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modules, and systems to give its customers the best possible competitive advantages. 
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CUSTOMER SUPPORT 

INTEL'S COMPLETE SUPPORT SOLUTION WORLDWIDE 

Customer Support is Intel's complete support service that provides Intel customers with hardware support, software 
support, customer training, consulting services and network management services. For detailed information contact 
your local sales offices. 

After a customer purchases any system hardware or software product, service and support become major factors in 
determining whether that product will continue to meet a customer's expectations. Such support requires an inter- 
national support organization and a breadth of programs to meet a variety of customer needs. As you might expect, 
Intel's customer support is quite extensive. It can start with assistance during your development effort to network 
management. 100 Intel sales and service offices are located worldwide — in the U.S., Canada, Europe and the Far 
East. So wherever you're using Intel technology, our professional staff is within close reach. 

HARDWARE SUPPORT SERVICES 

Intel's hardware maintenance service, starting with complete on-site installation will boost your productivity from 
the start and keep you running at maximum efficiency. Support for system or board level products can be tailored 
to match your needs, from complete on-site repair and maintenance support economical carry-in or mail-in factory 
service. 

Intel can provide support service for not only Intel systems and emulators, but also support for equipment in your 
development lab or provide service on your product to your end-user/customer. 

SOFTWARE SUPPORT SERVICES 

Software products are supported by our Technical Information Phone Service (TIPS) that has a special toll free 
number to provide you with direct, ready information on known, documented problems and deficiencies, as well as 
work-arounds, patches and other solutions. ; ' 

Intel's software support consists of two levels of contracts. Standard support includes TIPS (Technical, Information 
Phone Service), updates and subscription service (product-specific troubleshooting guides and; COMMENTS 
Magazine). Basic support consists of updates and the subscription service. Contracts are sold in environments which 
represent product groupings (e.g., iRMX® environment). 

CONSULTING SERVICES 

Intel provides field system engineering consulting services for any phase of your development or application effort. 
You can use our system engineers in a variety of ways ranging from assistance in using a new product, developing 
an application, personalizing training and customizing an Intel product to providing technical and management 
consulting. Systems Engineers are well versed in technical areas Such as microcommunications, real-time applica- 
tions, embedded microcontrollers, and network services. You know your application needs; we know our products. 
Working together we can help you get a successful product to market in the least possible time. 

CUSTOMER TRAINING 

Intel offers a wide range of instructional programs covering various aspects of system design and implementation. 
In just three to ten days a limited number of individuals learn more in a single workshop than in weeks of self-study. 
For optimum convenience, workshops are scheduled regularly at Training Centers worldwide or we can take our 
workshops to you for on-site instruction. Covering a wide variety of topics, Intel's major course Categories include: 
architecture and assembly language, programming and operating systems, BITBUS™ and LAN applications. 

NETWORK MANAGEMENT SERVICES 

Today's networking products are powerful and extremely flexible. The return they can provide on your investment 
via increased productivity and reduced costs can be very substantial. 

Intel offers complete network support, from definition of your^ network's physical and functional design,, to imple- 
mentation, installation and maintenance. Whether installing your first network or adding to an existing one, Intel's 
Networking Specialists can optimize network performance for you. 
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OVERVIEW 

Imagine for a moment a world where all electronic 
communications were instantaneous. A world where 
voice, data, and graphics could all be transported via 
telephone lines to a variety of computers and receiving 
systems. A world where the touch of a finger could 
summon information ranging from stock reports to 
classical literature and bring it into environments as 
diverse as offices and labs, factories and living rooms. 

Unfortunately, these promises of the Information Age 
still remain largely unfulfilled. While computer tech- 
nology has accelerated rapidly over the last twenty 
years, the communications methods used to tie the wide 
variety of electronic systems in the world together have, 
by comparison, failed to keep pace. Faced with a tangle 
of proprietary offerings, high costs, evolving standards, 
and incomplete technologies, the world is still waiting 
for networks that are truly all-encompassing, the miss- 
ing links to today's communications puzzle. 

Enter microcommunications — ^microchip-based digital 
communications products and services. A migration of 
the key electronics communications functions into sih- 
con is now taking place, providing the vital interfaces 
that have been lacking among the various networks 
now employed throughout the world. Through the evo- 
lution of VLSI (Very Large Scale Integration) technolo- 
gy, microcommunications now can offer the perform- 
ance required to effect these communications interfaces 
at affordable costs, spanning the globe with silicon to 
eradicate the troublesome bottleneck that has plagued 
information transfer during recent years. 

"There are three parts to the communications puzzle," 
says Gordon Moore, Intel Chairman and CEO. "The 
first incorporates the actual systems that communicate 
with each other, and the second is the physical means 
to connect them — such as cables, microwave technolo- 
gy, or fiber optics. It is the third area, the interfaces 
between the systems and the physical links, where sili- 
con will act as the linchpin. That, in essence, is what 
microcommunications is all about." 



THE COMMUNICATIONS 
BOTTLENECK 

Visions of global networks are not new. Perhaps one of 
the most noteworthy of these has been espoused by Dr. 
Koji Kobayashi, chairman of NEC Corporation. His 
view of the future, developed over the nearly fifty years 
of his association with NEC, is known as C&C (Com- 
puters and Communications). It defines the marriage of 
passive communications systems and computers as 
processors and manipulators of information, providing 
the foundation for a discipline that is changing the ba- 
sic character of modem society. 



Kobayashi's macro vision hints at the obstacles con- 
fronting the future of C&C. When taken to the micro 
level, to silicon itself, one begins to understand the 
complexities that are involved. When Intel invented the 
microprocessor fifteen years ago, the first seeds of the 
personal computer revolution were sown , marking an 
era tjiat over the last decide has dramatically influ- 
enced the way people work and live. PCs now prolifer- 
ate in the office, in factories, and throughout laboratory 
environments. And their "intimidation" factor has less- 
ened to where they are also becoming more and more 
prevalent in the hpme, beginning to penetrate a market 
that to date has remained relatively untapped. 

Thanks to semiconductor technology, the personal 
computer has raised the level of productivity in our 
society. But most of that productivity has been gained 
by individuals at isolated workstations. Group produc- 
tivity, meanwhile, still leaves much to be desired. The 
collective productivity of organizations can only be en- 
hanced through more sophisticated networking 
technology. We are now faced with isolated "islands 
of automation" that must somehow be developed 
into networks of productivity. 

But no amount of computing can meet these challenges 
if the corresponding communications technology is not 
sufficiently in step. The Information Age can only grow 
as fast as the lowest common denominator — which in 
this case is the aggregate communications bandwidth 
that continues to lag behind our increased computing 
power. Such is the nature of the communications bot- 
tleneck, where the growing amounts of information we 
are capable of generating can only flow as fast as the 
limited and incompatible communications capabilities 
now in place. Clearly, a crisis is at hand. 

BREAKING UP THE BOTTLENECK 

Three factors have contributed to this logjam: lack of 
industry standards, an insufficient cost/performance 
ratio, and the incomplete status of available communi- 
cations technology to date. 

• Standards — One look at the tangle of proprietary 
systems now populating office, factory, and labora- 
tory environments gives a good indication of the 
inherent difficulty in hooking these diverse systems 
together. And these Systems do not merely feature 
different architectures — ^they also represent com- 
pletely different levels of computing, ranging from 
giant mainframes at one end of the scale down to 
individual microcontrollers on the other. 

The market has pimply grown too fast to effectively 
, accomniodate the changes that have occurred. Sup- 
pliers face the dilemma of meshing product differ- 
entiation issues with industry-wide compatibility as 
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they develop their strategies; opting for one in the 
past often meant forsaking the other. And while 
some standards have coalesced^ the industry still 
faces a technological Tower of Babel, with many 
proprietary solutions vying to be recognized in lead- 
ership positions. 

• Cost/Performance Ratio—While various commu- 
nications technologies struggle toward maturity, 
the industry has had to cope with tremendous costs 
associated with ihterconnectivity and interopera- 
tion. Before the shift to microelectronic interfaces 
began to occur, these connections often were pro- 
hibitively expensive. 

Says Ron Whittier, Intel Vice President and Direc- 
tor of Marketing: "Mainframes offer significant 
computing and communications power, but at a 
price that hmits the number of users. What is need- 
ed is cost-effective communications solutions to 
hook together the roughly 16 million installed PCs 
in the market, as well as the soon-to-exist voice/ 
data terminals. That's the role of microcommunica- 
tions— bringing cost-effective communications solu- 
tions to the microcomputer world.'* 

• Incomplete Technology — ^Different suppliers have 
developed many networking schemes, but virtually 
all have been fragmoited and unable to meet the 
wide range of needs in the marketplace. Some of 
these approaches have only served to create addi- 
tional problems, making OEMs and systems houses 
loathe to commit to suppliers who they fear cannot 
provide answers at all of the levels of communica- 
tions that are now funneled into the bottleneck. 



THE NETWORK TRINITY 

Three principal types of networks now comprise the 
electronic communications marketplace: Wide Area 
Networks (WANs), Local Area Networks (LANs), and 
Small Area Networks (SANs). Each in its own fashion 
is turning to microcommunications for answers to its 
networking problems. 

WANs — ^known by some as Qlobal Area Networks 
(GANs)— are most commonly associated with the 
worldwide analog telephone system. The category also 
includes a number of other segments, such as satellite 
and microwaye communications, traditional networks 
(like mainframe-to-mainframe connections), modems, 
statistical Qiultiplexers, and front-end communications 
processors. The lion's share of nodes — electronic net- 
work connections — ^in the WAN arena* hpwever, re- 
sides in the telecommunications segment. This is where 
the emerging ISDN (Integrated Services Digital Net- 
work) standard comes into focus as the most visible 
portion of the WAt^ marketplace. 



The distances over which information may be transmit- 
ted via a WAN are essentially unlimited. The goal of 
ISDN is to take what is largely an analog global system 
and transform it into a digital network by defining the 
standard interfaces that will provide connections at 
each node. 

These interfaces will allow basic digital communica- 
tions to occur via the existing twisted pair of wires that 
comprise the telephone lines in place today. This would 
bypass the unfeasible alternative of installing complete- 
ly new lines, which would be at cross purposes with the 
charter of ISDN: to reduce costs and boost perform- 
ance through realization of an all-digital network. 

The second category, Local Area Networks, represents 
the most talked-about link provided by microcommuni- 
cations; In their most common form, LANs are com- 
prised of— but not limited to — ^PC-to-PC connections. 
They incorporate information exchange over limited 
distances, usually not exceeding five kilometers, which 
often takes place within the same building or between 
adjacent work areas. The whole phenomenon surround- 
ing LAN development, personal computing, and dis- 
tributed processing essentially owes its existence to mi- 
crocomputer technology, so it is not surprising that this 
segment of networking has garnered the attention it has 
in microelectronic circles. 

Because of that, progress is being made in this area. 
The most prominent standard — ^which also applies to 
WANs and SANs — ^is the seven-layer Open Systems In- 
terconnection (OSI) Model, established by the Interna- 
tional Standards Organization (ISO). The model pro- 
vides the foundation to which all LAN configurations 
must adhere if they hope to have any success in the 
marketplace. Interconnection protocols determining 
how systems are tied together are defined in the first 
five layers. Interoperation concepts are covered in the 
upper two layers, defining how systems can communi- 
cate with each other once they are tied together. 

In the LAN marketplace, a large number of networking 
products and philosophies are available today, offering 
solutions at various price/performance points. Diverse 
approaches such as StarLAN, Token Bus and Token 
Rmg, Ethernet, and PC-NET, to name a few of the 
more popular office LAN architectures, point to many 
choices for OEMs and end users. 

A similar situation exists in the factory. While the 
Manufacturing Automation Protocol (MAP) standard 
is coalescing around the leadership of General Motors, 
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Boeing, and others, a variety of proprietary solutions 
also abound. The challenge is for a complete set of in- 
terfaces to emerge that can potentially tie all of these 
networks' together in — and ambng — ^the office, factory, 
and lab environments. 

The fmal third of the network trinity is the Small Area 
Network (SAN). This category is concerned with com- 
munications over very short distances, usually not ex- 
ceeding 100 meters. SANs most often deal with chip-to- 
chip or chip-to-system transfer of information; they are 
optimized to deal with real-time applications generally 
managed by microcontrollers, such as those that take 
place on the factory floor among robots at various 
workstations. 

SANs incorporate communications functions that are 
undertaken via serial backplanes in microelectronic 
equipment. While they represent a relatively small mar- 
ket in 1986 when compared to WANs and LANs, a 
tenfold increase is expected through 1990. SANs will 
have the greatest number of nodes among network ap- 
plications by the next decade, thanks to their prepon- 
derance in many consumer products. 

While factory applications will make up a large part of 
the SAN marketplace probably the greatest contributor 
to growth will be in automotive applications. Micro- 
controllers are now used in many dashboards to control 
a variety of engine tasks electronically, but they do not 
yet work together in organized and efficient networks. 
As Intel's Gordon Moore commented earlier this year 
to the New York Society of Security Analysts, when 
this technology shifts into full gear during the next dec- 
ade, the total automobile electronics market will be 
larger than the entire semiconductor market was in 
1985. 



MARKET OPPORTUNITIES 

Such growth is also mirrored in the projections for the 
WAN and LAN segments, which, when combined with 
SANs, make up the microcommunications market pie. 
According to Intel analysts, the total silicon microcom- 
munications market in 1985 amounted to $522 million. 
By 1989, Intel predicts this figure will have expanded to 
$1290 million, representing a compounded annual 
growth rate of 25%. 

And although the WAN market will continue to grow 
at a comfortable rate, the SAN and LAN pieces of the 
pie will increase the most dramatically. Whereas SANs 
represented only about 12.5% ($65 million) in 1985, 
they could explode to 22.5% ($290 million) of the larg- 
er pie by 1989. This growth is paralleled by increases in 



the LAN segment, which should grow from 34.5% of 
the total siUcon microcommunications market in 1985 
to 44.5% of the expanded pie in 1989. 

Opportunities abound for microcommunications sup- 
pliers as the migration to silicon continues. And 
perhaps no VLSI supplier is as well-positioned in this 
marketplace as Intel, which predicts that 50% of its 
products will be microcommunications-related by 1990. 
The key here is the corporation's ability to bridge the 
three issues that contribute to the communications bot- 
tleneck: standards, cost-performance considerations, 
and the completeness of microcomputer and microcom- 
munications product offerings. 

INTEL AND VLSI: THE 
MICROCOMMUNICATIONS MATCH 

Intel innovations helped make the microcomputer revo- 
lution possible. Such industry "firsts" include the 
microprocessor, the EPROM, the E2PR0M, the 
microcontroller, development systems, and single board 
computers. Given this legacy, it is not surprising that 
the corporation should come to the microcommunica- 
tions marketplace already equipped with a potent arse- 
nal of tools and capabilities. 

The first area centers on industry standards. As a VLSI 
microelectronic leader, Intel has been responsible for 
driving many of the standards that are accepted by the 
industry today. And when not actually initiating these 
standards, Intel has supported other existing and 
emerging standards through its longtime "open sys- 
tems" philosophy. This approach protects substantial 
customer investments and ensures easy upgradability 
by observing compatibility with previous architectures 
and industry-leading standards. 

Such a position is accentuated by Intel's technology re- 
lationships and alliances with many significant names 
in the microcommunications field. Giants like AT&T 
in the ISDN arena. General Motors in factory network- 
ing, and IBM in office automation all are working 
closely with Intel to further the standardization of the 
communications interfaces that are so vital to the 
world's networking future. 

Cost/performance considerations also point to Intel's 
strengths. As a pioneer in VLSI technology, Intel has 
been at the forefront of achieving greater circuit densi- 
ties and performance on single pieces of silicon: witness 
the 275,000 transistors housed on the 32-bit 80386, the 
highest performance commercial microprocessor ever 
built. As integration has increased, cost-per-bit has de- 
creased steadily, marking a trend that remains consist- 
ent in the semiconductor industry. And one thing is 
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certain: microcommunications has a healthy appetite 
for transistors, placing it squarely in the center of the 
VLSI explosion. 

But it is in the final area — completeness of technology 
and products — ^where Intel is perhaps the strongest. No 
other microelectronic vendor can point to as wide an 
array of products positioned across the various seg- 
ments that comprise the microelectronic marketplace. 
Whether it be leadership in the WAN marketplace as 
the number one supplier of merchant telecommunica- 
tions components, strength in SANs with world leader- 
ship in microcontrollers, or overall presence in the 
LAN arena with complete solutions in components, 
boards, software, and systems, Intel is a vital presence 
in the growing microcommunications arena. 



That leadership extends beyond products. Along with 
its own appUcation software, Intel is promoting expan- 
sion through partnerships with many different indepen- 
dent softwai'e vendors (ISVs), ensuring that the neces- 
sary application programs will be in place to fuel the 
gains provided by the silicon "engines" residing at the 
interface level. And finally, the corporation's commit- 
ment fo technical suppprt training, service, and its 
strong fotce of Md applications engineers guarantees 
that it will back up its position and serve the needs that 
will continue to spring up as the microcommunications 
evolution becomes a reality. 

Together, all the market segment alluded to in this arti- 
cle comprise the world of microcommunications, a 
world coming closer together every day as the web of 
networking solutions expands — ^all thanks to the tech- 
nological ties that bind, reaching out to span the globe 
with silicon. 



Local Area Networks ^ 
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■ Performs Complete CSMA/CD Medium 
Access Control Functions 
Independently of CPU 

— High Level Command Interface 

■ Supports Established and Emerging 
LAN Standards 

— IEEE 802.3/Ethernet (10BASE5) 

— IEEE 802.3/Cheapernet (10BASE2) 

— IBM PC Network 

— IEEE 802.3/StarLAN (1 BASES) 

— Proprietary CSMA/CD Networks up 
to 10 Mbps 

■ On-Chip Memory Management 

— Automatic Buffer Chaining 

— Buffer Reclaim After Receipt of Bad 
Frames 

— Save Bad Frames, Optionally 

■ Interfaces to 8-bit and 16-bit 
Microprocessors 

■ 48 Pin DIP and 68 Pin PLCC 

(see "Intel Packaging" Docunf\ent, Order Number: 231369-001) 



■ Supports Minimum Component 
Systems 

— Shared Bus Configuration 

— Interface to lAPX 186 and 188 
Microprocessors without Glue 

■ Supports High Performance Systems 

— Bus Master, with On-Chip DMA 

— 5 MBytes/Sec Bus Bandwidth 

— Compatible with Dual Port Memory 

— Back to Back Frame Reception at 10 
Mbps 

■ Network Management 

— CRC Error Tally 

— Alignment Error Tally 

— Location of Cable Faults 

■ Self-Test Diagnostics 

— Internal Loopback 

— External Loopback 

— Internal Register Dump 

— Backoff Timer Check 
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Figure 1. 82586 Functional Block Diagram 

*IBM is a trademark of international Business Machines Corp. 
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The 82586 is an intelligent, high performance Local 
Area Network coprocessor, implementing the 
CSMA/CD access method (Carrier Sense Multiple 
Access with Collision Detection). It performs all time- 
critical functions independently of the host proces- 
sor, which maximizes performance and network 
efficiency. 

The 82586 performs the full set of IEEE 802.3 
CSMA/CD media access control and channel inter- 
face functions including: framing, preamble genera- 
tion and stripping, source address generation, 
destination address checking, CRC generation and 
checking, short frame detection. Any data rate up to 
1 0 Mb/s can be used. 

The 82586 features a powerful host system inter- 
face. It automatically manages memory structures 
with command chaining and bidirectional data chain- 
ing. An on-chip DMA controller manages 4 channels 
transparently to the user. Buffers containing errored 
or collided frames can be automatically recovered. 
The 82586 can be configured for 8-bit or 16-bit data 
path, with maximum burst transfer rate of 2 or 4 
Mbyte/sec. respectively. Memory address space is 
1 6 Mbyte maximum. 



The 82586 provides two independent 1 6 byte FIFOs, 
one for receiving and one for transmitting. The 
threshold for block transfer to/from memory is pro- 
grammable, enabling the user to optimize bus over- 
head for a given worst case bus latency. 

The 82586 provides a rich set of diagnostic and net- 
work management functions including: internal and 
external ioopbacks, exception condition tallies, 
channel activity indicators, optional capture of all 
frames regardless of destination address, optional 
capture of errored or collided frames, and time do- 
main reflectometry for locating faults in the cable. 

The 82586 can be used in either baseband or broad- 
band networks. It can be configured for maximum 
network efficiency (minimum contention overhead) 
for any length network operating at any data rate up 
to 10 Mbps. The controller supports address field 
lengths of 1 , 2, 3, 4, 5, or 6 bytes. It can be config- 
ured for either the IEEE 802.3/Ethernet or HDLC 
method of frame delineation. Both 16-bit and 32-bit 
CRC are supported. 

The 82586 is fabricated in Intel's reliable HMOS II 
5V technology and is available in a 48 pin DIP or 
68 pin PLCC package. 



Table 1. 82586 Pin Description 



Symbol 


48 Pin DIP 
Pin No. 


68 Pin PLCC 
Pin No. 


Type 
Level 


Name and Function 


Vcc Vcc 


48, 36 


8, 9,10,11, 
61,62 




System Power: + 5V Power Supply. 


Vss. Vss 


12, 24 


26, 27,41, 
42, 43, 44 




System Ground. 


RESET 


34 


13 


1 

TTL 


RESET is an active HIGH internally synchronized signal, 
causing the 82586 to terminate present activity 
immediately. The signal must be HIGH for at least four 
clock cycles. The 82586 will execute RESET within ten 
system clock cycles starting from RESET HIGH. When 
RESET returns LOW, the 82586 waits for the first CA to 
begin the initialization sequence. 


TxD 


27 


22 


0 
TTL 


Transmitted Serial Data output signal. This signal is HIGH 
when not transmitting. 


TxC 


26 


23 


1 

* 


Transmit Data Clock. This signal provides timing 
information to the internal serial logic, depending upon the 
mode of data transfer. For NRZ mode of operation, data is 
transferred to the TxD pin on the HIGH to LOW clock 
transition. 


RxD 


25 


24 


1 

TTL 


Received Data Input Signal. 


RxC 


23 


28 


1 

* 


Received Data Clock. This signal provides timing 
information to the internal shifting logic depending upon the 
mode of data transfer. For NRZ data, the state of the RxD 
pin is sampled on the HIGH to LOW clock transition. 



*See D.C. Characteristics. 
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Table 1. 82586 Pin Description (Continued) 



Symbol 


48 Pin DIP 
Pin No. 


68 Pin PLCC 
Pin No. 


Type 
Level 


Name and Function 


rTs 


28 


21 


0 
TIL 


Request To Send signal. When LOW, notifies an external 
interface that the 82586 has data to transmit. It is forced 
HIGH after a Reset and while the Transmit Serial Unit is 
not sending data. 


CTS 


29 


20 


1 

TTL 


Active LOW Clear To Send input enables the 82586 
transmitter to actually send data. It is normally used as an 
interface handshake to RTS. This signal going inactive 
stops transmission. It is internally synchronized. If CTS 
goes inactive, meeting the setup time to TxC negative 
edge, transmission is stopped and RTS goes inactive 
within, at most, two TxC cycles. 


CRS 


31 


18 


1 

TTL 


Active LOW Carrier Sense input used to notify the 82586 
that there is traffic on the serial link. It is used only if the 
82586 is configured for external Carrier Sense. When so 
configured, external circuitry is required for detecting serial 
link traffic. It is internally synchronized. To be accepted, 
the signal must stay active for at least two serial clock 
cycles. 


CDT 


30 


19 


1 

TTL 


Active LOW Collision Detect input is used to notify the 
82586 that a collision has occurred, it is used only if the 
82586 is configured for external Collision Detect. External 
circuitry is required for detecting the collision. It is internally 
synchronized. To be accepted, the signal must stay active 
for at least two serial clock cycles. During transmission, the 
82586 is able to recognize a collision one bit time after 
preamble transmission has begun. 


INT 


38 


6 


0 
TTL 


Active HIGH Interrupt request signal. 


CLK 


32 


15 


1 

MOS 


The system clock input from the 80186 or another 
symmetrical clock generator. 


MN/MX 


33 


14 


1 

TTL 


When HIGH, MN/MX selects RD. WR. ALE DEN, DT/R 
(Minimum Mode). When LOW, MN/MX selects A22, A23. 
READY, SO, SI (Maximum Mode). Note: This pin should be 
static during 82586 operation. 


AD0-AD15 


6-11, 
13-22 


29-33, 36- 
40, 45, 48. 
49, 50, 53, 
54 


I/O 
TTL 


These lines form the time multiplexed memory address (t1) 
and data (t2. t3. tW, t4) bus. When operating with an 8-blt 
bus, the high byte will output the address only during T1 . 
AD0-AD1 5 are floated after a RESET or when the bus is 
not acquired. 


A16-A18 
A20-A23 


1,3-5 
45-47 


55-57. 59, 
63-65 


0 
TTL 


These lines constitute 7 out of 8 most significant address 
bits for memory operation. They switch during t1 and stay 
valid during the entire memory cycle. The lines are floated 
after RESET or when the bus is not acquired. Address 
lines A22 and A23 are not available for use in minimum 
mode. 


A19/S6 


2 


58 


0 
TTL 


During t1 it forms line 1 9 of the memory address. During t2 
thirough t4 it is used as a status indicating that this is a 
Master peripheral cycle, and is HIGH. Its timing is identical 
to that of AD0-AD1 5 during write operation. 
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Table 1. 82586 Pin Description (Continued) 



Symbol 


48 Pin DIP 
Pin No. 


68 Pin PLCC 
Pin No. 


Type 
Level 


Name and Function 


HOLD 


43 


67 


0 
TIL 


MOLD is an active HIGIH signal used by the 82586 to 
request local bus mastership at the end of the current 
CPU bus transfer cycle, or at the end of the current DMA 
burst transfer cycle. In normal operation, HOLD goes 
inactive before HLDA. The 82586 can be forced off the 
bus by HLDA going inactive. In this case, HOLD goes 
inactive within four clock cycles in word mode and eight 
clock cycles in byte mode. 


HLDA 


42 


68 


1 

TIL 


HLDA IS an active HIGH Hold Acknowledge signal 
indicating that the CPU has received the HOLD request 
and that bus control has been relinquished to the 82586. It 
is internally synchronized. After HOLD is detected as 
LOW, the processor drives HLDA LOW. Note, 
CONNECTING Vcc TO HLDA IS NOT ALLOWED 
because it will cause a deadlock. Users wanting to give 
permanent bus access to the 82586 should connect 
HLDA with HOLD. 


CA 


35 


12 


1 

TIL 


The CA pin is a Channel Attention input used by the CPU 
to initiate the 82586 execution of memory resident 
Command Blocks. The CA signal is synchronized 
internally. The signal must be HIGH for at least one 
system clock period. It is latched internally on HIGH to 
LOW edge and then detected by the 82586. 


BHE 


44 


66 


0 
TIL 


The Bus High Enable signal (BHE) is used to enable data 
onto the most significant half of the data bus. Its timing is 
identical to that of A16-A23. With a 16-bit bus it is LOW 
and with an 8-bit bus it is HIGH. Note: after RESET, the 
82586 is configured to 8-bit bus. 


READY 


39 


5 


1 

TTL 


This active HIGH signal is the acknowledgement from the 
addressed memory that the transfer c^cle can be 
completed. While LOW, it causes wait states to be 
inserted. This signal must be externally synchronized with 
the system clock. The Ready signal internal to the 82586 
is a logical OR between READY and SRDY/ARDY. 


ARDY/SRDY 


37 


7 


1 

TTL 


This active HIGH signal performs the same function as 
READY. If it is programmed at configure time to SRDY, it 
IS lueniicai xo ntAUY. it it is programmea lo MnuY, ine 
positive edge of the Ready signal is internally 
synchronized. Note, the negative edge must still meet 
setup and hold time specifications, when in ARDY mode. 
The ARDY signal must be active for at least one system 
clock HIGH period for proper strobing. The Ready signal 
internal to the 82586 is a logical OR between READY (in 
Maximum Mode only) and SRDY/ARDY. Note that 
following RESET, this pin assumes ARDY mode. 
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Table 1. 82586 Pin Description (Continued) 



Symbol 


48 Pin DIP 
Pin No. 


68 Pin PLCC 
Pin No. 


Type 
Level 


Name and Function 


SO, ST 


40,41 


4,3 


0 
TTL 


Maximunn mode only. These status pins define the type of 
DMA transfer during the current memory cycle. They are 
encoded as follows: 
SI SO 

0 0 Not Used 

0 1 Read Memory 

1 0 Write Memory 

Status is active from the middle of t4 to the end of t2. They 
return to the passive state during t3 or during tW when 
READY or ARDY is HIGH. These signals can t>e used by 
the 8288 Bus Controller to generate all memory control and 
timing signals.* Any change from the passive state, signals 
the 8288 to start the next t1 to t4 bus cycle. These pins are 
pulled HIGH and floated after a system RESET and when 
the bus is not acquired. 


RD 


46 


64 


0 
TTL 


Used in minimum mode only. The read strobe indicates that 
the 82586 is performing a memory read cycle. RD is active 
LOW during t2, t3 and tW of any read cycle. This signal is 
pulled HIGH and floated after a RESET and when the bus is 
not acquired. 


WR 


45 


65 


0 

ttL 


Used in minimum mode only. The write strobe indicates that 
the 82586 is performing a write memory cycle. WR is active 
LOW during t2, t3 and tW of any write cycle. It is pulled 
HIGH and floats after RESET and when the bus is not 
acquired. 


ALE 


39 


5 


0 

TTL 


Used in minimum mode only. Address Latch Enable is 
provided by the 82586 to latch the address into the 
8282/8283 address latch. It is a HIGH pulse, during t1 
('clock low') of any bus cycle. Note that ALE is never 
floated. 


DEN 


40 


4 


0 
TTL 


Used in minimum mode only. Data ENable is provided as 
output enable for the 8286/8287 transceivers in a stand- 
alone (no 8288) system. DEN is active LOW during each 
memory access. For a read cycle, it is active from the 
middle of t2 until the beginning of t4. For a write cycle, it is 
active from the beginning of t2 until the middle of t4. It is 
pulled HIGH and floats after a system RESET or when the 
bus is not acquired. 


DT/R 


41 


3 


0 
TTL 


Used in minimum mode only. DT/R is used in non-8288 
systems using an 8286/8287 data bus transceiver. It 
controls the direction of data flow through the Transceiver. 
Logically, DT/R is equivalent to SI . It becomes valid in the 
t4 preceding a bus cycle and remains valid until the final t4 
of the cycle. This signal is pulled HIGH and floated after a 
RESET or when the bus is not acquired. 



NOTE: 

*8288 does not support 10 MHz operation. 
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82586/HOST CPU INTERACTION 

Communication between the 82586 and the host is 
carried out via shared memory. The 82586's on-chip 
DMA capability allows autonomous transfer of data 
blocks (buffers, frames) and relieves the CPU of 
byte transfer overhead. The 82686 is optimized to 
interface the lAPX 1 86, but due to the small number 
of hardware signals between the 82586 and the 
CPU, the 82586 can operate easily with other proc- 
essors. The 82586/ host interaction is explained 
separately in terms of the logical interface and the 
hardware bus interface. 

The 82586 consists of two independent units: Com- 
mand Unit (CU) and Receive Unit (RU). The CU exe- 
cutes commands from shared memory. The RU 
handles all activities related to frame reception. The 
CU and RU enable the 82586 to engage in the two 
types of activities simultaneously: the CU may be 
fetching and executing commands out of memory, 
and the RU may be storing received frames in mem- 
ory. CPU intervention is only required after the CU 
executes a sequence of commands or the RU stores 
a sequence of frames. 

The only hardware signals that connect the CPU and 
the 82586 are INTERRUPT and CHANNEL ATTEN- 
TION (see Figure 3). Interrupt is used by the 82586 
to draw the CPU's attention to a change in the con- 
tents of the SCB. Channel Attention is used by the 
CPU to draw the 82586's attention. 



82586 SYSTEM MEMORY 
STRUCTURE 

The Shared Memory structure consists of four parts: 
Initialization Root, System Control Block (SCB), 



Command List, and Receive Frame Area (RFA) (see 
Figure 4). 

The Initialization Root is at a predetermined location 
in the memory space, (0FFFFF6H), known to both 
the host CPU and the 82586. The root is accessed 
at initialization and points to the System Control 
Block. 

The System Control Block (SCB) functions as a bidi- 
rectional mail drop between the host CPU, CU and 
RU. It is the central element through which the CPU 
and the 82586 exchange control and status informa- 
tion. The SCB consists of two parts, the first of 
which entails instructions from the CPU to the 
82586. These include: control of the CU and RU 
(START, ABORT, SUSPEND, RESUME), a pointer 
to the list of commands for the CU, a pointer to the 
receive frame area, and a set of Interrupt acknowl- 
edge bits. The second entails status information 
keyed by the 82586 to the CPU, including: state of 
the CU and RU (e.g. IDLE, ACTIVE READY, SUS- 
PENDED, NO RECEIVE RESOURCES), interrupts 
bits (command completed, frame received, CU not 
ready, RU not ready), and statistics (see Figure 4). 

The Command List serves as a program for the CU. 
Individual commands are placed in memory units 
called a Command Block, or CB. CB's contain com- 
mand specific parameters and command specific 
statuses. Specifically, these high level commands 
are called Action Commands (e.g. Transmit, Config- 
ure). 

A specific command. Transmit, causes transmission 
of a frame by the 82586. The Transmit command 
block includes Destination Address, Length Field, 
and a pointer to a list of linked buffers that holds the 
frame to be constructed from several buffers scat- 
tered In memory. The Command Unit performs with- 
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Figure 3. 82586/Host CPU Interaction 
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Figure 4. 82586 Shared Memory Structure 



out the CPU intervention, the DIVIA of each buffer 
and the prefetching of references to new buffers in 
parallel. The CPU is notified only after successful 
transmission or retransmission. 

The Receive Frame Area is a list of Free Frame De- 
scriptors (Descriptors not yet used) and a list of buff- 
ers prepared by the user. It is conceptually distinct 
from the Command List. Frames arrive without being 
solicited by the 82586. The 82586 must be prepared 
to receive them even if it is engaged in other activi- 
ties and to store them in the Free Frame Area. The 
Receive Unit fills the buffers upon frame reception 
and reformats the Free Buffer List into received 
frame structures. The frame structure is virtually 
identical to the format of the frame to be transmitted. 
The first frame descriptor is referenced by SCB. A 
Frame Descriptor and the associated Buffer De- 
scriptor wasted upon receiving a Bad Frame (CRC 
or Alignment errored, Receive DMA overrun errored, 
or Collision fragmented frame) are automatically re- 
claimed and returned to the Free Buffer List, unless 
the chip is configured to Save Bad Frames. 



Receive buffer chaining (i.e. storing incoming frames 
in a linked list of buffers) improves memory utiliza- 
tion significantly. Without buffer chaining, the user 
must allocate consecutive blocks of the maximum 
frame size (1518 bytes in Ethernet) for each frame. 
Taking into account that a typical frame size may be 
about 100 bytes, this practice is very inefficient. With 
buffer chaining, the user can allocate small buffers 
and the 82586 uses only as many as needed. 

In the past, the drawback of buffer chaining was the 
CPU processing overhead and the time involved in 
the buffer switching (especially at 10 Mb/s). The 
82586 overcomes this drawback by performing buff- 
er management on its own for both transmission and 
reception (completely transparent to the user). 

The 82586 has a 22-bit memory address range in 
minimum mode and 24-bit memory address range in 
maximum mode. All memory structures, the System 
Control Block, Command List, Receive Descriptor 
List, and all buffer descriptors must reside within one 
64K-byte memory segment. The Data Buffers can 
be located anywhere in the memory space. 
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TRANSMITTING FRAMES 

The 82586 executes high level action commands 
from the Command List in external memory. Action 
commands are fetched and executed in parallel with 
the host CPU's operation, thereby significantly im- 
proving system performance. The general action 
commands format is shown in Figure 5. 
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Figure 5. Action Command Format 

Message transmission is accomplished by using the 
Transmit command. A single Transmit command 
contains, as part of the command-specific parame- 
ters, the destination address and length field for the 
transmitted frame along with a pointer to a buffer 
area in memory containing the data portion of the 
frame. (See Figure 1 5.) The data field is contained in 
a memory data structure consisting of a Buffer De- 
scriptor (BD) and Data Buffer (or a linked list of buff- 
er descriptors and buffers) as shown in Figure 6. The 
BD contains a Link Field which points to the next BD 
on the list and a 24-bit address pointing to the Data 
Buffer itself. The length of the Data Buffer is speci- 
fied by the Actual Count field of the BD. 

Using the BD's and Data Buffers, multiple Data Buff- 
ers can be 'chained' together. Thus, a frame with a 
long Data Field can be transmitted using multiple 
(shorter) Data buffers chained together. This chain- 
ing technique allows the system designer to develop 
efficient buffer management policies. 



TRANSMIT (BD) 



ACTUAL COUNT 



. NEXT BUFFER DESCRIPTOR 
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Figure 6. Data Buffer Descriptor 
and Data Buffer Structure 

buffers pointed to by the Transmit command, and 
computes and appends the CRC at the end of the 
frame. See Figure 7. 

The 82586 can be configured to generate either the 
Ethernet or HDLC start and end frame delimiters. In 
the Ethernet mode, the start frame delimiter is 
10101011 and the end frame delimiter indicated by 
the lack of a signal after transmitting the last bit of 
the frame check sequence field. When in the HDLC 
mode, the 82586 will generate the 01111110 'flag' 
for the start and end frame delimiters and perform 
the standard 'bit stuffing/stripping'. In addition, the 
82586 will optionally pad frames that are shorter 
than the specified minimum frame length by append- 
ing the appropriate number of flags to the end of the 
frame. 

In the event of a collision (or collisions), the 82586 
manages the entire jam, random wait and retry pro- 
cess, reinitializing DMA pointers without CPU inter- 
vention. Multiple frames can be sent by linking the 
appropriate number of Transmit commands togeth- 
er. This is particularly useful when transmitting a 
message that is larger than the maximum frame size 
(1518 bytes for Ethernet). 



The 82586 automatically generates the preamble 
(alternating 1's and O's) and start frame delimiter, 
fetches the destination address and length field from 
the Transmit command, inserts its unique address 
as the source address, fetches the data field from 



RECEIVING FRAMES 

In order to minimize CPU overhead, the 82586 is 
designed to receive frames without CPU supervi- 
sion. The host CPU first sets aside an adequate 
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Figure 8. Receive Frame Area Diagram 



amount of receive buffer space and then enables 
the 82586's Receive Unit. Once enabled, the RU 
'watches' for any of its frames which it automatically 
stores in the Receive Frame Area (RFA). The RFA 
consists of a Receive Descriptor List (RDL) and a list 
of free buffers called the Free Buffer List (FBL) as 
shown in Figure 8. The individual Receive Frame 
Descriptors that make up the RDL are used by the 
82586 to store the destination and source address, 
length field and status of each frame that is re- 
ceived. (Figure 9.) 

The 82586, once enabled, checks each passing 
frame for an address match. The 82586 will recog- 
nize its own unique address, one or more multicast 
addresses or the broadcast address. If a match oc- 
curs, it stores the destination and source address 
and length field in the next available RFD. It then 
begins filling the next free Data Buffer on the FBL 
(which is pointed to by the current RFD) with the 
data portion of the incoming frame. As one DB is 
filled, the 82586 automatically fetches the next DB 
on the FBL until the entire frame is received. This 
buffer chaining technique is particularly memory effi- 
cient because it allows the system designer to set 
aside buffers that fit a frame size that may be much 
shorter than the maximum allowable frame. 
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Figure 9. Receive Frame Descriptor 

Once the entire frame is received without error, the 
82586 performs the following housekeeping tasks: 

• Updates the Actual Count field of the last Buffer 
Descriptor used to hold the frame just received 
with the number of bytes stored in its associated 
Data Buffer. 
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• Fetches the address of the next free Receive 
Frame Descriptor. 

• Writes the address of the next free Buffer De- 
scriptor into the next free Receive Frame De- 
scriptor. 

• Posts a 'Frame Received' interrupt status bit in 
theSCB. 

• Interrupts the CPU. 

In the event of a frame error, such as a CRC error, 
the 82586 automatically reinitializes its DMA point- 
ers and reclaims any data buffers containing the bad 
frame. As long as Receive Frame Descriptors and 
data buffers are available, the 82586 will continue to 
receive frames without further CPU help. 



82586 NETWORK MANAGEMENT AND 
DIAGNOSTIC FUNCTIONS 

The behavior of data communication networks is 
typically very complex due to their distributed and 
asynchronous nature. It is particularly difficult to pin- 
point a failure when it occurs. The 82586 was de- 
signed in anticipation of these problems and 
includes a set of features for improving reliability and 
testability. 

The 82586 reports on the following events after 
each frame transmitted: 

• Transmission successful. 

• Transmission unsuccessful; lost Carrier Sense. 

• Transmission unsuccessful; lost Clear-to-Send. 

• Transmission unsuccessful; DMA underrun be- 
cause the system bus did not keep up with the 
transmission. 

• Transmission unsuccessful; number of collisions 
exceeded the maximum allowed. 

The 82586 checks each incoming frame and reports 
on the following errors, (if configured to 'Save Bad 
Frame'): 

• CRC error: incorrect CRC in a well aligned frame. 

• Alignment error: incorrect CRC in a misaligned 
frame. 

• Frame too short: the frame is shorter than the 
configured value for minimum frame length. 

• Overrun: the frame was not completely placed in 
memory because the system bus did not keep up 
with incoming data. 

• Out of buffers: no memory resources to store the 
frame, so part of the frame was discarded. 



NETWORK PLANNING AND 
MAINTENANCE 

To perform proper planning, operation, and mainte- 
nance of a communication network, the network 
management entity must accumulate information on 
network behavior. The 82586 provides a rich set of 
network-wide diagnostics that can serve as the ba- 
sis for a network management entity. 

Network Activity information is provided in the status 
of each frame transmitted. The activity indicators 
are: 

• Number of collisions: number of collisions the 
82586 experienced in attempting to transmit this 
frame. 

• Deferred transmission: indicates if the 82586 had 
to defer to traffic on the link during the first trans- 
mission attempt. 

Statistics registers are updated after each received 
frame that passes the address filtering, and is longer 
than the Minimum Frame Length configuration pa- 
rameter. 

• CRC errors: number of frames that experienced a 
CRC error and were properly aligned. 

• Alignment errors: number of frames that experi- 
enced a CRC error and were misaligned. 

• No-resources: number of correct frames lost due 
to lack of memory resources. 

• Overrun errors: number of frame sequences lost 
due to DMA overrun. 

The 82586 can be configured to Promiscuous Mode. 
In this mode it captures all frames transmitted on the 
Network without checking the Destination Address. 
This is useful in implementing a monitoring station to 
capture all frames for analysis. 

The 82586 is capable of determining if there is a 
short or open circuit anywhere in the Network using 
the built in Time Domain Reflectometer (TDR) mech- 
anism. 



STATION DIAGNOSTICS 

The chip can be configured to External Loopback. 
The transmitter to receiver interconnection can be 
placed anywhere between the 82586 and the link to 
locate faults, for example: the 82586 output pins, the 
Serial Interface Unit, the Transceiver cable, or in the 
Transceiver. 



1-11 



82586 



The 82586 has a mechanism recognizing the trans- 
ceiver 'heart beat' signal for verifying the correct op- 
eration of the Transceiver's collision detection cir- 
cuitry. 



82586 SELF TESTING 

The 82586 can be configured to Internal Loopback. 
It disconnects itself from the Serial Interface Unit, 
and any frame transmitted is received immediately. 
The 82586 connects the Transmit Data to the Re- 
ceive Data signal and the Transmit Clock to the Re- 
ceive Clock. 

The Dump Command causes the chip to write over 
100 bytes of its internal registers to memory. 

The Diagnose command checks the exponential 
Backoff random number generator internal to the 
82586. 



CONTROLLING THE 82586 

The CPU controls operation of the 82586's Com- 
mand Unit (CU) and Receive Unit (RU) of the 82586 
via the System Control Block. 



THE COMMAND UNIT (CU) 

The Command Unit is the logical unit that executes 
Action Commands from a list of commands very 
similar to a CPU program. A Command Block (CB) is 
associated with each Action Command. 



The CU can be modeled as a logical machine that 
takes, at any given time, one of the following states: 

• IDLE— CU is not executing a command and is not 
associated with a CB on the list. This is the initial 
state. 

• SUSPENDED— CU is not executing a command 
but (different from IDLE) is associated with a CB 
on the list. 

• ACTIVE — CU is currently executing an Action 
Command, and points to its CB. 

The CPU may affect the CU operation in two ways: 
issuing a CU control Command or setting bits in the 
COMMAND word of the Action Command. 



THE RECEIVE UNIT (RU) 

The Receive Unit is the logical unit that receives 
frames and stores them in memory. 

The RU is modeled as a logical machine that takes, 
at any given time, one of the following states: 

• IDLE— RU has no memory resources and is dis- 
carding incoming frames. This is the initial RU 
state. 

• NO-RESOURCES— RU has no memory resourc- 
es and Is discarding incoming frames. This state 
differs from the IDLE state in that RU accumu- 
lates statistics on the number of frames It had to 
discard. 

• SUSPENDED— RU has free memory resources 
to store incoming frames but discard them any- 
way. 
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Figure 10. System Control Block (SCB) Format 
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• READY— RU lias free memory resources and 
stores incoming frames. 

The CPU may affect RU operation In three ways: 
issuing an RU Control Command, setting bits In 
Frame Descriptor, FD, COMMAND word of the 
frame currently being received, or setting EL bit of 
Buffer Descriptor, BD, of the buffer currently being 
filled. 



SYSTEM CONTROL BLOCK (SCB) 

The System Control Block is the communication 
mail-box between the 82586 and the host CPU. The 
SCB format is shown in Figure 10. 

The host CPU issues Control Commands to the 
82586 via the SCB. These commands may appear 
at any time during routine operation, as determined 
by the host CPU. After the required Control Com- 
mand is setup, the CPU sends a CA signal to the 
82586. 

SCB is also used by the 82586 to return status infor- 
mation to the host CPU. After inserting the required 
status bits into SCB, the 82586 issues an Interrupt to 
the CPU. 

The format is as follows: 

STATUS word: Indicates the status of the 82586. 
This word is modified only by the 82586. Defined bits 
are: 



COMMAND word: Specifies the actiom.to be per- 
formed as a result of the CA. This word is set by the 
CPU and cleared by the 82586. Defined bits are: 



CX 


(Bit 15) 


• A command in the CBL 






having its 1' (interrupt) bit 






set has been executed. 


FR 


(Bit 14) 


• A frame has been received. 


CNR 


(Bit 13) 


• The Command Unit left the 






Active state. 


RNR 


(Bit 12) 


• The Receive Unit left the 






Ready state. 


CUS 


(Bits 8-10) 


• (3 bits) this field contains 






the status of the Command 






Unit. 






Valid values are: 






0 — Idle 






1 — Suspended 






2 —Active 






3-7 —Not Used 


RUS 


(Bits 4— 6) 


• (3 bits) this field contains 






the status of the Receive 






Unit. Valid values are: 






0 — Idle 






1 — Suspended 






2 —No Resources 






3 — Not Used 






4 — Ready 






5-7 —Not Used 



ACK-CX 


(Bit 15) 


ACK-FR 


(Bit 14) 


ACK-CNA 


(Bit 13) 


ACK-RNR 


(Bit 12) 


cue 


(Bits 8-10) 




0 




1 




2 




3 




4 




5-7 


RUC 


(Bits 4-6) 




0 




1 




2 




3 




4 




5-7 


RESET 


(Bit 7) 



• Acknowledges the 
command executed event. 

• Acknowledges the frame 
received event. 

• Acknowledes that the 
Command Unit became not 
ready. 

• Acknowledges that the 
Receive Unit became not 
ready. 

• (3 bits) this field contains 
the command to the 
Command Unit. 

• NOP (doQsn't affect current 
state of the unit). 

• Start execution of the first 
command on the CBL. If a 
command Is in execution, 
then complete it before 
starting the new CBL. The 
beginning of the CBL is in 
CBL OFFSET. 

• Resume the operation of 
the command unit by 
executing the next 
command. This operation 
assumes that the 
command unit has been 
previously suspended. 

• Suspend execution of 
commands on CBL after 
current command is 
complete. 

• Abort execution of 
commands immediately. 

• Reserved, illegal for use. 

• (3 bits) This field contains 
the command to the 
receive unit. Valid values 
are: 

• NCP (does not alter current 
state of unit). 

• Start reception of frames. If 
a frame is being received^ 
then complete reception 
before starting. The 
beginning of the RFA is 
contained in the R FA 
OFFSET. 

• Resume frame receiving 
(only when in suspended 
state.) 

• Suspend frame receiving. If 
a frame is being received, 
then complete its reception 
before suspending. 

• Abort receiver operation 
immediately. 

• Reserved, illegal for use. 

• Reset chip (logically the 
same as hardware 
RESET). 
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CBL-OFFSET: 

Gives the 16-foit offset address of the first commarrd 
(Action Command) In the command list to be execut- 
ed follovying CU-START. Thus, the 82586 reads this 
word only if the CUC field contained a CU-START 
Control Command. 



RFA-OFFSET: 

Points to the first Receive Frame Descriptor in the 
Receive Frame Area. 



CROERRS: 

CRC Errors - contains the number of properly 
aligned frames received with a CRC error. 

ALNERRS: 

Alignment Errors - contains the number of misa- 
ligned frames received with a CRC error. 



Figure 5, each command contains the command 
field, status and control fields^iink to the next action 
command in the CL, and any command-specific pa- 
rameters. This command format is called the Com- 
mand Block. 

The 82586 has a repertoire of 8 commands: 
NOP 

Setup individual Address 
Configure 

Setup Multicast Address 

Transmit 

TDR 

Diagnose 
Dump 

NOP 

This command results in no action by the 82586, 
except as performed in normal command process- 
ing. It is present to aid in Command List manipula- 
tion. 



RSCERRS: 

Resource Errors - records the number of correct in- 
coming frames discarded due to lack of memory 
resources (buffer space or received frame descrip- 
tors). 



OVRNERRS: 

Overrun Errors - counts the number of received 
frame sequences lost because the memory bus was 
not available in time to transfer them. 



ACTION COMMANDS 

The 82586 executes a 'program' that is made up of 
action commands in the Command List. As shown in 



NOP command includes the following fields: 
STATUS word (written by 82586): 



c 

B 

OK 


(Bit 15) 
(Bit 14) 
(Bit 13) 


• Command Completed 

• Busy Executing Command 

• Error Free Completion 


COMMAND word: 


EL 

S 

1 

CMD 


(Bit 15) 
(Bit 14) 
(Bit 13) 
(Bits 0-2) 


• End of Command List 

• Suspend After Completion 

• Interrupt After Completion 

• NOP = b 



LINK OFFSET: Address of next Command Block 



15 ODD BYTE 



EVEN BYTE 0 



c 


B 


CK 


A 


ZEROS 


EL 


s 




^^^^^^^^^^^ 


1 1 
CMD = 0 
1 1 


LINK OFFSET 



0 

(STATUS) 



(COMMAND) 



231246-10 



Figure 11. The NOP Command Block 
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lA-SETUP 

This command loads the 82586 with the Individual 
Address. This address is used by the 82586 for rec- 



ognition of Destination Address during reception and 
insertion of Source Address during transmission. 

The lA-SETUP command includes the following 
fields: 



15 ODD BYTE 



EVEN BYTE 0 



EL 



I I 

CMD= 1 
-I L- 



LINK OFFSET 



2ND BYTE 



NTH BYTE 



I 
I 
I 
I 

INDIVIDUAL ADDRESS 

I 
I 
I 
I 

. I 



0 

(STATUS) 



(COMMAND) 
4 



Figure 12. The lA-SETUP Command Block 



STATUS word (written by 82586). 



c 

B 

OK 
A 


(Bit 15) 
(Bit 14) 
(Bit 13) 
(Bit 12) 


• Command Completed 

• Busy Executing Command 

• Error Free Completion 

• Command Aborted 


COMMAND word: 


EL 

S 

1 

CMD 


(Bit 15) 
(Bit 14) 
(Bit 13) 
(Bits 0-2) 


• End of Command List 

• Suspend After Completion 

• Interrupt After Completion 

• lA-SETUP = 1 



LINK OFFSET: Address of next Command Block 

INDIVIDUAL ADDRESS: Individual Address param- 
eter 



The CONFIGURE command includes the following 
fields: 



STATUS word (written by 82586): 



c 


(Bit 15) 


• Command Completed 


B 


(Bit 14) 


• Busy Executing Command 


OK 


(Bit 13) 


• Error Free Completion 


A 


(Bit 12) 


• Command Aborted 


COMMAND word: 


EL 


(Bit 15) 


• End of Command List 


S 


(Bit 14) 


• Suspend After Completion 


1 


(Bit 13) 


• Interrupt After Completion 


CMD 


(Bits 0-2) 


• Configure = 2 



The least significant bit of the Individual Address pa- 
rameter must be zero for IEEE 802.3/Ethernet. 
However, no enforcement of 0 is provided by the 
82586. Thus, an Individual Address with least signifi- 
cant bit 1 , is possible. 



CONFIGURE 

The CONFIGURE command is used to update the 
82586 operating parameters. 



LINK OFFSET: Address of next Command Block 



Byte 6-7: 



BYTE CNT 



(Bits 0-3) 



• Byte Count, Number of 
bytes including this one, 
holding the parameters to 
be configured. A number 
smaller than 4 is 
interpreted as 4. A 
number greater than 1 2 is 
interpreted as 1 2. 
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c 


B 


OK 


A 


ZER6S 


EL 


S 


1 






I > 

CMD = 2 
i > 
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1 i 1 
FIFO LIM 




1 1 1 

BYTE CNT 
1 1 1 
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\ 
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— H 1 
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MET 




1 
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1 




1 1 
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1 1 




1 1 

RETRY NUM 




SLT TM (H) 


SLOT TIME (L) 


CDT 
SRC 


1 h— 

CDTF 
• • 


CRS 
SRC 


\ 1 

CRSF 
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16 


NCRC 
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TONO 
CRS 
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DIS 


PRM 




MIN FRM LEN 



Figure 13. The CONFIGURE Command Block 



FIFO-LIM 


(Bits 8-11) 


• Value of FIFO 






Threshold. 



Byte 8-9: 



SRDY/ARDY 


(Bit 6) 






0 


• SRDY/ARDY pin 






operates as ARDY 






(internal 






synchronization). 




1 


• SRDY/ARDY pin 






operates as SRDY 






(external 






synchronization). 


SAV-BF 


(Bit 7) 






0 


• Received bad 






frames are not saved 






in memory, 




1 


• Received bad 






frames are saved in 






memory. 


ADD-LEN 


(Bits 8-10) 


• Number of address 






byes. NOTE: 7 is 






interpreted as 0. 


AL-LOC 


(Bit 11) 






0 


• Address and Length 






Fields separated 






from data and 






associated with 






Transmit Command 






Block or Receive 






Frame Descriptor. 






For transmitted 






Frame, Source 






Address is inserted 






by the 82586. 





1 


• Address and Length 
Fields are part of the 
Transmit/ Receive data 
buffers, including 
Source Address (which 
is not inserted by the 
82586). 


PREAM- 


(Bits 


• Preamble Length 


LEN 


12-13) 


including Beginning of 
Frame indicator: 

00 - 2 bytes 

01 - 4 bytes 
10 -8 bytes 
11 -16 bytes 


INT-LPBCK 


(Bit 14) 


• Internal Loopback 


EXT-LPBCK 


(Bit 15) 


• External Loopback. 
NOTE: Bits 14 and 15 
configured to 1 , cause 
Internal Loopback. 


Byte 10-11: 


LIN-PRIO 


(Bits 0-2) 


• Linear Priority 


ACR 


(Bits 4-6) 


• Accelerated Contention 
Resolution (Exponential 
Priority) 


BOF-MET 


(Bit 7) 


• Exponential Backoff 
Method 

0 - IEEE 802.3/Ethernet 

1 ~ Alternate Method 



1-16 



irrteT 



INTER 


(Bits 8-15) 


• Number indicating 


FRAME 




the Interframe 


SPACING 




Spacing in TxC 






period units. 



Byte 12-13: 



SLOT- 


(Bits 0-7) 


• Slot Time Number, 


TIME (L) 




Low Byte 


SLT-TM (H) 


(Bits 8-10) 


• Slot Time Number, 






High Bits 


RETRY- 


(Bits 


• Maximum Number of 


NUM 


12-15) 


Transmission Retries 




on Collisions 


Byte 14-15: 


r nM 




• Promiscuous Mode 


DO nic 
DV^-UiO 


(bit 1 ; 


* Droaocasi uisauie 


MANUn/ 


(Bit 2) 


• Manchester or NRZ 


NRZ 




• Encoding/ Decoding 




0 


• NRZ 




1 


• Manchester 


TONO-CRS 


(Bit 3) 


• Transmit on No 






Carrier Sense 




0 


• Cease Transmission 






if CRS Goes Inactive 






During Frame 






Transmission 




1 


• Continue 






Transmission Even if 






no Carrier Sense 


NCRC-INS 


/OS* A\ 

(Bit 4) 


• No CRC Insertion 


CRC-16 


(Bit 5) 


• CRC Type: 




0 


• 32 bitAutodinllCRC 






Polynomial 




1 


• 16bitCCITTCRC 






Polynomial 


BT-STF 


(Bit 6) 


• Bitstuffing: 




0 


• End of Carrier Mode 






(Ethernet) 




1 


• HDLC like Bitstuffing 






Mode 


PAD 


(Bit 7) 


• Padding 




0 


• No Padding 




1 


• Perform Padding by 






Transmitting Flags 






for Remainder of 






Slot Time 


CRSF 


(Bits 8-9) 


• Carrier Sense Filter 






in Bit Times 


CRS-SRC 


(Bit 11) 


• Carrier Sense 






Source 




0 


• External 




1 


• Internal 



CDTF 


(Bits 


• Collision Detect 




12-14 


Filter in Bit Times 


CDT-SRC 


(Bit 15) 


• Collision Detect 






Source 




0 


• External 




1 


• Internal 


Byte 16: 


MIN-FRM- 


(Bits 0-7) 


• Minimum Number of 






Bytes in a Frame 



CONFIGURATION DEFAULTS 

The default values of the configuration parameters 
are compatible with the IEEE 802.3/Ethernet Stan- 
dards. RESET configures the 82586 according to 
the defaults shown in Table 2. 



Table 2. 82586 Default Values 



Preamble Length (Bytes) 




o 
o 


Address Length (Bytes) 




6 


Broadcast Disable 




0 


CRC-16/CRC-32 




0 


No CRC Insertion 




0 


Bitstuffing/EOC 




0 


Padding 




0 


Min-Frame-Length (Bytes) 




64 


Interframe Spacing (Bits) 




96 


Slot Time (Bits) 




512 


Number of Retries 




15 


Linear Priority 




0 


Accelerated Contention Resolution 




0 


Exponential Backoff Method 




0 


Manchester/NRZ 




0 


Internal CRS 




0 


CRS Filter 




0 


Internal CDT 




0 


CDT Filter 




0 


Transmit On No CRS 




0 


FIFO THRESHOLD 




8 


srdy/Ardy 




0 


Save Bad Frame 




0 


Address/ Length Location 




0 


INT Loopback 




0 


EXTLoopback 




0 


Promiscuous Mode 




0 
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15 ODD BYTE 



EVEN BYTE 0 



c 


B 


OK 


A 


ZEROS 


EL 


S 


1 




1 1 
CMD = 3 
1 1 


LINK OFFSET 




MC-CNT 




2ND BYTE 
NTH BYTE 




1 
1 
1 

MC-ID 
1 
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ADDITIONAL MC-ID'S 



0 

(STATUS) 



(COMMAND) 
4 

6 

MC LIST 
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Figure 14. The MC-SETUP Command Block 



MC-SETUP 



This command sets up the 82586 with a set of Mufti- 
cast Addresses. Subsequently, incoming frames 
with Destination Addresses from this set ai'e accept- 
ed. 

The MC-SETUP command Includes the following 
fields: 



Issuing a MC-SETUP command with MC-CNT =0 
disables reception of any incoming frame with a Mul- 
ticast Address. 

MC-LIST: A list of Multicast Addresses to be accept- 
ed by the 82586. Note that the most significant byte 
of an address is followed immediately by the least 
significant byte of the next address. Note also that 
the least significant bit of each Multicast Address in 
the set must be a one. 



STATUS word (written by 82586): 



C 


(Bit 15) 


• Command Completed 


B 


(Bit 14) 


• Busy Executing 






Command 


OK 


(Bit 13) 


• Error Free Completion 


A 


(Bit 12) 


• Command Aborted 


COi\/iiViAND word: 


EL 


(Bit 15) 


♦ End of Command List 


S 


(Bit 14) 


• Suspend After 






Completion 


1 


(Bit 13) 


• Interrupt After 






Completion 


CMD 


(Bits 0-2) 


• MC-SETUP = 3 



LiNK OFFSET: Address of next Command Block 



i\/IC-CNT: A 14-bit field indicating the number of 
bytes in the MC-LIST field. MC-CNT is truncated to 
the nearest multiple of Address Length (in bytes). 



The Transmit-Byte-Machine maintains a 64-bit 
HASH table used for checking Multicast Addresses 
during reception. 

An incoming frame is accepted if it has a Destination 
Address whose least significant bit is a one, and af- 
ter hashing points to a bit in the HASH table whose 
value is one. The hash function is selecting bits 2 to 
7 of the CRC register. RESET causes the HASH ta- 
ble to become all zeros. 

After the Transmit-Byte-Machine reads a MC-SET- 
UP command from TX-FIFO, it clears the HASH ta- 
ble and reads the bytes in groups whose length is 
determined by the ADDRESS length. Each group is 
hashed using CRC logic and the bit in the HASH 
table to which bits 2-7 of the CRC register point is 
set to one. A group that is not complete has no ef- 
fect on the HASH table. Transmit-Byte-Machine noti- 
fies CU after completion. 
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Figure 15. The Transmit Command Block 



TRANSMIT 

The TRANSMIT command causes transmission 
(and if necessary retransmission) of a frame. 

TRANSMIT CB includes the following fields: 



STATUS word (written by 82586): 



c 


(Bit 15) 


• Command Completed 


B 


(Bit 14) 


• Busy Executing 
Command 


OK 


(Bit 13) 


• Error Free Completion 


A 


(Bit 12) 


• Command Aborted 


S10 


(Bit 10) 


• No Carrier Sense signal 
during transmission 
(between beginning of 
Destination Address and 
end of Frame Check 
Sequence). 


S9 


(Bit 9) 


• Transmission 
unsuccessful (stopped) 
due to loss of Clear-to- 
Send signal. 


S8 


(Bit 6) 


• Transmission 
unsuccessful (stopped) 
due to DMA underrun, 
(i.e. data not supplied 
from the sytem for 
transmission). 


S7 


(Bit 7) 


• Transmission had to 
Defer to traffic on the link. 



S6 


(Bite) 


• Heart Beat, indicates that 
during Interframe 
Spacing period after the 
previous transmission, a 
pulse was detected on 
the Collision Detect pin. 


S5 


(Bit 5) 


• Transmission attempt 
stopped due to number of 
collisions exceeding the 
maximum number of 
retries. 


MAX- 


(Bits 3-0) 


• Number of Collisions 


COLL 




experienced by this 
frame. S5 - 1 and MAX- 
COLL = 0 indicates that 
there were 16 collisions. 


COMMAND word: 


EL 


(Bit 15) 


• End of Command List 


S 


(Bit 14) 


• Suspend After 
Completion 


1 


(Bit 13) 


• Interrupt After 
Completion 


CMD 


(Bits 0-2 ) 


• TRANSMIT = 4 



LINK OFFSET: Address of next Command Block 

TBD OFFSET: Address of list of buffers holding the 
information field. TBD-OFFSET = OFFFFH indi- 
cates that there is no Information field. 

DESTINATION ADDRESS: Destination Address of 
the frame. 



LENGTH FIELD: Length field of the frame. 
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STATUS word: 



EOF 




• indicates that this is the 
Buffer Descriptor of th6 
last buffer Qf this frame's 
Information Field. 


ACT- 


(Bits P- 13) 


• Actual number of data 


COUNT 


bytes in buffer (can be 
even or odd). 



er measures the time elapsed from transmission 
start until 'echo' is obtained. 'Echo' is indicated by 
Collision Detect going active or Carrier Sense signal 
drop. 

TDR command includes the following fields: 



STATUS word (written by 82586): 



NEXT BD OFFSET: points to next Buffer Descriptor 
in list. If EOF is set, this field is meaningless. 

BUFFER ADDRESS: 24-bit absolute address of 
buffer. 



TIME DOMAIN REFLECTOMETER - 
TDR 

This command performs a Time Domain Reflectom- 
eter test on the serial link. By performing th^ Com- 
mand, the user is able to identify shorts or opens 
and their location. Along with transmission of 'All 
Ones,' the 82686 triggers an internal timer. The tim- 



C 


(Bit 15) 




• Command Completed 


B 


(Bit 14) 




• Busy Executing Command 


OK 


(Bit 13) 




• Error Free Completion 


COMMAND word: 


EL 


(Bit 15) 




• End of Command List 


S 


(Bit 14) 




• Suspend After Completion 


1 


(Bit 13) 




• Interrupt After Completion 


CMD 


(Bits 0-2) 




• TDR - 5 



15 ODD BYTE 



EVEN BYTE 0 



EOF 




I ■ \ ' 1 T - T'" 1 T~ -"T 1 1 1 1 I — 

ACT COUNT 

1 i 1 1 i 1 1 1 1 1 i i 1 
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Figure 16. The Transmit Buffer Description 
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Figure 17, The TDR Command Biocl( 



1-20 



intef 



82586 



LINK OFFSET: Address of next Command Block 



RESULT word: 



STATUS word (written by 82586): 



LNK-OK 


(Bit 15) 


• No Link Problem 
Identified 


XCVR-PRB 


(Bit 14) 


• Transceiver Cable 
Problem identified (valid 
only in the case of a 
Transceiver that does not 
return Carrier Sense 
during transmission). 


ET-OPN 


(Bit 13) 


• Open on the link 
identified (valid only in 
the case of a Transceiver 
that returns Carrier Sense 
during transmission). 


ET-SRT 


(Bit 12) 


• Short on the link 
identified (valid only in 
the case of a Transceiver 
that returns Carrier Sense 
during transmission). 


TIME 


(Bits 0-10) 


• Specifying the distance to 
a problem on the link (if 
one exists) in transmit 
clock cycles. 



DUMP 

This command causes the contents of over a hun- 
dred bytes of internal registers to be placed in mem- 
ory. It is supplied as a self diagnostic tool, as well as 
to supply registers of interest to the user. 

DUMP command includes the following fields: 



c 

B 

OK 


(Bit 15) 
(Bit 14) 
(Bit 13) 


• Command Completed 

• Busy Executing Command 

• Error Free Completion 


COMMAND word: 


EL 

S 

1 

CMD 


(Bit 15) 
(Bit 14) 
(Bit 13) 
(Bits 0-2) 


• End of Command List 

• Suspend After Completion 

• Interrupt After Completion 

• DUMP = 6 



LINK OFFSET: Address of next Command Block 

BUFFER OFFSET: This word specifies the offset 
portion of the memory address which points to the 
top of the buffer allocated for the dumped registers 
contents. The length of the buffer is 1 70 bytes. 



DUMP AREA FORMAT 

Figure 18 shows the format of the DUMP area. The 
fields are as follows: 

Bytes OOH to OAH: These bytes correspond to the 
82586 CONFIGURE command field. 

Bytes OCH to 11H: The Individual Address Register 
content. lARO is the Individual Address least signifi- 
cant byte. 

Bytes 12H to 13H: Status word of last command 
block (only bits 0-13). 
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Figure 18. The DUMP Command Block 
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Bytes 14H to 17H: Content of the Tmnsmit CRC 
generator. TXCRCRO is the least significant byte. 
The contents are deperident on the activity before 
the DUIVIP command: 

After RESET - 'All Ones.' 

After successful transmission - 'All Zeros'. 

After MC-SETUP command - Generated CRC value 
of the last MC address, 6n MC-LIST. 

After unsuccessful transmission, depends on where 
it stopped. 

NOTE: 

For 16-bit CRC only TXCRCRO and TXCRCR1 are 
valid. 
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Bytes 18H to 1BH: Contents of Receive CRC 
Checker. RXCRCRO is the least significant byte. 
The contents are dependent on the activity per- 
formed before the DUMP command: 

After RESET - 'All Ones.' 

After good frame reception— 

1. For CRC-CCITT - OlDOFH 

2. For CRC-Autodin-ll - C704DD7BH 

After Bad Frame reception - corresponds to the re- 
ceived information. 

After reception attempt, i.e. unsuccessful check for 
address match, corresponds to the CRC performed 
on the frame address. 

NOTE: 

Any frame on the serial link modifies this register 
contents. 

Bytes 1CH to 21 H: Temporary Registers. 

Bytes 22H to 23H: Receive Status Register. Bits 6, 
7, 8, 10, 11 and 13i assume the same meaning as 
corresponding bits in the Receive Frame Descriptor 
Status field. 

Bytes 24H to 2BH: HASH TABLE. 

Bytes 2CH to 2DH: Status bits of the last time TOR 
command that was performed. 

NXT-RB-SIZE: Let N be the last buffer of the last 
received frame, then NXT-RB-SIZE is the number of 
bytes of available Jn the N + 1 buffer. EL - The EL 
bit of the Receive Buffer Descriptor. 

NXT-RB-ADR: Let N be the last Receive Buffer 
used, then NXT-RB-ADR is the BUFFER-ADDRESS 
field in the N + 1 Receive-Buffer Descriptor, i.e. the 
pointer to the N + 1 Receive Buffer. 

CUR-F)B-SIZE: The number of bytes in the last buff- 
er of the last received frame. EL - The EL bit of the 
last buffer in the last received frame. 

LA-RBD-ADR: Look Ahead Buffer Descriptor, i.e. 
the pointer to N + 2 Receiver Buffer Descriptor. 

NXT-RBD-ADR: Next Receive Buffer Descriptor Ad- 
dress. Similar to LA-RBD-ADR but points to N + 1 
Receive Buffer Descriptor. 

CUR-RBD-ADR: Current Receive Buffer Descriptor 
Address. Similar to LA-RBD-ADR, but point to Nth 
Receive Buffer Descriptor. 



CUR-RB-EBC: Current Receive Buffer Empty Byte 
Count Let N be the currently used Receive Buffer. 
Then CUR-RB-EBC indicates the Empty part of the 
buffer, i.e. the ACT-COUNT of buffer N is given by 
the difference between its SIZE and the CUR-RB- 
EBC. 

NXT-FD-ADR: Next Frame Descriptor Address. De- 
fine N as the last Receive Frame Descriptor with bits 
C = 1 and B = 0, then NXT-FD-ADR is the address 
of N + 2 Receive Frame Descriptor (with B = C = 
0) and is equal to the LINK-ADDRESS field in N + 1 
Receive Frame Descriptor. 

CUR-FD"ADR: Current Frame Descriptor Address. 
Similar to next NXT-FD-ADR but refers to N + 1 
Receive Frame Descriptor (with B = 1 , C = 0). 

Bytes 54H to 55H; Temporary register. 

NXT-TB-CNT: Next Transmit Buffer Count. Let N be 
the last transmitted buffer of the TRANSMIT com- 
mand executed recently, the NXT-TB-CNT is the 
AqT-COUNT field in the Nth Transmit Buffer De- 
scriptor. EOF - Corresponds to the EOF bit of the 
Nth Transmit Buffer Descriptor. EOF = 1 indicates 
that the last buffer accessed by the 82586 during 
Transmit was the last Transmit Buffer in the data 
buffer chain associated with the Transmit Com- 
mand. 

BUF-ADR: Buffer Address. The BUF-PTR field in the 
DUMP-STATUS Command Block. 

NXT-TB*AD-L: Next Transmit Buffer Address Low. 
Let N be the last Transmit Buffer in the transmit buff- 
er chain of the TRANSMIT Command performed 
recently, then NXT-TB-AD-L are the two least signifi- 
cant bytes of the Nth buffer address. 

LA-TB-ADR: Look Ahead Transmit Buffer Descrip- 
tor Address. Let N be the last Transmit Buffer in the 
transmit buffer chain of the TRANSMIT Command 
performed recently, then LA-TBD-ADR is the NEXT- 
BD-ADDRESS field of the Nth Buffer Descriptor. 

NXT-TBD-ADR: Next Transmit Buffer Descriptor 
Address. Similar in function to LA-'TBD-ADR but re- 
lated to Transmit Buffer Descriptor N-1 . Actually, it is 
the address of Transmit Buffer Descriptor N. 

Bytes 60H, 61 H: This is a copy of the 2nd word in 
the DUMP-STATUS command presently executing. 

NXT-CB-ADR: Next Command Block Address. The 
UNK-ADDRESS field in the DUMP Command Block 
presently executing. Points to the next command. 

CUR-CB-ADR: Current Command Block Address. 
The address of the DUMP Command Block currently 
executing. 
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SCB-ADR: Offset of the System Control Block 
(SCB). 

Bytes 7EH, 7FH: 

RU-SUS-RQ (Bit 4) - Receive Unit Suspend Re- 
quest. 

Bytes BOH, 81 H: 

CU-SUS-RQ (Bit 4) - Command Unit Suspend Re- 
quest. 

END-OF-CBL (Bit 5) - End of Command Block List. If 
"1" indicates that DUMP-STATUS is the last com- 
mand in the command chain. 

ABRT-IN-PROG (Bit 6) - Command Unit Abort Re- 
quest. 

RU-SUS-FD (Bit 12) - Receive Unit Suspend Frame 
Descriptor Bit. Assume N is the Receive Frame De- 
scriptor used recently, then RU-SUS-FD is equiva- 
lent to the S bit of N + 1 Receive Frame Descriptor. 



Bytes 82H, 83H: 

RU-SUS (Bit 4) - Receive Unit in SUSPENDED state. 

RU-NRSRC (Bit 5) - Receive Unit in NO RESOURC- 
ES state. 

RU-RDY (Bit 6) - Receive Unit in READY state. 
RU-IDL (Bit 7) - Receive Unit in IDLE state. 
RNR (Bit 12) - RNR Interrupt in Service bit. 
CNA (Bit 13) - CNA Interrupt in Service bit. 
FR (Bit 14) - FR Interrupt in Service bit. 
CX (Bit 15) - CX Interrupt in Service bit. 



Bytes 90H to 93H: 

BUF-ADR-PTR - Buffer pointer is the absolute ad- 
dress of the bytes following the DUMP Command 
block. 



Bytes 94H to 95H: 

RCV-DMA-BC - Receive DMA Byte Count. This field 
contains number of bytes to be transferred during 
the next Receive DMA operation. The value de- 
pends on AL-LOCation configuration bit. 



1. If AL-LOCation == 0 then RCV-DMA-BC - (2 
times ADDR-LEN plus 2) if the next Receive 
Frame Descriptor has already been fetched. 

2. If AL-LOCation = 1 then it contains the size of 
the next Receive Buffer. 

BR + BUF-PTR + 96H - Sum of Base Address plus 
BUF-PTR field and 96H. 

RCV-DMA-ADR - Receive DMA absolute Address. 
This is the next RCV-DMA start address. The value 
depends on AL-LOCation configuration bit. 

1. If AL-LOCation = 0, then RCV-DMA-ADR is the 
Destination Address field located in the next Re- 
ceive Frame Descriptor. 

2. If AL-LOCation = 1, then RCV-DMA-ADR is the 
next Receive Data Buffer Address. 



The following nomenclature has been used in the 
DUMP table: 



0 


• The 82586 writes zero in this location. 


1 


• The 82586 writes one In this location. 


X 


• The 82586 writes zero or one in this 




location. 


/// 


• The 82586 copies this location from the 




corresponding position in the memory 




structure. 



DIAGNOSE 

The DIAGNOSE Command triggers an internal self 
test procedure of backoff related registers and coun- 
ters. 

The DIAGNOSE command includes the following: 



STATUS word (written by 82586): 



c 


(Bit 15) 


• Command Completed 


B 


(Bit 14) 


• Busy Executing 






Command 


OK 


(Bit 13) 


• Error Free Completion 


FAIL 


(Bit 11) 


• Indicates that the Self 






Test Procedured Failed 


COMMAND word: 


EL 


(Bit 15) 


• End of Command List 


S 


(Bit 14) 


• Suspend After 






Completion 


1 


(Bit 13) 


• Interrupt After 






Completion 


CMD 


(Bits 0-2) 


• DIAGNOSE = 7 



LINK OFFSET: Address of next Command Block. 
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Figure 20. The DIAGNOSE Command Block 
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Figure 21. The Receive Frame Area 



RECEIVE FRAME AREA (RFA) 

The Receive Frame Area, RFA, is prepared by the 
host CPU, data is placed into the RFA by the 82586 
as frames are received. RFA consists of a list of 
Receive Frame Descriptors (FD), each of which Is 
associated with a frame. RFA-OFFSET field of SCB 
points to the first FD of the chain; the last FD is 
identified by the End-of-Listing flag (EL). See Figure 
21. 



FRAME DESCRIPTOR (FD) FORMAT 

The FD includes the following fields: 

STATUS word (set by the 82586): 



c 


(Bit 15) 


• Completed Storing 






, Frame. 


B 


(Bit 14) 


• FD was Consumed by 






RU. 
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Figure 22. The Frame Descriptor (FD) Format 



OK 


(Bit 13) 


• Frame received 
successfully. If this bit Is 
set, then all others will be 
reset; if It is reset, then 
the other bits will indicSite 
the nature of the error. 


S11 


(Bit 11) 


• Received Frame 
Experienced CRC Error. 


S10 


(Bit 10) 


• Received Frame 
Experienced an 
Alignment Error. 


S9 


(Bit 9) 


• RU ran out of resources 
during reception of this 
frame. 


S8 


(Bit 8) 


• RCV-DMA Overrun. 


S7 


(Bit?) 


• Received frame had 
fewer bits than 
configured Minimum 
Frame Length. 


S6 


(Bite) 


• No EOF flag detected 
(only when configured to 
Bitstuffing). 


COMMAND word: 


EL 


(Bit 15) 


* Last FD in the List. 


S 


(Bit 14) 


• RU should be suspended 
after receiving this frame. 



LINK OFFSET: Address of next FD in list. 

RBD-OFFSET: (initially prepared by the CPU and lat- 
er may be updated by 82586): Address of the first 
RBD that represents the Information Field. RBD- 
OFFSET = OFFFFH means there is no Information 
Field. 

DESTINATION ADDRESS (written by 82586): 

Contains Destination Address of received frame. 
The length in bytes, it is determined by the Address 
Length configuration parameter. 

SOURCE ADDRESS (written by 82586): Contains 
Source Address of received frame. Its length is the 
same as DESTINATION ADDRESS. 

LENGTH FIELD (written by 82586): Contains the 2 
byte Length or Type Field of received frame. 



RECEIVE BUFFER DESCRIPTOR 
FORMAT 

The Receive Buffer Descriptor (RBD) holds informa- 
tion about a buffer; size and location, and the means 
fpr forming a chain of RBDs, (fonA^ard pointer and 
ehd-of -frame indication). 

The Buffer Descriptor contains the following fields. 
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Figure 23. The Receive Buffer Descriptor (RBD) Format 
STATUS word (written by the 82586). 



EOF 


(Bit 15) 


• Last buffer in received 






frame. 


F 


(Bit 14) 


• ACT COUNT field is valid. 


ACT 


(Bits 0-13) 


• Number of bytes in the 


COUNT 




buffer that are actually 






occupied. 



BUFFER ADDRESS: 24-bit absolute address of 
buffer. 



EL/SiZE: 



NEXT RBD OFFSET: Address of next BD in list of 
BO'S. 



EL 


(BIT 15) 


• Last BD in list. 


SIZE 


(Bits 0-13) 


• Number of bytes the 






buffer is capable of 






holding. 
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* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This Is a stress rating only and 
functional operation of the device at these or any 
other conditions above those Indicated in the opera- 
tional sections of this specification Is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS 

Ta = 0°C to TO^'C, Tc == 0*^0 to 105X, Vqc = 5V ±10%, CLK has MOS levels (See Vmiu Vmih. Vmou 
Vmoh)- TxQ and RxC have 82C501 compatible levels (Vmiu Vtih. Vrih). All other signals have TTL levels (see 
Vib V|H, Vol. oh)- 



Svmbol 


r Cil CilllVliwI 


Min 


Max 


Units 


Tfi^t Conflitionfi 


V|L 


Input Low Voltage (TTL) 


-0.5 


+ 0.8 


V 




V|H 


Input High Voltage (TTL) 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage (TTL) 




0.45 


V 


Iql = 2.5 rnA 


VOH 


Output High Voltage (TTL) 


2.4 




V 


lOH - 400 \xk 


Vmil 


Input Low Voltage (MOS) 


-0.5 


0.6 


V 




Vmih 


Input High Voltage (MOS) 


3.9 


Vcc + 0.5 


V 




Vtih 


Input High Voltage (TxC) 


3.3 


Vcc + 0.5 


V 




Vrih 


Input High Voltage (R)<C) 


3.0 


Vcc + 0.5 


V 




Vmol 


Output Low Voltage (MOS) 




0.45 


V 


Iql 2.5 mA 


Vmoh 


Output High Voltage (MOS) 


Vcc - 0.5 




V 


Iqh - 400 juA 


Ili 


Input Leakage Current 




±10 


JLtA 


0 ^ V|N ^ Vcc 


Ilo 


Output Leakage Current 




±10 


fiA 


0.45 <. VouT ^ Vcc 


C|N 


Capacitance of Input Buffer 




10 


PF 


FC = 1 MHz 


COUT 


Capacitance of Output Buffer 




20 


PF 


FC = 1 MHz 


Ice 


Power Supply Current 




550 
450 


mA 


Ta = OX 
Ta = 70X 



ABSOLUTE MAXIMUM RATINGS'^ 

Ambient Temperature Under Bias 0**C to 70X 

Storage Temperature -65**C to 150-0 

Voltage on Any Pin with 
Respect to Ground - 1 .OV to + 7V 

Power Dissipation 3.0 Watts 



1-28 




82586 



SYSTEM rNTERFACE A.C. TIMING CHARACTERISTICS 

Ta = 0**C to 70*'C, Tc = 0"C to lOSX, Vqc = 5V ±10%. Figures 24 and 25 define how the measurements 
should be done. 



INPUT AND OUTPUT WAVEFORMS FOR A.C. TESTS 



^^1.5 TEST POINTS ^'^^^ 

231246-25 

AC Testing Inputs are Driven at 2.4V for a Logic 1 and 0.45 for a Logic 0. Timing nneasurements are made at 1 .5V for both a Logic 1 and 0 

Figure 24. TTL Input/Output Voltage Levels for Timing Measurements 




1^ T1 ► 

231246-26 

MOS I/O measurements are tal<en at 0.1 and 0.9 of the voltage swing 



Figure 25. System Clock CMOS Input Voltage Levels for Timing Measurements 
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INPUT TIMING REQUIREMENTS* 



Symbol 


Parameter 


82586-6 
(6 MHz) 


82586 
(8 MHz) 


82586-10 
(10 MHz) 


Comments 






MIn 


Max 


Min 


Max 


Min 


Max 




11 


CLK Cycle Period 


166 


2000 


125 


2000 


100 


200 




T2 


CLK Low Time at 1 .5V 


73 


1000 


55 


1000 


44 


1000 




13 


CLK Low Time at 0.9V 






42.5 


1000 


42.5 


1000 




14 


CLK High Time at 1 .5V 


73 




55 




44 






15 


CLK High Time at 3.6V 






42.5 




42.5 






T6 


CLK Rise Time 




15 




15 




12 


Note 1 


17 


CLK Fall Time 




15 




15 




12 


Note 2 


18 


Data in Setup Time 


20 




20 




15 






T9 


Data in Hold Time 


10 




10 




10 






T10 


Async RDY Active Setup Time 


20 




20 




15 




Note 3 


Til 


Async RDY Inactive Setup Time 


35 




35 




25 




Note 3 


T12 


Async RDY Hold Time 


15 




15 




15 




Note 3 


T13 


Synchronous Ready/ Active Setup 


35 




35 




35 






11 4 


Synchronous Ready Hold Time 


0 




0 




0 






115 


HLDA Setup Time 


20 




20 




20 




Note 3 


TIB 


HLDA Hold Time 


10 




10 




5 




Note 3 


T17 


Reset Setup Time 


20 




20 




20 




Note 3 


TIB 


Reset Hold Time 


10 




10 




10 




Note 3 


T19 


CA Pulse Width 


1 T1 




1 T1 




1 T1 






T20 


CA Setup Time 


20 




20 




20 




Note 3 


T21 


CA Hold Time 


10 




10 




10 




Note 3 


OUTPUT TIMINGS** 


Symbol 


Parameter 


Min 


Max 


Min 


Max 


Min 


Max 


Comments 


T22 


DT/R Valid Delay 


0 


60 


0 


60 


0 


44 




T23 


WR, den Active Delay 


0 


70 


0 


70 


0 


56 




T24 


WR, DEN Inactive Delay 


10 


65 


10 


65 


10 


45 




125 


Int. Active Delay 


0 


B5 


0 


B5 


0 


70 


Note 4 


126 


Int. Inactive Delay 


0 


B5 


0 


85 


0 


70 


Note 4 


T27 


Hold Active Delay 


0 


85 


0 


B5 


0 


70 


Note 4 


T2B 


Hold Inactive Delay 


0 


B5 


0 


B5 


0 


70 


Note 4 


T29 


Address Valid Delay 


0 


55 


0 


55 


0 


50 




T30 


Address Float Delay 


0 


50 


0 


50 


12 


50 




T31 


Data Valid Delay 


0 


55 


0 


55 


0 


50 


Note 7 


T32 


Data Hold Time 


0 




0 




0 






T33 


Status Active Delay 


10 


60 


10 


60 


10 


45 
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OUTPUT TIMINGS** (Continued) 







82582-6 


82586 


82586-10 




Symbol 


Parameter 


(6 MHz) 


(8 MHz) 


(10 MHz) 


Comments 






Min 


Max 


Min 


Max 


Min 


Max 




T34 


Status Inactive Delay 


10 


70 


10 


70 


10 


50 


Note 8 


T35 


ALE Active Delay 


0 


45 


0 


45 


0 


35 


Note 5 


T36 


ALE Inactive Delay 


0 


45 


0 


45 


0 


37 


Note 5 


T37 


ALE Width 


12-10 




12-10 




12-10 




Note 5 


T38 


Address Valid to ALE Low 


12-40 




12-30 




T2-25 






T39 


Address Hold to ALE Inactive 


T4-10 




14-10 




T4-10 






T40 


RD Active Delay 


10 


95 


10 


95 


10 


95 




T41 


RD Inactive Delay 


10 


70 


10 


70 


10 


70 




1 4^: 


riu wiatn 


2T1-50 




2T1-50 




2T1-46 






T43 


Address Float to RD Active 


10 




10 




0 






T44 


RD Inactive to Address Active 


T1-40 




T1-40 




T1-34 






T45 


WR Width 


2T1 -40 




2T1 -40 




2T1-34 






T46 


Data Hold After WR 


12-25 




T2-25 




12-25 






T47 


Control Inactive After Reset 


0 


60 


0 


60 


0 


60 


Note 6 



*AII units are in ns. 

**CL on all outputs is 20-200 pF unless othen/vise specified. 

NOTES: 

1.1.0V to 3.5V 

2. 3.5V to 1.0V 

3. To guarantee recognition at next clock 

4. CL = 50 pF 

5. CL = 100 pF 



6. Affects: 

IVIIN MODE: RD, WR, DT/R, DEN 
MAX MODE: SO, ^ 

7. High address lines (A16-A24, BHE) become valid one 
clock before T1 only on first memory cycle after the 82586 
acquired the bus. 

8. S1 , SO go inactive just prior to T4. 




Figure 26. INT Output Timing 



Figure 27. CA Input Timing 
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Figure 28. RESET Timing 
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Figure 29. ARDY and SRDY Timings Relative to CLK 
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Figure 30. HOLD/HLDA Timing Relative to GLK 
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Figure 31. Read Cycle Timing 
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Figure 32. Write Cycie Timing 
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SERIAL INTERFACE A.C. TIMING 
CHARACTERISTICS 

CLOCK SPECIFICATION 

Applies for TxC, RxC for NRZ: 
f min = 100 kHz ± 100 ppm 
f max = 10 MHz ± 100 ppm 



A.C. CHARACTERISTICS 

TRANSMIT AND RECEIVE TIMING PARAMETER SPECIFICATION' 



Symbol 


Parameter 


Min 


Max 


Comments 


TRANSMIT CLOCK PARAMETERS 


T48 


TxC Cycle 


100 


1000 


Notes 14. 2 


148 


TxC Cycle 


100 




Notes 14, 3 


149 


TxC Rise Time 




5 


Note 14 


T50 


TxC Fall Time 




5 


Note 14 


151 


TxC High Time @ 3.0V 


40 


1000 


Note 14 


T52 


TxC Low Time @0.9V 


40 




Notes 14, 4 


TRANSMIT DATA PARAMETERS 


153 


TxD Rise Time 




10 


Notes 5, 13 


154 


TxD Fall Time 




10 


Notes 5, 13 


T55 


TxD Transition-Transition 


Min (T51, 
T52) - 7 




Notes 2, 5 


T56 


TxC Low to TxD Valid 




40 


Notes 3, 5 


757 


TxC Low to TxD Transition 




40 


Notes 2, 5 


T58 


TxC High to TxD Transition 




40 


Notes 2, 5 


T59 


TxC Low to TxD High at the Transmission End 




40 


Note 5 


REQUEST TO SEND/CLEAR TO SEND PARAMETERS 


T60 


TxC Low to WTS Low. Time to Activate RTS 




40 


Note 6 


T61 


CTS Valid to TxC Low. CTS Setup Time 


45 






162 


TxC Low to CTS Invalid. CTS Hold Time 


20 




Note 7 


163 


TxC Low to RTS High, time to Deactivate RTS 




40 


Note 6 


RECEIVE CLOCK PARAMETERS 


164 


RxC Clock Cycle 


100 




Notes 15, 3 


165 


RxC Rise Time 




5 


Note 15 


166 


RxC Fall Time 




5 


Note 15 


167 


RxC High Time @ 2.7V 


36 


1000 


Note 15 


168 


RxC Low Time @0.9V 


40 




Note 15 



*AII units are in ns. 



for Manchester: 

f min = 500 kHz ± 100 ppm 
f max = 10 MHz ± 100 ppm 

for Manchester, symmetry is needed: 

151, T52 = ±5% 
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A.C. CHARACTERISTICS (Continued) 



TRANSMIT AND RECEIVE TIMING PARAMETER SPECIFICATION* (Continued) 



Symbol 


Parameter 


Min 


Max 


Comments 


RECEIVE DATA PARAMETERS 


T69 


RxD Setup Time 


30 




Notel 


170 


RxD Hold Time 


30 




Notel 


171 


RxD Rise Time 




10 


Notel 


T72 


RxD Fall Time 




10 


Notel 


CARRIER SENSE/COLLISION DETECT PARAMETERS 


173 


CDT Valid to TxC High Ext. Collision 
Detect Setup Time 


30 




Note 12 


T74 


TxC High to CDT Inactive. CDT Hold Time 


20 




Note 12 


T75 


CDT Low to Jamming Start 






Note 8 


T76 


CRS Valid to TxC High Ext. Carrier Sense Setup Time 


30 




Note 12 


T77 


TxC High to CRS Inactive. CRS Hold Time 


20 




Note 12 


T78 


CRS Low to Jamming Start 






Note 9 


T79 


Jamming Period 






Note 10 


T80 


CRS Inactive Setup Time to RxC High 
End of Receive Frame 


60 






T81 


CRS Active Hold Time from RxC High 


3 






INTERFRAME SPACING PARAMETER 


T82 


Inter Frame Delay 






Note 11 



*AII units are in ns. 



NOTES: 

1. TIL levels 

2. Manchester only 

3. NRZ only 

4. Manchester requires 50% duty cycle 

5. 1 TTL load + 50 pF 

6. 1 TTL load + 100 pF 

7. Abnormal end of transmission. GTS expires before RTS 

8. Programmable value: 

175 = NCDF X T48 + (12.5 to 23.5) X T48 if collision occurs after preamble 
NCDF — The collision detection filter configuration value 

9. Programmable value: 

T78 = NCSF X 148 + (12.5 to 23.5) X T48 
NCSF — ^The carrier sense filter configuration value 
TBD is a function of internal/external carrier sense bit 

10. T79 = 32 X 148 

1 1 . Programmable value: 
T82 = NIFS X T48 

NIFS — ^the IFS configuration value 
*12. To guarantee recognition on the next clock 

13. Applies to TTL levels 

14. 820501 compatible levels, see Figure 34 

15. 820501 compatible levels, see Figure 35 
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A.C. TIMING CHARACTERISTICS 



input and Output Waveforms for AC Tests 

^^1.5 TEST POINTS ^-^^^ 



231246-34 

AC testing inputs are driven at 2.4V for a Logic 1 and 0.45 for a Logic 0. Timing measurements are made at 1.5V for both a Logic 1 and 0. 



Figure 33. TTL Input/Output Voltage Levels for Timing Mieasurements 
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Figure 34. TxC Input Voltage Levels for Timing ly/leasurements 
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Figure 35. RxC Input Voltage Levels for Timing Measurements 
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Figure 36. Transmit and Controi and Data Timing 




Figure 38. CRS Timing Relative to RxC 
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82C501 AD ETHERNET SERIAL INTERFACE 



10 MHz Transmit Clock Generator 

Drives/Receives 802.3, AUI Cables 

Defeatable Watchdog Timer Circuit to 
Prevent Continuous 

Diagnostic Loopback for Network Node 
Fault Detection and Isolation 

Replaces 8 to 12 MSI Components 



■ CHMOS Replacement for Intel 82C501, 
82501 or SEEQ 8023A 

■ Conforms to IEEE 802.3 10BASE5 
(Ethernet) and 10BASE2 (Cheapernet) 
Specifications 

■ Direct Interface to the Intel LAN 
Controller and the Attachment Unit 
Interface (Transceiver) Cable 

■ 10 Mbps Operation 

■ Manchester Encoding/Decoding and 
Receive Clock Recovery 

The 82C501 AD Ethernet Serial Interface (ESI) chip is designed to work directly with the Intel LAN Controller in 
IEEE 802.3 (10BASE5 and 10BASE2), 10 Mbps, Local Area Network applications. The major functions of the 
82C501AD are to generate the 10 MHz transmit clock for the Intel LAN Controller, perform Manchester 
encoding/decoding of the transmitted/received frames, and provide the electrical interface to the Ethernet 
transceiver cable (AUI). Diagnostic loopback control enables the 82C501 AD to route the signal to be transmit- 
ted from the Intel LAN Controller through its Manchester encoding and decoding circuitry and back to the Intel 
LAN Controller. The combined loopback capabilities of the Intel LAN Controller and 82C501 AD result in highly 
effective fault detection and Isolation through sequential testing of the communications interface. A (defeata- 
ble) on-chip watchdog timer circuit prevents the station from locking up in a continuous transmit mode. The 
82C501AD is pin compatible with the 82C501 and functionally compatible with the 82501 and SEEQ 8023A. 
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Figure 2. Pin Configuration 



Figure 1. 82C501AD Functional Block Diagram 
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Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


ENETV1 


1 


1 


ETHERNET VERSION 1.0: An active low, MOS-level input. Wlien ENETV1 is 
asserted the TRMT/TRMT oair remains at hiah differential voltaae at the 
end of transmission: This operation is cbmpatible with the Ethernet Version 
1.0 specification. If the ENETV1 pin is left floating, an internal pull-up resistor 
biases the input inactive high. When ENETV1 is high, the TRMT/TRMT 
differential voltage gradually approaches OV at the end of transmission. 


NOOR 


2 


1 


CRS 'OR': An active low, MOS-level input. When NOOR is low, only the 
presence of a valid signal on the RCV/ RCV pair will force CRS active. If the 
NOOR pin is floating, an internal pull-up resistor biases the input inactive 
high. When NOOR is in active high, either the presence of a valid signal on 
CLSN/CLSN or on RCV/RCV will force CRS active. 


LPBK/ 
WDTD 


3 


1 


LOOPBACK/WATCHDOG TIMER DISABLE: An active low, TTL-level 
control signal that enables the loopback mode. In loopback mode serial data 
on the TXD input is routed through the 82C501 AD internal circuits and back 
to the RXD output without driving the TRMT/TRMT output pair to the 
transceiver cable. During loopback CDT is asserted at the end of each 
transmission to simulate the SQE test. 

WATCHDOG TIMER DISABLE: An input voltage of 1 0V to 1 6V through a 
1 Kfi resistor will disable the on-chip watchdog timer. 


RCV 
RCV 


4 
5 


1 
1 


RECEIVE PAIR: A differentially driven input pair which is tied to the receive 
pair of the Ethernet transceiver cable. The first transition on RCV will be 
negative-going to indicate the beginning of a frame. The last transition should 
be positive-going to indicate the end of the frame. The received bit stream is 
assumed to be Manchester encoded. 


CRS 


6 


0 


CARRIER SENSE: An active low, MOS-level output to notify the Intel LAN 
Controller that there is activity on the coaxial cable. The signal is asserted 
when a valid signal on RCV/RCV is present. If the NOOR input is inactive 
high, then CRS is also asserted when a valid signal on CLSN/CLSN is 
present. It is deasserted at the end of a frame: or when the end of the 
collision-presence signal is detected, synchronous to RXC. After 
transmission, once deasserted, CRS will not be reasserted again for a period 
of 5 juLS minimum or 7 juts maximum, regardless of any activity on the collision- 
presence signal (CLSN/CLSN) and RCV/RCV inputs. 


CDT 


7 


0 


COLLISION DETECT: An active-low, MOS-level signal which drives the CDT 
input of the Intel LAN Controller. It is asserted as long as there is activity on 
the collision pair (CLSN/CLSN), and during SQE (heartbeat) test in loopback. 


R)(C 


8 


0 


RECEIVE CLOCK: A 10 MHz MOS level clock output with 5 ns rise and fall 
times. This output is connected to the Intel LAN Controller receive clock 
input RXC. There is a maximum 1 .4 ju-s delay at the beginning of a frame 
reception before the clock recovery circuit gains lock. During idle (no 
incoming frames) RXC is forced low. 


RXD 


9 


0 


RECEIVE DATA: A MOS-level output tied directly to the RXD input of the 
Intel LAN Controller and sampled by the Intel LAN Controller at the negative 
edge of RXC. The bit stream received from the transceiver cable is 
Manchester decoded prior to being transferred to the controller. This output 
remains high during idle. 
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Table 1. Pin Description (Continued) 



Symboi 


Pin 
No. 


Type 


Name and Function 


GND 


10 




GROUND: Reference. 


CLSN 
CLSN 


12 
1 1 


1 
1 


COLLISION PAIR: A differentially driven input pair tied to the collision- 
presence pair of the Ethernet transceiver cable. The collision-presence 
signal is a 10 MHz square wave. The first transition at CLSN is negative- 
going to indicate the beginning of the signal; the last transition is positive- 
going to indicate the end of the signal. 


Xi , 
X2 


14 
13 


1 
1 


CLOCK CRYSTAL: 20 MHz crystal inputs. When X2 is floated, Xi can be 
used as an external MOS level input clock. 


Ten 


15 


1 


TRANSMIT ENABLE: An active low, TTL level signal synchronous to TXC 
that enables data transmission to the transceiver cable and starts the 
watchdog timer. TEN can be driven by the RTS from the Intel LAN Controller. 


TXG 


16 


0 


TRANSMIT CLOCK: A 10 MHz MOS level clock output with 5 ns rise and fall 
times. This clock is connected directly to the TXC input of the Intel LAN 
Controller. 


TXD 


17 


1 


TRANSMIT DATA: A TTL-level input signal that is directly connected to the 
serial data output, TXD, of the Intel LAN Controller. 


TRMT 
TRMT 


19 
18 


0 
0 


TRANSMIT PAIR: A differential output driver pair that drives the transmit pair 
of the transceiver cable. The output bit stream is Manchester encoded. 
Following the last transmission, which is always positive at TRMT, the 
differential voltage is slowly reduced to zero volts in a series of steps. If 
ENETV1 is asserted this voltage stepping is disabled. 


Vcc 


20 




POWER: 5V ±10%. 



FUNCTIONAL DESCRIPTION 



Clock Generation 

A 20 MHz parallel resonant crystal is used to control 
the clock generation oscillator which provides the 
basic 20 MHz clock source. An internal divide-by- 
two counter generates the 10 MHz ± 0.01% clock 
required by the IEEE 802.3 specification. 

It is recommended that a crystal meeting the follow- 
ing specifications be used: 

• Quartz Crystal 

• 20.00 MHz ± 0.002% @ 25°C 

• Accuracy ±0.005% Over Full Operating Temper- 
ature, 0 to 70°C 

• Parallel resonant with 20 pF Load Fundamental 
Mode 

Several vendors have these crystals available; either 
off the shelf or custom made. Two possible vendors 
are: 



2. Crystek Corporation 
100 Crystal Drive 
Ft Myers, FL 33907 

For best operation, the total crystal load capacitance 
should not exceed 20 pF. The total length of the line 
on each side of the crystal (between XI and X2, the 
crystal, and the capacitor) should be less than 
2.5 cm. 

An external, 20 MHz, MOS-level clock may be ap- 
plied to pin Xi while pin X2 is left floating. 



TRANSMIT SECTION 

Manchester Encoder and Transceiver 
Cable Driver 

The 20 MHz clock is used to Manchester encode 
data on the TXD input line. The clock is also divided 
by two to produce the 10 MHz clock required by the 



1 . M-Tron Industries, Inc 
Yankton, SD 57078 
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20 MHz INTERNAL CLOCK 




(MANCHESTER-ENCODED DATA) 



Figure 3. Start of Transmission and (Manchester Encoding 



Intel LAN Controller for synchronizing its RTS and 
TXD signals. See Figure 3. (Not e that the 82586 
RTS is tied to the 82C501 AD TEN input as shown in 
Figure 4.) 

Data encoding and transmission begins with TEN 
going low. Since the first bit is a '1', the first tran- 
sition on the transmit output TRM T is a lways nega- 
tive. Transmission ends with the TEN going high. 
The last transition is always poisitve at TRMT and 
may occur at the center of the bit cell (last bit = 1) 
or at the boundary of the bit cell (last bit = 0). A 
1.5-bit delay is introduced by th e 82C5 01AD be- 
tween Its TXD input and TRMT/TRMT output as 
shown in Figure 3. If the signal applied to the 
ENETV1 input is inactive high, the TRMT differential 
output is kept at high differential f or 200 ns, then it is 
gradually reduced. The TRMT/TRMT differential 
voltage will become less than 40 mV within 8 juts 
after the last data transition. The undershoot for re- 
turn to idle is less than 100 mV differentially. This 
mode of operation is compatible with the IEEE 802.3 
transceiver specifications. See Figure 4. 



If an active signal Is present at the E NETV1 input at 
the end of transmission, the TRMT/TRMT pair out- 
put will remain a high differential voltage. As a result 
there will be a positive differential voltage during the 
entire transmit idle time. This mode of operation is 
compatible with the Ethernet Version 1 .0 specifica- 
tion. 

Immediately after the end of a transmission all sig- 
nals on the receive pair are inhibited for 5 juts mini- 
mum to 7 juLS maximum. This dead time is required 
for proper operation of the SQE (heartbeat) test. 

An internal watchdog timer is started when TEN is 
asserted low at the beginning of the frame. The du- 
ration of the watchdog timer is 25 ms ± 15%. If the 
transrnission terminates (by deasserting the TEN) 
before the timer expires, the timer is reset (and 
ready for the next transmission). If the timer expires 
before the transmission ends the frame is aborted. 
The frame is aborted by disabling the outp ut driver 
for the TRMT/TRMT pair. RXD and RXC are not 
affec ted. The watchdog timer is reset only when the 
TEN is deasserted. 
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The cable driver is a differential circuit requiring ex- 
ternal pulldown resistors of 240n ±5%. In addition, 
high-voltage protection of +10V maximum, and 
short circuit protection to ground is provided. 

To provide additional high voltage protection if the 
cable is shorted, an isolation transformer can be 
used to isolate the TRMT and TRMT outputs from 
the transceiver cable. Transmit circuit inductance 
(including the IEEE 802.3 transceiver transformers) 
should be a minimum of 27 julH. We recommend that 
the transformer at the 82C501AD end have a mini- 
mum inductance of 75 jllH for Ethernet applications. 



RECEIVE SECTION 



Cable Interface 

The 82C501AD input circuits can be driven directly 
from the Ethernet transceiver cable receive pair. In 
this case the cable is terminated with a resistor of 
78n ± 6% for proper impedance matching. See Fig- 
ure 4. 

The signal received on the RCV/R CV pair from the 
transceiver defines both the RX C and RXD outputs 
to the Intel LAN Controller. The RXC and RXD sig- 
nals are recovered from the encoded RCV/RCV pair 
signal by Manchester decode circuitry. 
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NOTE: 

Ci = 02 = 20 pF ±10% 
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Figure 4. LAN Controiler/82C501 AD/Transceiver Interface 
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The input circuits can also be driven with ECL volt- 
age levels. In either case, the input common mode 
voltage must be in the range of 0-Vcc volts to allow 
for wide driver supply variation at the transceiver. To 
provide additional high voltage protection, if the ca- 
ble is shorted, an isolat ion tr ansformer can be used 
to isolate the RCV and RCV inputs from the cable. 



Manchester Decoder and Clock 
Recovery 

The Manchester-encoded dat a stre am is decoded to 
separate the Receive Clock (RxC) and the Receive 
Data (RxD) from the stream. The 82C501AD uses 
an advanced digital technique to perform the decod- 
ing function. The use of digital circuitry instead of 
analog circuitry (e.g., a phase-lock loop) to perform 
the decoding ensures that the decoding function is 
less sensitive to variations in operating conditions. 

A simplified diagram of the decoder appears in Fig- 
ure 5. A high-resolution phase reference is used to 
digitize the phase of the incoming data bit-center 
transition. The digitizer has a phase resolution of 
1/32 bit time. 

The digitized phase is filtered by a digital low-pass 
filter to remove rapid phase variations; i.e., phase 



jitter. Slow phase variations, such as those caused 
by small differences between the data frequency 
and the clock frequency, are passed unfiltered by 
the low-pass filter. 

The RxC generator digitally sets the phases of the 
two transitions to respectively le ad an d lag the bit- 
center transition by 1 1 A bit time. RxC is used to re- 
cover RxD by sampling the incoming data with an 
edge-triggered flip-flop. 

The Frame_Detect signal informs the decoder that 
the first valid negative transition of a new frame has 
been detected. This signal is used to initiate the 
lock-on sequence of the decoder. Lock is achieved 
by reducing the time constant of the digital filter to 
zero at the start of a new frame. With a time con- 
stant of zero, the filter immediately outputs the 
phase of the second bit-center transition. Any uncer- 
tainty in the bit-center phase of the first transition 
that is caused by jitter is subsequently removed by 
gradually increasing the filter time constant during 
the following preamble. By that time, the exact 
phase of the bit center is output by the filter, and the 
lock is achieved. Lock is achi eved within the first 14 
bit times as seen by the RCV/ RCV inputs. The maxi- 
mum bit-cell timing distortion (jitter) tolerated by the 
Manchester Decoder Circuitry is ± 1 2 ns for the pre- 
amble and ± 18 ns for the data. 
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Figure 5. Manchester Decoder 
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COLLISION-PRESENCE SECTION 



Internal Loopback 



The CLSN/CLSN input signal is a 10 MHz ± 15% 
square-wave generated by tlie transceiver wlien^ver 
two or more data frames are superimposed on the 
coaxial cable . The maximum asymmetry in the 
CLSN/CLSN signal is 60/40% for low-to-high or 
high-to-low levels. 

The common-mode volta ge an d external termination 
are identical to the RCV/RCV input. (See Figure 4.) 

A valid co llision presence signal will assert the 
82C 501A D CDT output, which can be directly tied to 
the CDT input of the Intel LAN Controller. During 
normal operation the 82C501AD logically "ORs" the 
collision presence signal with an internal sign al, indi- 
cating val id da ta reception on the RCV /RCV p air to 
generate CRS output. If, however, the NOOR input 
is as serted low, this "OR" function is removed and 
CRS is only assert ed by the presence of valid data 
on the RCV/RCV pair. This mode of operation is 
required for repeater design. 

During the time that valid colli sion-pr esence tran- 
sitions are present on the CLSN/CLSN input, invalid 
data transitions may be present on the receive data 
pair due to the superposition of signals from two or 
more stations trans mitting simultaneously. It is pos- 
sible for RCV/RCV to lose transitions for a few bit 
times due to perfect cancellation of the signals; this 
may cause the 82C501AD to abort the reception. 

The CRS signal is asserted low (along with CDT) 
whenever a valid collision-presence signal is pres- 
ent. If this collision-presence signal arrives with in 
5 juLS to 7 fxs after the last transmission, only CDT is 
generated. This en sures that the LAN Controller rec- 
ognizes the active CDT as a valid SQE (heartbeat) 
test signal. 



NOISE FILTERING ON RCV AND 
CLSN PAIRS 

Both the receive and collision pairs have the follow- 
ing characteristics. 

• At idle, the noise filter is turned on. 

• Any pulse narrower than 5 ns or with an ampli- 
tude of less than 140 mV is rejected by the noise 
filter. 

• The filter is turned off by the first valid negative 
pulse on the RCV or CLSN pair. A negative pulse 
wider than 30 ns and having an amplitude greater 
than 285 mV is considered a valid pulse. 

• The filter is turned on again when no positive 
transition is observed on the RCV or CLSN pair 
for 160 ns. 



When asserted, LPBK causes the 82C501AD to 
route serial data from its TXD input through its trans- 
mit logic (retiming and Manchester encoding); re- 
turning it through the receive logic (Manchester de- 
coding and receive clock generation) to RXD output. 
The internal routing prevents the data from passing 
through the out put drivers and onto the transmit out- 
put pair TRMT/TRMT. When in loopback mode all of 
the transmit and receive circuits, are tested except 
for the transceiver cable output driver and input re- 
ceivers. Also, at the end of each frame transmitted 
in loopback mode the 82C501AD generates the 
SQE test (heartbeat) signal within 1 jits after the end 
of the frame. Thus, the collsion circuits, are also 
tested in loopback mode. 

The watchdog timer remains enabled in loopback 
mode, terminating test frames that exceed its time- 
out peri od. Th e watchdog can be inhibited by con- 
necting LPBK to a 1 kft resistor connected to 10 to 
16 Volts. The loopback feature can still be used to 
test the integrity of the 82C501AD by using the cir- 
cuit shown in Figure 6, 
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Figure 6. Watchdog Timer Disable 

The 82C501AD operates as a full-duplex device, be- 
ing able to transmit and receive simultaneously. By 
combining the internal and external loopback modes 
of the Intel LAN Controller, and the internal loop- 
back and normal modes of the 82C501AD, incre- 
mental testing of an 82586/82C501 AD-based inter- 
face can be performed under program control for 
systematic fault detection and fault isolation. 
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Interface Example 

The 82C501AD is designed to work directly with the 
82586 controller in IEEE 802.3 10 Mbps, as well as 
other 10 Mbps LAN applications. The control and 
data signals connect directly between the two devic- 
es without the need for additional external logic. The 
complete 82586/82C501AD Ethernet Transceiver 
interface is shown in Figure 4. The 82C501AD pro- 
vides the driver and receivers needed to directly 
connect to the transceiver cable; requiring only ter- 
minating resistors on each input signal pair and 
240n pull-down resistors. 

The Transmit, Recieve, and Collision pairs have a 
maximum 1 0V overvoltage protection. 

If additional high voltage protection is desired, a 
pulse transformer should be included for Ethernet 
applications. IEEE 802.3 10BASE5 (Ethernet) speci- 
fications require at least 16V protection for the 



Transmit, Receive, and Collision pairs. In 10BASE2 
(Cheapernet) a pulse transformer is required to be 
inserted between the DTE (82586/82C501AD) and 
the transceiver. Through the use of jumpers, the 
same transformer can be used for an Ethernet con- 
nection at minimal additional cost. 

The pulse transformer should have the following 
characteristics: 

1 . A minimum inductance of 50 ju,H (75 fxH is prefer- 
able for Ethernet applications). 

2. 2000V isolation between primary and secondary 
windings. 

3. 2000V isolation between primaries of separate 
transformers. 

Since Ethernet Version 1 .0 transceivers may require 
a positive differential on the TRMT pair during idle, 
check with the transceiver vendor before including 
the pulse transformer. 
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ABSOLUTE MAXIMUM RATING 

Case Temperature Under Bias .0*'C to + SS^C 

Storage Temperature -65''C to + 1 40**C 

All Output and Supply Voltages -0.5V to + 7V 

All Input Voltages - 1 .OV to + 6.0V(1) 

Operating Power Dissipation ... .0.75W 



* Notice: Stresses above those Jisted under "At^so- 
lute Maximum Ratings" may cause permanent dam- 
age to ttie device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tibnal sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS Tq = ox to + 85°C, Vcc = 5V ±10% 



Symbol 


Parameter 


Min 


Max 


V|L 


Input Low Voltage TTL 

MOS 


-0.5V 
-0.5V ^ 


0.8V 
0,6V 


V|H 


Input High Voltage TTL 

MOS 


2.0V 
3.7V 


Vcc + 0.5V 
Vcc + 0.5V 


ViDF 


Input Differential Voltage 


±300 mV 


±1500 mV 


VCM 


Input Common Mode Voltage 


OV 


Vcc 


VOCM 


Common Mode Output(2) 


0.5V 


5.0V 


Vol 


Output Low Voltage @ Iql = 4 mA 




0.45V 


VOH 


Output High Voltage (MOS) @ Iqh = "500 juiA 


3.9V 




VODF 


Differential Output Swing(3) 


± 0.45V 


±1.2V 


Ili 


Input Leakage Current^ @ V|n = OV to Vcc 




±10iu,A 




Input Capacitance @ fc = 1 MHz 




10 pF 


COUT ' 


Output Capacitance @ f c = 1 MHz(6) 




20 pF 


ice 


Power Supply Current @ Tc = 85**C(5) 




135 mA 




Short Protection Activation Current 


60 mA 


150 mA 


Idi 


Input Current into/out of Differential lnput(7) 




±1 mA 


Vu 


Differential Return to Zero Undershoot 




100 mV 


Vdi 


Differential Idle Voltage 




40 mV 



NOTES: 

1. The voltage levels for CLSN/CLSN, RCV/RCV inputs are -0.75V to + 10V. 

2. The load is a 78fl ±6% resistor in parallel with a 27 ;liH ±1 % inductor. 

3. DC measurement values. 

4. Applies to TXD and TEN pins. 

5. Part of the power is dissipate d throu gh the pulldown resistors connected to TRMT/TRMT outputs. 

6. With the exception of TRMT /TRMT . 

7. Applies to RCV/RCV, CLSN/CLSN, LPBK/WDTD, NOOR, and ENETV1 inputs for input voltages from OV to Vqc. 
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A.C. MEASUREMENT CONDITIONS 

1. Tc = O'C to +85°C, Vcc = 5V ±10%. 

2. The AC MOS and TTL measurement levels are 
referred to in Figures 7, 8, 9, 10 and 10A. 

3. AC Loads: 

a) MOS: a 20 pF total capacitance to ground. 

b) Differential: a 10 pF total capacitance from 
each terminal to ground, and a load resistor of 
78n ±6% in parallel with a 27 juiH ±1% in- 
ductor between terminals. 



Clock Timlng(i) 



Symbol 


Parameter 


Min 


Max 


Unit 


t1 


Xi Cycle Time(2) 


49.995 


50.005 


ns 


t2 


Xi Fall TimeO) 




5 


ns 


t3 


Xi RiseTimeO) 




5 


ns 


t4 


Xi Low Time (at0.9V)(3) 


15 




ns 


t5 


Xi High Time (at3.0V)(3) 


15 




ns 



NOTES: 

1 . Refer to Figure 9. 

2. Applies to crystal based inputs. 

3. Applies to external clock inputs. 



TRANSMIT TIMING(I) 



Symbol 


Parameter 


Min 


Max 


Unit 


t6 


T)(C Cycle Time(2) 


99.99 


100.01 


ns 


t7 


TXC Fall Time 




5 


ns 


ts 


TXC Rise Time 




5 


ns 


tg 


TXC Low Time (at 0.9V) 


40 




ns 


tio 


TX5 High Time (at 3.0V) 


40 




ns 


tii 


Transmit Enable/ Disable to TXC Low 


45 




ns 


tl2 ^ 


TXD Stable toT)(CLow 


45 




ns 


tl3 


Bit Cell Center to Bit Cell Center of Transmit Pair Data(3) 


99.5 


100.5 


ns 


tl4 


Transmit Pair Data Fall Time 


1.0 


5.0 


ns 


tl5 


Transmit Pair Data Rise Time 


1.0 


5.0 


ns 


tl6 


Bit Cell Center to Bit Cell Boundary of Transmit Pair Data(3) 


49.5 


50.5 


ns 


tl7 


TRMT held low from Last Positive Transition of the 
Transmit Pair at the End of Frame 


200 




ns 


tl8 


From Last Positive Transition of Transmit Pair Differential 
Output Approaches Within 40 mV of zero volts. 




8000 


ns 



NOTES: 

1 . Refer to Figure 1 1 . 

2. This parameter is determined by the crystal. 

3. Characterized not tested. 
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RECEIVE TIMING(1) 



Symbol 


Parameter 


iviin 


Max 


1 ImS* 

unit 


tl9 


Duration which the RXC is held at Low State 




1400 


ns 


t20 


Receive Pair Signal Rise/Fall Time at 0.285V 




10 


ns 


t21 


Receive Pair Bit Cell Center from Crossover Timing Distortion:(2) 
In Preamble 
In Data 




±12 
±18 


ns 
ns 


^22 


Receive Pair Bit Cell Boundary Allowing for Timing Distortion In Data(2) 




±18 


ns 


^23 


Receive Idle Time Before the Next Reception can Begin in a Transmitting 
Station (as Measured from the Deassertion of CRS) 




O 


jmS 


t24 


Receive Pair Signal Return to Zero Level from Last Valid 
Positive Transition 


160 




ns 


^25 


CRS Assertion Delay from the First Received Valid Negative Transition 
of Receive Pair Signal 




100 


ns 


t26 


CRS Deassertion Delay from the Last Valid Positive Transition Received 
(when no Collision-Presence Signal Exists on the Transceiver Cable)(3) 




300 


ns 


t27 


RXC Cycle Time 


96 


104 


ns 


t28 


RXC Rise/Fall Time 




5.0 


ns 


t29 


R)<C Low Time (at 0.9V) 


40 




ns 


tso 


RXC High Time (at 3.0V) 


36 




ns 


t31 


Receive Data Stable Before the Negative Edge of RXC 


30 




ns 


t32 


Receive Data Held Valid Past the Negative Edge of RXC 


30 




ns 


t33 


Carrier Sense Active — ^ Inactive Hold Time from RXC High 


10 


40 


ns 


t34 


Receive Data Rise/ Fall Time 




10 


ns 


t35 


CRS Inhibit Time After Frame Transmission(4) 


5 


7 


JLlS 



NOTES: 

1. Refer to Figures 12 and 13. 

2. Meas ured per 802.3 Para B1. 1.4.2 recom menda tions. 

3. CRS is deasserted synchronously with the RXC. This condition is not specified in the IEEE 802.3 specification. 

4. Required for SQE test. 
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COLLISION TIMINGd) 



Symbol 


Parameter 


MIn 


Max 


Unit 


t36 


CLSN/CLSN Cycle Time 


85 


118 


ns 


t37 


CLSN/CLSN Rise/Fall Time at ± 0.285V 




15 


ns 




CLSN/CLSN Transition Time 


35 


70 


ns 


tag 


CLSN Pair Return to Zero from Last Positive Transition 


160 




ns 




CDT Assertion from the First Valid Negative Edge of Collision Pair Signal 




75 


ns 


t41 


CDT Deassertion from the Last Positive Edge of CLSN/CLSN Signal 




300 


ns 


t42 


CRS Deassertion from the Last Positive Edge of CLSN/CLSN Signal (if no 
Post-Collision Signal Remains on the Receive Pair) 




950 


ns 



NOTE: 

1. Refer to Figure 14. 



LOOPBACK TIMING(I) 



Symbol 


Parameter 


MIn 


Max 


Unit 


t43 


LPBK asserted before the first attempted transmission (2) 


500 




ns 


t44 


Simulated collision test delay from the end of each attempted transmission 


0.5 


1.5 


juS 


t45 


Simulated cpllisron test duratlon(3) 


0.6 


1.6 


juS 


Ue 


LPBK deasserted after the last attempted transmission 


5 




jLlS 



NOTES: 

1 . Refer to Figure 1 5. 

2. In Loopback mode, RXC and CRS function in the same manner as a normal Receive. 

3. SQE test (heartbeat) signal 

NOISE FILTER(1) 



Symbol 


Parameter 


MIn 


Max 


Unit 


t47 


RCV/RCV Noise Filter Pulse Width Rejected 




5 


ns 


Us 


RCV/RCV Noise Filter Pulse Width Accepted 


30 




ns 




CLSN/CLSN Noise Filter Pulse Width Rejected 




5 


ns 


tso 


CLSN/CLSN Noise Filter Pulse Width Accepted 


30 




ns 


Vreject 


Differential Reject Voltage(2) 




-140 


mV 


Vaccept 


Differential Accept Voltage(2) 


-285 




mV 



NOTES: 

1. Refer to Figure 16. 

2. DC parameters. 
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Input and Output Waveforms for AC Tests 

2.4V- 
0.45V- 



Z3( 



1.5- 



-TEST POINTS - 



-1.5 



XZ 



231926-12 

A.C. Testing inputs are driven at 2.4V for a Logic 1 and 0.45 for a 
Logic 0. Timing measurements are made at 1 .5V for both a Logic 
1 and 0. 



Figure 7. TTL Input/Output Voltage Levels 
for Timing Measurements 



V|L = 0.6V - 
0.45V 



HIGH LEVEL MAY VARY 
WITH Vcc 



— T4-^ — 

U >A U-T2 



Figure 9. XI Input Voltage Levels 
for Timing Measurements 



HIGH LEVEL MAY VARY 
WITH Vcc 



Vrti = 0.45V 



Figure 8. Voltage Levels for MOS Level 
Output-Timing Measurements 
(fXC, RXG, CRS, GOT, and RXD). 



300 mV VIDF == 285 mV ■ 

J 1 



iV ■ 
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Figure 10. Voltage Levels for 
Different ial-In put Ti ming M ea sureme nts 
(RCV/RCV, CLSN/CLS and CLSN). 



VODF = 450 mV « 



Figure 10A. Voltage Levels for TRMT/TRMT 
Output-Timing Measurements 
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TRANSMIT TIMING 
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Figure 11 

RECEIVE TIMING: START OF FRAME 
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Figure 12 

1-51 



inter 



82C501 AD ETHERNET 



RECEIVE TIMING: END OF FRAME 
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♦NOTE: 

CRS can be triggered on again by the collision-presence signal. 
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Figure 13 



COLLISION TIMING 
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NOTES: 

1. CRS will be deasserted for a period up to 1 jms maximum when RCV/RCV or CLSN/CLSN terminates, whichever 
oc curs later. 

2. CRS will remain asserted after the CLSN/CLSN signal terminates if RCV/RCV signals continue. 

Figure 14 
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LOOPBACK TIMING 




I "1" I "0" 
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NOTE: 

1. During Loopback, the 82C501AD rec eive c ircuitry uses 14 bit times wliile tlie iVIanchester Decoder locl^s on the data. 
As a result, the first 1 4 bits are lost and RXC is held low during that time. 



Figure 15 



NOISE FILTER TIMING 
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Figure 16. Noise Filter Characteristics 



TESTABILITY 

NOTE: 

1. All AC Parameters become valid after the High Resolution Phase Reference has stabilized: 100 jas after the application of 
power. 
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Twisted Pair Ethernet — Chip Set Overview 



Complete ISyisted Pair Ethernet solution 

— Transceiver Serial Interface (TSI) 

- Interface from all Intel Ethernet LAN 
Controllers to twisted pair link segment 

- Provides data and clock signal recovery from 
incoming 10 Mb/s Manchester data 

- Converts Manchester data into NZR format 

- Detects Manchester code violations and 
end-of-packet delimiter <iDL) 

— Multiport Repeater Controller (MPR) 

- Complies with IEEE 802.3 Ethernet standard 
for Repeaters (Std 802.3 c-1988) 

- Allows up to 11 twisted pair ports and 
1 AUI port 

" Automatic preamble generation 

" Minimum frame length enforcement (96 bits) 

- Provides Manchester encoding of transmitted 
data 

- Pin selective FIFO fill level 



— Twisted Pair Media Access Unit (TP MAU) 

- Direct interface to AUI and twisted pair 
isolation transformers 

- Generates internal predistortion signal 

- Resetable Jabber function 

- Signal Quality Error (SQE) testing 
— Uses low power CMOS technology 



Chip Set Description 

The Twisted Pair Ethernet chip set provides the complete 
component solution for running 10 Mb/s Ethernet over low 
cost unshielded twisted pair wire. It is designed to support 
both new Twisted Pair Ethernet LAN designs as well as 
retrofitting existing Ethernet systems for twisted pair. The 
set includes the Transceiver Serial Interface Component 
(TSI), the Multiport Repeater Controller (MPR), and the 
Twisted Pair Media Access Unit (TP MAU). 



TPE SYSTEM TOPOLOGY 



Ethernet MAU 
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Component Description 



TRANSCEIVER SERIAL INTERFACE COMPONENT 
(TSI) 

The Transceiver Serial Interface component (TSI) is intended 
for all Twisted Pair Ethernet LAN applications using 10 Mb/s 
Manchester-coded data, such as client stations, file servers, 
and repeaters. It reduces design time by providing a direct 
serial interface from the twisted pair wire to any of Intel's 
Ethernet LAN Controllers. The TSI chip performs clock re- 
covery and Manchester Decoding of 10 Mb/s data, and pro- 
duces NRZ data and clock signals for the LAN controller. In 
addition, the TSI supports a predistortion method to prevent 
line over-charge. It is fabricated using CMOS processing 
technology and is available in 24-lead plastic DIP and 
28-lead SOJ packages. 




MULTIPORT REPEATER CONTROLLER (MPR) 

The Multiport Repeater Controller component (MPR) is de- 
signed for use in Twisted Pair Ethernet repeater applications. 
The MPR combines with a single TSI chip to provide all 
necessary repeater functions including automatic preamble 
generation, Manchester encoding of transmitted data, Jabber 



function, Jam signal generation and minimal frame length 
enforcement. The MPR/TSI set supports up to eleven twisted 
pair ports and one AUI port. The MPR offers pin selectable 
FIFO fill level and LED output control of Traffic status. Jam 
status, per port Jabber status, and FIFO error status. The 
MPR Controller is fabricated using CMOS processing tech- 
nology and is available in a 68-lead plastic lead chip carrier 
package (PLCC). 



MULTIPORT REPEATER 



TWISTED PAIR MEDIA ACCESS UNIT (TP MAU) 

The Twisted Pair Media Access Unit (TP MAU) is designed 
for Ethernet Node Adapter (ENA) applications to interface 
the Ethernet AUI cable directly to the twisted pair wire. 
It offers LAN designers a cost effective, integrated solution 
to the problem of upgrading existing standard Ethernet 
networks to twisted pair. The TP MAU generates internal 
predistortion signals to eliminate line over-charge. It pro- 
vides selectable diagnostics features including selectable 
Signal Quality Error (SQE) test and manual or autorhatic 
Jabber Reset. In addition, the TP MAU supports LED con- 
trol for Transmit, Receive, Jabber and Collision. It is fabri- 
cated using CMOS processing technology and is available 
in 28-lead plastic DIP and 28-lead SOJ packages. 
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HOST INTERFACE AND MEMORY CONTROLLER 



Host Interface to the IBM PC/XT/AT 
and PS/2TM Buses for 82590, 82592, 
and 82588 LAN Controllers 

Allows 32-, 16-, and 8-Bit Data 
Transfers 

Supports Local Static RAM 

— Up to 32 Kilobytes 

— Programmable Access Time 

Zero-Wait-State Host Interface Option 

Dual-Channel DMA Controller with Ring 
Buffer Management Scheme 



Implements Tightly Coupled Interface 
Mode to 82590/82592 

Automatic Retransmission upon 

Collision 
-^Transmit Chaining 

— Back-to-Back Frame Reception 

— Automatic Buffer Reclamation 

— Address PROM or Other Peripheral 
Support 

— Interfaces Memory-Mapped or 1/0- 
Mapped Adapters 

CHMOS III Technology 

68-Lead PLCC Package 



The 82560 Host Interface and Memory Controller is a companion chip for the Intel 82590 and 82592 Ad- 
vanced CSMA/CD LAN Controllers as well as the Intel 82588. The 82560 interfaces these controllers to IBM 
PC/XT/ AT and PS/2 systems. It integrates all the interface functions required to implement a nonintelligent, 
locally buffered LAN solution. The zero wait state and 32-bit data transfers improve the system performance 
by minimizing the LAN's requirement for Host bandwidth. The 82560's DMA performs data transfers between 
the LAN controller and the ring-configured local memory. Ring buffer implementation results in highly efficient 
use of the local memory. The 82560 supports the 82590 and 82592 in their Tightly Coupled Interface (TCI) 
mode. Without CPU intervention, the 82560 performs transmit chaining, automatic retransmission, back-to- 
back frame reception, and frame reclamation. The TCI support reduces the software and hardware overhead 
between frame transfers, and increases the average sustained transfer rate. Combined with the 82590 or 
82592, the 82560 provides a high-performance LAN solution for industry standard or custom CSMA/CD 
networks. 
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Table 1. 82560 Pin Pescription 



Symbol 



Pin No. 



Type 



Name and Function 



Vcc 



5, 23, 57 



POWER: Connected to + 5V power supply. 



Vss 



10, 29, 43, 63 



GROUND: Grouhd connection. 



CLK 



11 



CLOCK INPUT: This Is the system clock Input for the 82560. It 
controls the internal operations of the 82560 and its cycle timing. 



RESET 



42 



RESET: Active high. When active it resets the 82560 to a known 
passive state. 



D0--D7 



40, 41,44-49 



I/O 



82560 DATA BUS: TrI-state bus. Used for programmatic access to 
the 82560 registers. They are also used in the tightly coupled 
interface (TCI) mode. 



A0-A12 



26-39 



ADDRESS LINES: The 13 address lines select either an 82560 
register, or an address in the Local Memory. 



HFO. HF1 



25, 24 



HOST FUNCTION SELECT: These two inputs indicate the type of 
access requested by the host. These signals are generated by 
external decode logic and are completely asynchronous to the 
82560 system clock. The proper combinations for each access 
type are shown below: 

HOST FUNCTION 
Access Type 

Idle (No Access Being Requested) 
Request to Access Shared Portion of Local 
Memory 

Request to Access 82560 Registers or the Slave 
Controller (SCS) 

Request to Access External PROMs or Latches 



HF1 


HFO 


1 


1 


1 


0 


0 


i 


0 


0 



iequ( 

:gcs] 



RD 



17 



READ: Active low. This signal is used to indicate the direction of 
the host transfer. When active, data is being read from the 
destination (RAM, 560, or GCS port). 



HRDY 



20 



HOST READY: Active high. This signal from the 82560 is activated 
when the device on the Local Bus of the LAN adapter is ready to 
accept data (write cycle) or to output data (read cycle ). W hen n o 
access is being requested by the host (i.e., both HFO and HF1 are 
high), this signal is tri-stated in the normal mode, and is driven high 
in the pipeline mode. 



XCV1 



22 



TRANSCEIVER ENABLE 1: Enables the transceiver that connects 
the lower byte of the host and Local data buses. In pipeline mode it 
enables the transceiver during non-memory host cycles. 



XCV2/PCS 



21 



TRANSCEIVER ENABLE 2: Enables the transceiver that connects 
the upper byte of the host and Local data buses. In pipeline mode it 
enables the latch during memory host cycles. 



INT 



50 



INTERRUPT OUT: This signal is a logical OR of ail enabled 
interrupt requests. When active it indicates an interrupt request to 
the CPU. This signal is tristated after reset. 



GCS 



59 



GENERAL CHIP SELECT: Active low. This signal is asserted by 
the 82560 when the host requests access to external ROMs or 
latches. 
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Table 1. 82560 Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


BEO 


18 


1 


BYTE ENABLE: Active low. This signal is asserted in 16- or 32-bit- 
wide host memory cycles to select the lower memory bank. It may be 
connected to the processor's Aq pin. 


BET 


19 


1 


E|YTE ENABLE 1: Active low. This signal is asserted in 16- or 32-bit- 
wide host memory cycles to select the upper memory bank. It may 
be connected to the processor's BHE signal. These two signals are 
connected as follows: 








Host Bus 


Local Bus 


BEO 


BE1 








8- Bit 

9- Bit , 
16-Bit 
16-Bit 
32-Bit* 


8-Bit 

16-Bit 

16-Bit 

32-Bit 

32-Bit 


0 

SAO 
SAO 
SA1 

BEO + BE1 


0 
1 

Shbe 

SA1 

BE2 + BE3 








*80386 address pins 
+ stands for logical OR 


DRQO 


54 


1 


DMA REQUEST CHANNEL 0: Active high. This is an input from the 

1 AM f^f\nimi\e>r rsr nthor norinhorolc it rortiioctc DK/A QorviPA Tho 
L.rMN V/UI lllUllUl Ui UIMC/I |i/t?l ipi OlIO} 11 ICV.|UCv>lO u/IVlr\ OC?IVIv/t3. 1 1 lO 

DMA cycles are run on an on-demand basis, and are prioritized 
between themselves (two channels) and with the host cycles on an 
alternating basis. In 82590 Tightly Coupled mode this signal is 
sampled by the 82560 at the last clock of the Read or Write signal 
along with DACK1 /EOP to determine the state of the transmit or 
receive process (see Tightly Coupled Interface for more details). 


DRQ1 


52 


1 


DMA REQUEST CHANNEL 1: Active high. This is an input from the 
LAN controller or other peripherals, requesting DMA service. The 
DMA cycles are run on an on-demand basis, and are prioritized 
between themselves (two channels) and with the host cycles on an 
alternating basis. In Tightly Coupled mode this signal is sampled by 
the 82560 at the last clock of the Read or Write signal (see Tightly 
Coupled Interface for more details). 


DACKO/DACK 


55 


0 


Dual Function: This is a dual function pin which serves as DACKO, 
DMA acknowledge for Channel 0, in all modes except the Tightly 
Coupled Interface mode. It seryes as DACK, DMA acknowledge for 
both channels, in Tightly Coupled Interface mode. 
DMA ACKNOWLEDGED: Active low. Acknowledge DMA requests 
on channel 0. During special chip select cycles, this signal is 
controlled by the CPU. 

DMA ACKNOWLEDGE: Active low. Acknowledge DMA requests on 
either channel 0, or channel 1 . It operates in this mode only when 
programmed for Tightly Coupled Interface with the 82590 or 82592. 
This pin can be directly connected to the DACKO/DACK pin of the 
82590 or 82592 LAN controllers. 


DACK1/E0P 


53 


I/O 


Dual Function: This is a dual function, bidirectional pin which serves 
as DACK1 , DMA acknowledge for channel 1 , in all modes except 
8259X Tightly Coupled Interface mode. It serves as EOP, End of 
Process indicator, an input, during this Tightly Coupled Interface 
mode. 

DMA ACKN0WLEDGE1: Output. Active low. DMA acknowledge for 
channel 1 . During Special Chip Select (SCS) cycles this signal is 
controlled by the CPU and can be used for accessing the 8259X port 
1 . The output level is determined by the address of the SCS. 
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Table 1. 82560 Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


DACK1/E0P 


63 


I/O 


END OF PROCESS: Input. In the Tightly Coupled Interface mode, 
this input, along with the DRQ pin, is sampled by the 82560 at the 
last clock of. the Read or Write signal. The combination of the two 
pins indicates the status of the Transmit or Receive process. When 
low, the EOP signal indicates that the active DMA service should be 
terminated. , 


lOWR 


56 


0 


I/O WRITE. Active low. This is the write strobe to the LAN controller 
or I/O device. It is asserted when data is being written to the LAN 
controller by either the Host CPU or the 82560 internal DMA. During 
pipeline read transfers it is the write control signal to the buffer. 


lORD/MWR 


58 


0 


Dual Function: Active low. This signal is used for two different 
operations. It is a control signal during read cycles from the LAN 
controller or another I/O device. It is a write strobe during write 
cycles to the local memory. 

I/O READ: Active low. It is asserted when data is being read from 
the LAN controller by either the host CPU or the 82560 internal DMA. 
During pipeline write transfers it Is the read control signal to the 
buffer. T 

MEIMIORY WRITE: Active low. It is asserted when data is being 
written to local memory. 


INTR 


51 


! 


INTERRUPT REQUEST: This signal when active indicates an 
interrupt request. It is usually connected to the interrupt output of the 
LAN controller. It may be programmed as active high or low, level or 
edge triggered, and it can also be masked. 


MAO- 12 


9-1,68 


0 


MEMORY ADDRESS 0-12: These 13 address lines can support two 
8-kilobyte or 8-kilbword banks of static memory. 


CSL 


62 


0 


RAM CHIP SELECT (LOW BANK): Active low. This signal is 
activated during all static-RAM accesses In 8-bit mode, even-byte 
accesses in 16-bit mode, and even-word accesses in 32-bit mode. 


CSH 


61 


0 


RAM CHIP SELECT (HIGH BANK): Active low. This signal is 
activated during odd-byte accesses in 1 6-bit mode or odd-word 
accesses in 32-bit mode. 


MOE 


60 


0 


MEMORY OUTPUT ENABLE: Active low. This signal is used to 
enable the memory array's output buffers during memory read 
cycles. 


GPI 


16 


1 


GENERAL PURPOSE: Input. This is a general purpose input pin, its 
state may be read by the CPU. 


CS 


12 


0 


CHIP SELECT: Active low. this pin is normally connected to the 
Chip Select input of the LAN controller or other peripherals, it is 
activated during non-DMA accesses to the LAN controller. The CPU 
activates this signal when it accesses addresses 0, 1 , 2, or 3 in the 
Special Chip Select address space of the 82560. 


RSV1,RSV2 


13,14 


1 


These pins are reserved and should be tied to Vcc- 
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VssC 


10 


• 


60 


□ moe 


CLKC 


11 




59 


□ gcs 


CSC 


12 




58 


□ iORD/MWR 


RSVIC 


13 




57 


□ Vcc 


RSV2C 


14 




56 


DiOWR 


NCC 


15 




55 


□ DACKO/DACK 


GPIC 


16 




54 


□ drqo 


RDC 


17 




53 


□ dacki/eop 


BEOC 


18 


82560 


52 


□ drqi 


bTiC 


19 




51 


□ INTR 


HRDYC 


20 




50 


□ INT 


XCV2/rCS L. 


21 




49 


□ D7 


xcViC 


22 




48 


□ D6 


VccC 


23 




47 


□ 05 


hmC 


24 




46 


□ D4 


HFOC 


25 




45 


□ 03 


AOC 


26 




44 


□ 02 




27 28 29 30 


31 32 33 34 35 36 37 38 39 40 


41 42 43 
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Figure 2. 82560 PLCC Pinout 
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Figure 3. Noninteiiigent, Buffered Adapter Arciiitecture 
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FUNCTIONAL OVERVIEW 

The 82560 is a dual-port memory controller using 
interrupt logic and DMA to implement a nbnintelli- 
gent, buffered LAN adapter for the IBM PC/XT/ AT 
bus. This type of adapter uses on-board memory as 
a buffer to store frames during transmission and re- 
ception. It also uses on-board DMA to transfer data 
between its local memory and the LAN controller. A 
block diagram of the buffered, nonintelligent LAN 
adapter is shown in Figure 3. The architecture is 
termed nonintelligent because it does not use an on- 
board CPU to process the transmit or receive 
frames. The host CPU processes the frames and 
programs the DMA and LAN controllers. The host 
interface logic, arbitration logic, and the bus trans- 
ceivers connect the host bus to the adapter's local 
bus. They also control all host accesses to the local 
bus. The local memory is shared by the host and the 
LAN controller. It stores information that the host 
wishes to transfer to the LAN controller, and infor- 
mation received by the LAN controller which should 
be read by the host. The memory can be shared in 
two ways— mapping into the host memory space, or 
mapping into the host I/O space. The DMA control- 
ler transfers data between the local buffer memory 
and the LAN controller. The host CPU may use ei- 
ther string move instructions or a system DMA chan- 
nel to move data into the buffer memory. The host 
also accesses the LAN controller registers, the DMA 
controller registers the boot ROM, and the address 
ROM through the local bus. 

The 82660 integrates the host interface, arbitration 
logic, memory control logic, interrupt logic, and DMA 
Into one component. It replaces 20-30 MSI and SSI 
components (see Figure 1 ). It also provides a Tightly 
Coupled Interface to the 82588, 82590, and 82592 
LAN controllers, and an efficient buffer management 
scheme, which allows the 82588/82560, 82590/ 
82560, and 82592/82560 combinations to handle 



time-critical processes such as retransmission, buff- 
er reclamation, and continuous back-to-back frame 
reception without host CPU intervention. This im- 
proves the overall data throughput in the network; 
and, consequently, system performance. The follow- 
ing discussion describes the 82560 interface to the 
PC/XT/ AT bus, its support of locally buffered mem- 
ory, and the operation of DMA and the Tightly Cou- 
pled Interface (including the buffer management 
scheme). 



HOST INTERFACE 

The host interface port connects the 82560 to the 
PC-bus through external decode logic and bus trans- 
ceivers. The external decode logic generates the 
HFO and HF1 signals indicating the kind of access 
the host desires. When the request Is detected by 
the 82560 (non-pipeline mode) it deasserts the 
HRDY signal, thereby suspending the host cycle. 
HRDY is reactivated when the local device being ac- 
cessed by the host is ready to accept (Write cycle) 
or output (Read cycle) data. HRDY reactivation time 
is programmable as mentioned in the register sec- 
tion; it is described in detail in the 82560 Reference 
Manual. The request undergoes arbitration, and, if 
granted, the 82560 activates the XCV1 and XCV2 
signals. The XCV signals control the transceiver(s) 
which interfaces the host data bus to the local data 
bus. By using one or both transceiver control signals 
the 82560 can support an 8-, 1 6-, or 32-bit-wide bus. 
Once the arbiter grants the host access, the 82560 
begins the local bus cycle by generating the appro- 
priate address and control signals. 

The host CPU can access the internal registers of 
the 82560, the local memory controlled by the 
82560, or other devices—such as Boot ROM or ex- 
ternal Latch— that share the same bus as the 82560. 
Table 2 lists the various access types that can be 
requested by the host. 



Table 2. Host Access Types 



Access Type 


HFT 


FIFO 


Address 


Cycle Status Indications 


82560 Registers 


0 


1 


Between 8h and 3Fh 


HRDY 


Local Memory Access 


1 


0 


User Defined 


HRDY, Memory Control 
Signals, XCV Signals 


GCS Access (Boot ROM) 
r (General Chip Select) 


0 


0 


User Defined 


HRDY, GCS, lOWR, 
lORD/MWR 


Special Chip Select 


0 


1 


Less Than 8h 


HRDY, DACK Lines, CS, 
lOWR, lORD/MWR 
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The 82560 provides eight semaphore ports to re- 
solve contention in a shared resource system. Only 
the most significant bit of these ports is used. The 
CPU writes all O's to the port to clear it. When the 
port is read, its current value is reported and the 
most significant bit becomes a 1 at the end of the 
cycle. The 82560 also supports devices on the local 
bus other than memory and the LAN controller. 
These devices can be accessed in two ways: by us- 
ing the General Chip Select (GCS) signal, or by us- 
ing the Special Chip Select (SOS) addresses in the 
82560 register space. The first method typically sup- 
ports EPROMs, external latches, and similar devic- 
es. The second method is used for accessing the 
registers of controllers which use the 82560 DMA 
channels; e.g., the 82590, 82592, or 82588. Each 
address in the SCS port provides a unique combina- 
tion of the DACKO-, DACK1-, and CS-pin output 
states. The CPU activates the chip select of the de- 
vice being accessed by asserting or deasserting the 
appropriate signals. 

The host CPU can access the 82560 registers and 
other devices on the local bus at any time. However, 
local memory can only be accessed by the host after 
the 82560 memory control registers are initialized. 
The host accesses local memory in two ways: Page 
Access or Sequential (I/O mapped or pipeline) Ac- 
cess. After reset, the memory access is l/O-mapped 
mode but host access to local memory is disabled. 
The 82560 must be configured for the appropriate 
memory access mode before local memory can be 
accessed by the host. 

The 82560 memory control logic provides the sig- 
nals required to interface to static memory. The 
82560 can address up to 32 kB of local memory. 
Each memory address can refer to a byte, a word, or 
a double word of local memory. Thus the 82560 with 
its two memory chip selects (low to high bank) and 
its MOE and MWR outputs, can support 8-, 16-, or 
32-bit-wide local buses. 

In Page Access mode the local memory is mapped 
into the host memory space. In this mode the host 
can directly access local memory through a fixed 
size window which can be moved around in local 
memory space. This window is referred to as a 
"page". Figure 5 shows the paging scheme. The 
page size can vary from 1 kilobyte to 8 kilowords, 
and can be located anywhere in local memory. The 
exact location of the page in the local memory is 
defined by a page register. By reprogramming the 
page register the user can relocate the page in local 
memory. 



In l/O-mapped Access mode the memory is mapped 
into the host I/O address space. Data is transferred 
between host and local memory using host DMA or 
string I/O instructions. The 82560 can be pro- 
grammed to support memory accesses through a 
single I/O port. The I/O port is defined by an ad- 
dress programmed into an 82560 register. The 
82560 maintains the current address, which is up- 
dated each time a memory cycle is run. The host 
does not directly access the local memory. It outputs 
the I/O address onto the A0-A12 address lines, 
with the HF lines indicating a memory access. If the 
I/O address matches the address programmed into 
the 82560, then the 82560 executes the local mem- 
ory cycle by outputting the current address onto the 
memory address lines MAO- 12. 

The 82560 can be configured to interface with the 
host in a pipeline mode. In this mode, transparent or 
edge-trigged latches are needed to isolate the host 
and local bus during memory cycles. Data is written 
to the latch (from the host bus) and copied (from the 
latch) to the local memory. In the host read cycles, 
data is copied from the latch to the host bus. In an- 
ticipation of the next host memory request (sequen- 
tial), the 82560 then copies the next byte or word 
from local memory to the latch. Thus the host CPU 
can operate with 0 wait states by reading from and 
writing to the latqh. 



ARBITER 

All requests for access to devices on the local bus, 
whether by the host or by the 82560 DMA, undergo 
arbitration. The host requests are indicated on the 
HF lines; the DMA requests are indicated on the 
DRQ lines. Figure 4 shows the basic arbitration cy- 
cle of the 82560. Arbitration for the local bus is pipe- 
lined. It can take place at any time when the 82560 
is idle, or one clock before the end of the current 
local bus cycle. All requests are sampled on the fall- 
ing edge of the 82560 clock. Arbitration Is completed 
within one clock cycle. The resultant local bus cycle 
is started on the falling edge of the next clock. If 
more than one request is active, arbitration is re- 
solved on an alternating priority basis. 

The 82560 deactivates Its HRDY line when a host 
request js detected; the request is synchronized and 
then arbitrated. If the request is granted, the appro- 
priate local bus cycle begins. After a programmable 
number of clock cycles HRDY will be reactivated, 
and the handshake with the host will be complete. 
DMA requests are synchronized and acknowledged 
once DMA has been granted access to the local 
bus. The acknowledge lines are kept inactive until 
the DMA is granted access to the local bus. 
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Figure 4. 82560 Arbitration Cycies 
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DMA MACHINE 



The 82560 provides two DMA channels. Each chan- 
nel can access 1 6 kb of memory address, and has 
request and acknowledge lines and address regis- 
ters. The DMA normally operates in the Demand 
mode, and becomes active in response to a DMA 
request being granted. The requests com^ In on the 
DRQ lines and, if granted, are acknowledged by the 
DACK lines becoming active. Each channel has a 
control register that includes an e nab l e bit, a d irec- 
tion bit, and output enable bits (CS, DACKO, and 
DACK1 are active low signals that can be enabled/ 
disabled during DMA cycles). Each channel also has 
a base, current, stop, lower-limit, and upper-limit reg- 



ister. The current address register (CAR) is incre- 
mented after every DMA transfer except when in 
double host bus mode. The lower-limit register 
points to the beginning of the ring buffer; the upper- 
limit register points to the end of the ring buffer. The 
82560 performs the wraparound (lower limit to 
CAR), each time the CAR equals the upper limit. 
When the contents of the CAR equal those of the 
stop register, DMA transfer stops and the 82560 
generates an interrupt to the CPU. When the double 
host bus mode is invoked, the DMA machine will 
alternately activate low and high banks of memory 
and will increment the address after each high-bank 
transfer. 
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LOOSELY COUPLED MODE 

The 82560 performs flyby DMA transfers (read from 
slave and write to memory or vice versa). The opera- 
tion continues until the current address register 
equals the stop register or until the DRQ is removed. 
When the stop register is reached, the 82560 gener- 
ates an interrupt. 



82590 TIGHTLY COUPLED MODE 

The Tightly Coupled Interface is a hardware inter- 
face between the 82660 and the 82590. This inter- 
face allows transmission and reception events to be 
processed without CPU intervention. It allows the 
implementation of the time-critical CSMA/CD pro- 
cesses: automatic retransmission, buffer reclama- 
tion, and continuous frame reception and transmis- 
sion. The basic interface is a two-signal DMA hand- 
shake between the 825 60 an d the 82590; this oc- 
curs over the DRQ and EOP pins. The 82590 pro- 
vides the status of the current transmit or receive 
process, or requests another DMA cycle at the end 
of each DMA cycle. When configured for the Tightly 
Coupled Interface, the 82560 and the 82590 use a 
specific interrupt scheme to minimize CPU overhead 
and to improve data throughput. The 82590 will not 
generate interrupts when events occur that can be 
handled by the 82560 without CPU intervention. Fig- 
ure 5 illustrates the Tightly Coupled Interface mech- 
anism. Ta ble 3 lists the various combination of the 
DRQ and EOP signals, and the events they repre- 
sent. 



Table 3. DMA Handshake Encoding 



DRQ 


ESP 


Event Status 


0 


0 


Operation Done 


0 


1 


Idle 


1 


0 


Retry Request 


1 


1 


New DMA Transfer Request 



If both DRQ and EOP are sampled high, the Current 
Address Register of the channel is incremented and 
another DMA cycle begins. If a frame is transmitted 
or received without errors, both DRQ and EOP are 
low at the end of the DMA cycle and the 82560 will 
generate an interrupt. If DRQ is high and EOP is low, 
a collision occured during transmission, or an error 
occurred during reception. In this case the Current 
Address Register will be reloaded with the value in 
the Base Address Register; and, once again, it will 
point to the beginning of the frame structure in mem- 
ory. 



The DACK1/CS1.E0P pin of the 82590 is multi- 
plexed and requires external logic to derive the EOP 
and CS1 signals (see 82590 data sheet). Beca use 
the 82560 integrates this logic, its DACK1/E0P pin 
can be connected (with a pullup resistor) directly to 
the DACK1/CS 1/E0P pin of the 82590, and its 
DACKO/DACK pin can be connected directly to the 
DACK pin of the 82590. For more details, see the 
8259X Users Manual. 
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Figure 6. 82560, 82590 DMA Handshake 
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Transmit 

The 82590 can transmit consecutive frames without 
using the CPU to issue the Transmit command each 
time. This improves data throughput during transmis- 
sion and eliminates CPU overhead. The CPU can 
place multiple transmit frames in memory, with each 
frame separated from the next by a Transmit Com- 
mand byte. (For further information see 82590 and 
82592 user manuals.) The 82560 supports transmit 
chaining. It also supports automatic retransmit on 



collision (provided that the maximum number of col- 
lisions is not reached), in this case the current ad- 
dress register is reloaded with the value of the base 
address register, and the DMA transfer is resumed 
without CPU involvement. If the maximum number of 
collisions has been reached, or if transmit failed for 
any other reason, the 82560 will need CPU interven- 
tion. Thus it will generate an interrupt to the CPU. At 
the end of transmission of each frame, the 82560 
updates the status byte (indicating the number of 
collisions) in the memory. 
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Figure 7. Example of a 4-kB Transmit Ring Buffer 
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Receive 

Immediately after a channel is enabled for receive, 
the 82560 will write FFh into the first two bytes of the 
frame (pointed to by the base register). The current 
address register is loaded with the contents of the 
base register and is incremented twice (past the two 
reserved bytes). If an error occurs during reception, 
and the save bad frame bit is 0, the CAR is reloaded 
with the content of the BAR and incremented past 
the two reserved bytes; however, if the save bad 
frame bit is set, the CAR is incremented for the next 



frame and the 82560 generates an interrupt to the 
CPU. If no error occurs, the last two bytes received 
(which are always stored in 82560 internal registers) 
are copied back to the first two bytes of the frame. 
These are the byte counts. If the 82590 generates 
an interrupt on each frame reception the 82560 will 
relay that interrupt to the CPU. At this time the value 
of the CAR will be copied into BAR, FF will be writ- 
ten into the next two bytes, and CAR will be incre- 
mented as before to point to the new frame recep- 
tion area. 
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Figure 8. Example of a 4-kB Receive Ring Buffer 
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Table 4. Address Map 



ncocnvcu 


orn 






riL/0 1 wiKJUtz rxCKjuo i izn 








STOP 0 


2Eil 
2Dh 


CO CO 00 


STOP 1 


nciocnvcitJ 


ORh 


3Bh 




UPPER LIMIT REGISTER 0 


2Ah 
29h 


3Ah 
jyn 
38h 


UPPER LIMIT REGISTER 1 


RECEIVE TEMP. REGISTERS 


27h 


37h 




LOWER LIMIT REGISTER 0 


26h 
25h 
24h 


36h 
35h 
34h 


LOWER LIMIT REGISTER 1 


DMA CONTROL REGISTER 0 


23h 


33h 


DMA CONTROL REGISTER 1 


ADDRESS Current . 
REGISTER 0* ^" ^ 


22h 

91 h 

£. 1 n 
20h 


32h 
31h 
30h 


BASE Base/ 
ADDRESS Current 
REGISTER 1 Bit = 1 


PI IRRFMT 

ADDRESS °f ® 0 
REGISTER Ot "^'^ " 


21 h 
20h 


32h 
31h 
30h 


CURRENT B 
ADDRESS 0 
REGISTER n ^ 


DMA MODF RFfil^TFR 


1Fh 






nwo 1 

ADDRESS 
REGISTER H 


1 Fh 

1 CM 

1Dh 

1Ch 


* Base/Current bit refers to the read cycles 
only. When writing, both base and current 
are updated. 

t 0 refers to DMA channel 0. 

1 1 refers to DMA channel 1 . 

§ In the 8259X, address 03h and 05h are 
used for accessing Port 0 and Port 1 
respectively. 


SELECT 
REGISTER 


IBh 
1Ah 


RESERVED 


19h 
18h 


INT MASK RFf5L<5TFR 


17h 


INT CONTROL/STATUS REGISTER 


16h 


82588 STATUS 2 REGISTER 


15h 


82588 STATUS 1 REGISTER 


14h 


RESERVED 


13h 


CONTROL REGISTER 


12h 


IDENTIFICATION REGISTER 


11h 


MASTER MODE REGISTER 


10h 


SEMAPHORES 


OFh 
t 

08h 


CS DACK1 DACKO 

1 1 1 07h 
1 1 0 06h 
1 0 1 05h 
SCS PORTS§ 1 0 0 04h 
0 1 1 03h 
0 1 0 02h 
0 0 1 01h 
0 0 0 OOh 



NOTE: 

When writing to 3-byte registers, the most significant byte (higher address) should be written last. The value written into the 
most significant bytes should be 0. The third bytes are reserved for possible future use. 
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82588 TIGHTLY COUPLED MORE 

The 82560 supports a Tightly Coupled Interface 
(TCI) with the 82588. This interface allows transmit 
and receive events to be processed without CPU 
intervention. It allows the combination of the 82588 
and 82560 to implement time-critical, CSMA/CD 
events: automatic retransmission, buffer reclama- 
tion, and continuous frame reception (see 82588 
Reference Manual). When configured for the 82588 
TCI mode, the 82560 uses the 82588 INT pin to de- 
termine if an event has occurred. The 82560 then 
reads the 82588 status register(s) to determine the 
cause of the interrupt. If the interrupt is due to a 
collision during transmission, a good frame recep- 
tion, or errors during frame reception then the 82560 
will update its DMA address registers and issue the 
82588 the commands necessary for minimizing CPU 
intervention. The 82560 will regenerate all 82588 in- 
terrupts except those generated when a collision oc- 
curs during transmission (with the maximum retry 
count not exceeded). Because transmit and receive 
interrupts are time-critical processes the 82560 au- 
tomatically acknowledges such interrupts to reduce 
dependency on the CPU. It will regenerate the inter- 
rupt on its INTOUT pin unless the interrupt is due to 
a transmit collision. 

If the 82588 issues an interrupt due to a collision 
during transmission, and the maximum retry count 
has not been exceeded, the 82560 will automatically 
reload the Current Address Register with the value 
in the Base Address Register, acknowledge the in- 
terrupt, and issue a retransmit command to the 
82588. If the interrupt is due to the reception of a 
good frame, the 82560 will update its Base and Cur- 
rent Address Registers and prepare for a new in- 
coming frame. If the interrupt is due to a receive 
frame error, the 82560 will reclaim the buffer by re- 
setting the Current Address Register to the begin- 
ning of the frame buffer. 

If the 82588 is unable to transmit due to having ex- 
ceeded the maximum retry count or a Lost-CTS con- 
dition or a Lost-CRS condition, an interrupt is gener- 
ated; the 82560 will not update its DMA address reg- 
isters. It will, however, acknowledge the 82588 inter- 
rupt and regenerate the interrupt on its INOUT pin. 



PROGRAMMING 

The 82560 registers may be logically grouped into 
Device Configuration registers. Status registers and 
DMA address registers. Table 4 shows all of the 
82560 registers and their addresses. All registers ex- 
cept receive temporary registers, 82588 status 1 
and 2 registers, and the identification register, which 
are read only, are read/write registers. 

The registers can be accessed by the host CPU. The 
RD signal indicates the direction of data transfer be- 
tween the 82560 and the CPU. The actual data 
transfer takes place over the 82560's 8-bit data bus 
lines (D7-D0). The address of the register being ac- 
cessed is taken from the address lines A5-A0. 

Since the 82560's data bus is 8-bits wide, all access 
to its registers is on a byte basis. If a register is 
longer than 1 byte, each byte has to be accessed 
individually through its unique address in the 82560 
register space. 

On pQw^r-up or reset, the 82560 registers are set to 
a default configuration. The user must initialize the 
82560 for the proper system configuration. 

The SCS ports occupy eight addresses in the 82560 
register space. The SCS ports should not be thought 
of as registers. They are merely addresses in the 
register space whi ch, when addres sed, activate a 
combination of the DACKO, DACK1 or CS pins. The 
particular combination of these pins signal levels de- 
pends on the SCS port address being accessed. 
The semaphore ports allow resource sharing in a 
dual processor (intelligent adapter) environment. 
Each port can be used as a semaphore to imple- 
ment mutual exclusion. 



CONFIGURATION REGISTERS 

By programming these registers, the 82560 can be 
tailored to support different PCs, slaves and memo- 
ries. The memory access mode (I/O or memory 
mapped) and the type of DMA support (loosly or 
tightly coupled) can also be programmed. 



1-69 



inteT 



82560 



MASTER MODE REGISTER (lOh) 



D7 


0 


D5 


D4 


D3 


0 




Do 



H6st bus Interface 

00 equal data bus width 
*■ 01 double data bus width* 

► 01 double data bus width* 

with special receive 

► 1 0 reserved 
Reserved 

Base/Current select (1/0) 
HRDY delay 

► 00 no delay 

► 01 0.5 clock delay 

► 10 1.5 clock delay 

► 1 1 2.5 clock delay 
Reserved 

Host/DMA Idle priority (1 or 0) 



* IN SOME VERSIONS OF 82560. THIS MODE IS NOT TESTED. 
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CONTROL REGISTER (12h) 



0 


0 


0 


D4 


D3 


D2 


Di 


Po 



— ► I/O access delay (0 to 3) 
Early/Late write option (1/0) 
Mennory access delay (0 to 3) 

— ► Reserved 
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HOST MODE REGISTER (2Fh) 



0 


0 


0 


0 


0 


0 


Dl 


Do 



Enable/Disable pipeline mode (1/0) 
Pipeline direction read/write (1/0) 
Reserved 

General purpose input 
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INTERRUPT MASK REGISTER (17h) 



D 


7 


D 


6 


D 


5 


D 


4 


D 


3 


D 


2 


D 


1 


Do 

























(l/O-mapped memory access) 



SELECT REGISTER, HIGH BYTE (1Bh) 



Dy 


De 


D5 


D4 


D3 


D2 


Di 


Do 



High bits of the host-selected address 
HRDY delay reference source 
Memory or I/O mapped (1/0) 
Enable/Disable memory access (1/0) 
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DMA MODE REGISTER (IFh) 



Dy 


De 


D5 


0 


0 


0 


0 


0 



Reserved 

Save/Discard bad frame (1/0) 
DMA Mode 

> 00 loosely coupled (regular) 

*- 10 8259X Tightly Coupled Interfaced 

► 01 82588 TCI 
1 1 reserved 

290180-14 
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INTERRUPT MASK REGISTER (17h) 







0 


0 


D3 


D2 




Do 



u 



Level/Edge sensitive (1/0) 
High/Low true assert (1/0) 

► 00 no change* 

► 01 enable slave Interrupt 

► 10 disable slave Interrupt 

► 1 1 reserved 



Reserved 

Disable/Enable Tx chain (1/0) 
Enable/Disable interrupt tri-state (I/O) 
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* Whenever one of these bits Is "1" While writing to this register, other bits are not affected. 



Host Address Registers 

Contain the initial memory address when the host accesses memory in I/O mapped or pipeline mode. 

Identification/Software Reset Register 

Writing to this address will reset the chip. Reading from it will provide the user with 82560 stepping information. 



MASTER MODE REGISTER (10h) DMA Control Register* (23h or33h) 







D5 


D4 


D3 


D2 




Do 



1_ 



Disable/Enable DACKO during 
DMA cycles (1/0) 



Disable/Enable, DACK1/E0P during 
DMA cycles (1/0) 

Disable CS during DMA cycles (1/0) 
Direction bit: memory read/write (1/0) 
Enable/Disable DMA channel (I/O) 
-> Receive/Execution channel (1/0)t 
Reserved 
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D5 


D3 


DMA Channel Function 


0 


0 


Transmit 


0 


1 


Dump (588 or 590/592) 


1 


0 


Reserved (Do Not Use) 


1 


1 


Receive 



*Each DMA channel has its own control register. 

tThe following table shows the encoding of bits 3 and 5: 
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INTERRUPTS 

In the non-tightly coupled mdde, the 82560 will gen- 
erate an interrupt when the Current Address register 
equals the Stop register or when the interrupt input 
pin is active. 

In the tightly coupled modes, the conditions for gen- 
erating Stop register interrupts are the same howev- 
er, the 82560 will generate 82590 interrupts only if 
its source was one of the following. 

• Transmission of every frame, or last frame, in the 
chain is completed (programmable). 



• Transmission failed because of a collision, and 
the maximum number of Transmit retries is 
reached. 

• Transmission failed for a reason other than colli- 
sion; e.g., lost CRS/CTS. 

• Reception failed, and the Save Bad Frame bit is 
set. 

• Reception completed. 

The interrupt control register is read by the interrupt 
routines to determine the exact source of the inter- 
rupt. 



INTERRUPT STATUS READ REGISTER (16h) 



0 


0 


D5 


D4 


D3 


D2 


0 


Do 



External Interrupt 
Reserved 

DMA channel-O-done Interrupt 
DMA channel-Q-stop Interrupt 
DMA channel- 1 -done Interrupt 
DMA channel- 1 -stop Interrupt 
Reserved 



NOTE: 

The interrupt control register is written to acknowledge and reset the interrupt. 



INTERRUPT CONTROL WRITE REGISTER (16h) 



0 



Test/ACK external Interrupt 
-► Reserved 



Test/ACK DMA channel-O-done Interrupt 
Test/ACK DMA channel-O-stop Interrupt 
Test/ACK DMA channel- 1 -done Interrupt 
Test/ACK DMA channel- 1 -stop Interrupt 
Reserved 

Test/ACK Interrupt control register 

290180-18 
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SYSTEM INTERACTION 

A typical 82560 system interaction is described be- 
low. 

1 . The CPU configures the 82560 by writing to con- 
figuration registers. 

2. The CPU accesses the local memory (through the 
82560) and prepares a block of transmit frames. 

3. The CPU writes the proper addresses into the 
82560's DMA address registers, (base, current, low- 
er limit upper limit and stop). 

4. The CPU writes to the 82560's DMA control regis- 
ters to configure and enable the channels. 

5. The CPU issues a transmit command to the 
82590. 

6. The 82560 responds to the 82590's DMA request 
by transferring data from memory to the 82590. 

7. Upon completion of transmission, the 82560 
sends an interrupt to the CPU. 

8. The CPU reads the 82560 interrupt control regis- 
ter to find the source of the interrupt. 

9. The CPU issues a command to the 82590 to clear 
its interrupt. (If the source of the interrupt was the 
82590.) 

10. The CPU acknowledges the 82560 interrupt by 
writing a "1" into the corresponding interrupt control 
register bit(s). 



APPLICATIONS 

Figure 9 shows a buffered, nonintelligent StarLAN 
adapter for the IBM PC bus (using the 82560 and the 
82590). Figure 10 shows a buffered, nonintelligent 
Ethernet adapter for the IBM PC bus (using the 
82560, 82592, 82C501 and the 82502). 



82560 MACHINE CYCLE 

The 82560 machine cycle can be broken down into 
three basic cycles: Idle (T|dle)i Arbitration (Ta) and 
Transfer (Tjsf)- The machine cyqie, l:?egins when a 
request (HF or DRQ) becomes active and the 82560 
is in the idle state (T|dle)- The requests are synchro- 
nized and then undergo arbitration (Ta). Once arbi- 
tration is completed, the transfer cycJe (Tjsf) be- 
gins. 

Synchronization (Ts) is completed on the falling 
edge of the clock. If the previous cyqIe was non-idle, 
arbitration begins and is completed within one clock 
period (by the next falling edge of the clock). 

The Transfer cycle consists of the following sequen- 
tial states: the first transfer state (T-i), memory or I/O 
wait states (Tw), and the second transfer state (T2). 
There may be another transfer state, T^h (wait host), 
during host read or pipeline cycles. When no re- 
quests are pending, and the 82560 is not in the 
transfer or arbitration cycle, it is said to be in the idle 
state (T|dle). If the previous cycl^ was non-idle, the 
arbitration period (Ta and T2 of the previous cycle 
will be done in parallel. (See Figure 4.) 

Tw is the programmable portion of the transfer cy- 
cle. It can be zero to three clocks long depending on 
the programmed memory or I/O access delays. If 
the programmed delay is zero, then there will be no 
Tw; the first state of the transfer cycle will be T-|. 
During T2 the transfer cycle is completed unless the 
cycle is a host read cycle. In that case the cycle will 
be extended by inserting Twh- Th^ 82560 will remain 
in Twh until the HF lines are deasserted. Once HF 
lines are deasserted, T2 will begin and one clock 
period later the bus cycle is complete. 
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PC I/O CHANNEL 



OSCILLATOR 
10 MHz 



13 



A— fpECODER I 



HRDY 
CLK 



< 

82560 



o a o o 
5 z g g 



12 



XCV1 

GCS 
D0-D7 
MOE 
CSO 



^ k MAO- MAI 2 
o o 



♦5V— AA/Sr— " • 
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CLK 
RESET 



82590 



07 -DO 



1 i i 



Front- End Interface 
TX RX 



TO PHONE JACK 



\13 





ADDRESS 


cs 




DATA 


ROM 


OE 





DATA 
OE 

cs 

ADDRESS 
WE 



SRAM 
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PC I/O CHANNEL 



O 
IT 

&> 
"O 

3 



fi) 
T3 



^ 00 



09 

cn 
<o 

JO 

00 
IS) 

o 



6) 

3 
Q. 

do 

IS) 

en 
o 

IS) 




RG-58 COAX 



I 82C501 \ 
1 CNETXCVR I 



BNC 
T- CONNECTOR 





ADDRESS 


cs 


ROM 


DATA 




OE 





DATA (DO- 


7) 


OE 




CS 


SRAM 


ADDRESS 




WE 





DATA (D8- 


15) 


OE 




CS 


SRAM 


ADDRESS 


WE 
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82560 



ABSOLUTE MAXIMUM RATINGS' 

Case Temperature (TC) 
under Bias 0°Cto +85"C 

Storage Temperature -65°C to + ISO^C 

Voltage on any Pin with 

Respect to Ground -0.5V to Vcc + 0.5V 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS TC = o^'Cto +85''C, Vcc = +5V ±10% 

CLK pin has MOS levels (see Vmil. Vmih) All other signals have TTL levels (see V|l, V|h, Vql. Vqh)- 



Symbol 


Parameter 


MIn 


Max 


Units 


Test Conditions 


V|L 


Input Low Voltage (TTL) 


-0.5 


+ 0.8 


V 




V|H 


Input High Voltage (TTL) 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage (TTL) 




0.45 


V 


Iql = 3.2 mA 


VOH 


Output High Voltage (TTL) 


2.4 


Vcc 


V 


Iqh = -400 juiA 


Vmil 


Input Low Voltage (MOS) 


-0.5 


0.6 


V 




Vmih 


Input High Voltage (MOS) 


Vcc - 0.6 


Vcc + 0.5 


V 




Ili 


Input Leakage Current 




±10 


]u.A 


0 = V|N - Vcc -0.45 


Ilo 


I/O Leakage Current 




=F10 


jixA 


0.45 = VouT = Vcc -0.45 


Qn 


Capacitance of Input Buffer 




10 


PF 


FC = 1 MHz 


Cqut 


Capacitance of Input/Output Buffer 




20 


PF 


FC = 1 MHz 


ice 


Power Supply Current 




50 


mA 


10 MHz 



A.C. CHARACTERISTICS Cl on all outputs is 60 pF. The user should add 0.2 ns/pF up to 100 pF 



Symbol 


Parameter 


MIn 


Max 


Test Conditions 


SYSTEM CLOCK INPUT PARAMETERS 


T1 


CLK Cycle Period 


100 




(Notel) 


T2 


CLK Low Time 


45 




(Notel) 


T3 


CLK High Time 


45 




(Notel) 


T4 


CLK Rise Time 




5 


(Note 2) 


T5 


CLK Fall Time 




5 


(Note 3) 


HOST ACCESS CYCLE— NON PIPELINE MODE PARAMETERS 


T6 


HF or DREQ Setup Time 


10 






T7 


HF Active Time (Low) 


2*T1 + 10 




(Note 5) 


T8 


HF Inactive Time (High) 


T1 + 10 






T9 


HFtoHRDY Low 




50 




T10 


HF Active to HDRY High 


2*T1+50 


(Note 4) 


(Note 9) 


Til 


HRDY High to HF Inactive 


0 




(Note 5) 
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A.C. CHARACTERISTICS 

Cl on all outputs is 50 pF. The user should add 0.2 ns/pF up to 100 pF (Continued) 



Symbol 


Parameter 


Min 


Max 


Test Conditions 


HOST ACCESS CYCLE— NON PIPELINE MODE PARAMETERS (Continued) 


T12 


HF Inactive to HRDY Float 




75 




T13 


HF Active to XCVR Lines Low 


T1+T2 


2*T1+T2 + 75 


(Note 6) 


T14 


HF Inactive to XCVR Lines High 


(Note 7) 


75 




T15 


HF Active to RD Low 




TH-T2+10 




T16 


RD Hold after HF Inactive 


0 






T17 


HF Active to Input Add. Valid 




-20 




T18 


Address Hold after HF Inactive 


0 




(Note 8) 


T19 


HF Active to 82560 Data Valid 




3*T14-80 


(Note 9) 


T20 


Data Hold after HF Inactive 


T1+T2 






T21 


HF Active to 82560 Add Valid (MAn). 




2*T1+T2 + 75 


(Note 9) 


T22 


Add Valid or Chip Select Active Time 


2*T1 


(Note 10) 




T23 


HF Active to CS Active 




2*Tl+T2 + 50 


(Note 9)* 


T24 


CS Enveloping Controls 


20 






T25 


Control Active Time 


(Note 11) 


(Note 11) 




T26 


HF to Data Valid 




3*T1-30 




127 


Data Hold after HRDY High 


(Note 12) 






HOST ACCESS CYCLE— PIPELINE MODE PARAMETERS 


T28 


HF Active Time 


T1 + 10 


(Note 13) 


(Note 9) 


T29 


HF Active to Port CS Active 




2*T1+75 


(Note 6) 


T30 


HF Inactive to HRDY Low 




75 




T31 


HRDY Low to HRDY High 




(Note 14) 




132 


Port CS Active Time 


2*T1 


(Note 14) 




T33 


HF Inactive to Buffer Write 


10 






T34 


Write Active Time 


T1-10 


T1 + 10 




DMA PARAMETERS 


135 


DRQn High or INTR to Clock 
Low Setup Time 


50 




(Note 15) 


T36 


DRQn Low to Clock Low, Hold Time 


10 






137 


EOP Pulse Width 


. T1 






138 


Address Delay Time 




T2 + 75 




T39 


CS. CSn, DAKn Delay Time 




T2 + 50 




T40 


CSn Delay Time (Slave to SRAM Flyby) 




50 




T41 


IORD__MWR, lOWR Delay Time 




45 




142 


IORD_MWR, lOWR Active Time 


(Note 16) 


(Note 16) 
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A.C. CHARACTERISTICS 

Cl on all outputs Is 50 pF. The user should add 0.2 ns/pF up to 100 pF (Continued) 



Symbol 


Parameter 


MIn 


Max 


Test Conditions 


INTERRUPT PARAMETERS 


143 


Interrupt Delay Time 




75 




T44 


Interrupt Gap 


3*T1-10 






RESET PARAMETERS 


145 


Reset Setup Time 


50 






146 


Reset Active Time (High) 


4*T1 







*For pin HRDY 4 mA. 



NOTES: 

1 . Measured at Vcc/2. 

2. 3.2V to 1.8V. 

3. 1.8V to 3.2V. 

4. The following configuration affect the HRDY output going active (high). 
Legend: 

TIE) — ^The configuration of HRDY delay (master mode register, TID = 0,.5,1. 5,2.5 ). 
TIO — ^The configuration of I/O access delay (Control register, 
TIO = 0,1,2,3 ). 

TMEM— The configuration of MEM access delay (Control register, TMEM = 0,1,2,3 ). 
"If bit 5 of Register at Address 1BH then (TID+2)*T1 +75 
else [TID + TIO(or TMEM) + 2] *T1 + 75" 

5. The user should not that the XCVR lines goes Inactive Immediately after HF Inactlvatlon. 

6. Provided that the HOST wins arbitration. 

7. In the case of HOST write cycle the XCVR lines will go high at the end of the 82560 cycle even If HF lines are still active. 
In the case of HOST read cycles, the 82560 will terminate the local cycle after HF lines are inactivated. 

8. Address lines are latched at the end of T1 of 82560 HOST bus cycles. 

9. The maximum time specified assumes that the HOST wins the arbitration. If the HOST loses the arbitration to a DMA 
request two possible scenerlos are: 

a) Arbitration lost to a single DMA cycle. In this case [(greater of TIO and TMEM) + 2]*T1 should be added to the 
max. time. 

b) Arbitration lost to a DMA cycle which is followed by four locked DMA cycles, in this case [(greater of TIO and 
TMEM)*5 + 10]*T1 should be added to the max. time. This might happen In the rare case when the HOST request 
coincides with the last receive or transmit transfer, In the TCI mode. 

1 0. [TIO(or TMEM) + 2] *T1 + 10. 

In the case of long (HF) HOST memory read requests, It would be extended until the request is removed. 

11. Min = [TIO(orTMEM) + 1]*T1-10, Max = [TIO(or TMEM) + 1]*T1 + 10. 

12. This parameter depends on TIO. In terms of machine states, data remains valid until the end of the cycle (end of state 
T2). 

13. (TMEM + 2)*T1+75+ Tsystem. 
Tsystem = delay from HRDY to HF Inactive. 

This maximum time refers to a second memory request immediately following a first one, assuming that the first one 
was not delayed by a DMA cycle. 

1 4. [TIO(or TMEM) + 2] *T1 + 75. 

1 5. This is an asynchronous signal (DRQn only in its leading edge). It is internally synchronized. Meeting this parameter, 
assures recognition on the next clock. 

1 6. Min = [(greater of TIO and TMEM) + 1 ] *T1 + T2 + 1 0 
Max = [(greater of TIO and TMEM) + 1 ] *T1 + T2 + 1 0 
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A.C. TESTING INPUT & OUTPUT WAVEFORM SYSTEM CLOCK TIMING 



).45 — ^ >^ 



-TEST POINTS ► 1 



DC 



290180-21 

A.C. Testing Inputs are Driven at 2.4V for a Logic "1" 
and 0.45V for a Logic "0". Timing Measurements are 
made at 1.5V for both a Logic "1" and "0". 



-T3- 



-12- 



-Tl- 
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WAVEFORMS 

HOST READ CYCLE— NON PIPELINE MODE 



CLK 



HFn 



HRDY 



XCVn 



RD 



A0-A12, BMn 



Data Valid 



MA0-12,CSn 



CCS, OS. DACKn 



iORD/MWR 



MOE 



T13-* 



-TIS-^ 



-«T17- 



y~ VALID 




HOST READ FROM 82560 



— h 



H-T16 



3 



-T20- 



HOST READ FROM I/O or SRAM 



-T21- 



-T23- 



~T22- 



-T22- 



"-T24 



— T24 



T24 



-T25- 



•T42- 



-••T24- 
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WAVEFORMS (Continued) 

HOST WRITE CYCLE— NON PIPELINE MODE 



CLK 



HFn 



HRDY 



XCVn 



RD 



A0-A12, BMn 



Data Valid 



MAO- 12 



CSn. GCS. CS, DACKn 



lORD/MWR.IOWR 



T13-* 



VALID 




HOST WRITE TO 82560 



'T26 



-T14 



3 



-T27- 



HOST WRITE TO I/O or SRAM 



-T21- 



-T23 



-T22- 



-T22- 



-^T24 



T24-* 



-T25- 
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WAVEFORMS (Continued) 

HOST READ CYCLE— PIPELINE MODE 



CLK 



HFn 



HRDY 



XCV1 



RD 



BMn 



MAO- 12, 
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WAVEFORMS (Continued) 

HOST WRITE CYCLE— PIPELINE MODE 
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WAVEFORMS (Continued) 

DMA FLYBY CYCLE— SRAM TO SLAVE 
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82590 

ADVANCED CSMA/CD LAN CONTROLLER 
WITH 8-BIT DATA PATH 



Supports Industry Standard LANs 

— Ethernet and Cheapernet (IEEE 802.3 
10BASE5 and 10BASE2) 

— StarLAN (IEEE 802.3 1 BASES) 

— IBMTM PC Network — Baseband and 
Broadband 

Integrates Physical and Data Link 
Layers of OSI Model 

— Complete CSMA/CD Medium Access 
Control (MAC) Functions 

— Manchester, Differential Manchester, 
or NRZI Encoding/Decoding 

— On-Chip, Logic-Based Collision 
Detection 

— IEEE 802.3 or HDLC Frame Delimiting 

— Broadband Ethernet (IEEE 802.3 
10BROAD36) 

Two Modes of Operation 

— Bit Rates up to 4 Mb/s with On-Chip 
Encoder/Decoder (High-Integration 
Mode) 

— Bit Rates up to 20 Mb/s with 
External Encoder/Decoder (High- 
Speed Mode) 

High-Performance System Interface 

— 16-MHz Clock, 2 Clocks per Transfer 

— 64 Bytes of Configurable FIFO 



Efficient Memory Use via Buffer and 
Frame Chaining 

DMA Interface for Retransmission and 
Continuous Reception without CPU 
In terve ntion 

— EOP Signal Generation for 8237 and 
82380 

— Tightly Coupled Interface to 82560 
Host Interface and Memory Manager 

82588 Pin- and Software-Compatible 
Mode 

Local and Remote Power-Down Modes 
Deterministic Collision Resolution 
24-Bit General Purpose Timer 
On-Chip Jabber Inhibit Function 

Network Management and Diagnostics 

— Monitor Mode 

— CRC, Alignment, and Short Frame 
Error Detection 

— Three 16-Bit Event Counters 

— Short or Open Circuit Localization 

— Self-Test Diagnostics 

— Internal and External Loopback 
Operation 

— Internal Register Dump 

High-Speed CHMOS III Technology 



16-BIT 
EVENT 
COUNTERS 



PARALLEL 
Subsystem 



REGISTERS 
COMMAND 
STATUS 



RECEIVE A- 
FIFO Sr 



TRANSMIT 
FIFO 



MEDIUM 
ACCESS 
CONTROL 
UNIT 



FIFO 
Subsystem 



COLLISSION 
DETECTION 
LOGIC 



CLOCK 
GENERATOR 
TIMING 



SERIAL 
Subsystem 



Figure 1. 82590 Block Diagram 

*IBM, PC, PCAT, PCXT are trademarks of International Business Machines. 
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28 
27 
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25 
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23 
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PVcc 

0ACK1/CS1/EOP 

□ INT 

□ RESET 

□ fCLK/CRS 

□ cot 

□ CTS/LPBK 

□ RTS 
TxO 

□ RxO 

□ ORQI 

□ ORQO 

□ RxC/x2 

□ TxC/xl 
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Figure 2. 82590 Pin Configuration (DIP) 

The 82590 is a second-generation, 8-bit data path 
CSIVIA/CD controller. Its system interface enables 
efficient operation with a wide variety of Intel micro- 
processors (such as iAPX 188, 186, 286, or 386) and 
industry standard buses (such as the IBM PC I/O 
channel or Personal System/2TM Micro ChannelTM). 
The 82590 can be configured to support a wide vari- 
ety of industry standard networks, including StarLAN 
and Ethernet/Cheapernet. 

The 82590 provides a natural upgrade path for exist- 
ing 82588 applications, since it is pin and software 
compatible with its predecessor. Its rich incremental 
functionality compared to the 82588 can be utilized 
by selectively modifying existing software drivers. 

Together with the 82560 (Host Interface and Memo- 
ry Manager) the 82590 offers a complete solution for 
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Figure 3. 82590 Pin Configuration (PLCC) 

CSMA/CD LAN adapters oriented to the IBM PC en- 
vironment. The 82590 fully conforms to existing 
IEEE 802.3 standards (1BASE5, 10BASE5, 
10BASE2, and 10BROAD36). Intel also offers the 
82592, a 16-bit data path version of the 82590, for 
higher performance applications. 

The 82590 is available in a 28-pin Plastic DIP or a 
44-pin PLCC package. It is fabricated with Intel's reli- 
able CHMOS III technology. 
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Table 1. 82590 Pin Description 



Symboi 


Pin No. 
(DIP) 


Pin No. 
(PLCC) 


Type 


Name and Function 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


6 
7 
8 
9 

10 
11 
12 
13 


10 
11 
12 
13 
14 
18 
19 
20 


I/O 


DATA BUS— The Data Bus lines are bidirectional, three-state lines 
connected to the CPU's Data Bus for transfers of data, commands, 
status, and parameters. 


RD 


5 


9 


1 


READ— Together with CSO, CS1, DACKO, or DACK1, Read controls 
data or status transfers out of the 82590. 


WR 


3 


4 


1 


WRITE— Together with CSO, CS1 , DACKO, or DACK1 , Write 
controls data or command transfers into the 82590. 




2 


3 


1 


CHIP SELECT (PORT 0)— When LOW, the 82590 is selected by 
the CPU for command or status transfer through PORT 0. 


RESET 


25 


40 


1 


RESET — A HIGH signal on this pin causes th6 82590 to terminate 
current activity. This signal is internally synchronized and must be 
held HIGH for at least four Clock (CLK) cycles. 
When the Clock signal is provided internally (CLKSRC is strapped 
HIGH), the RESET signal must be held HIGH for at least 50 juts. 
(PLCC version only.) 


INT 


26 


41 


0 


INTERRUPT— A HIGH signal on this pin notifies the CPU that the 
82590 is requesting an interrupt. 


DRQO 


17 


26 


0 


DMA REQUEST (CHANNEL 0)— This pin is used by the 82590 to 
request DMA transfer. DRQO remains HIGH as long as the 82590 
requires DMA transfers. Burst transfers are thus possible. 

vviic;ii lile oc.'DXsKj lb piugreiiTinic^u lur i lyiuiy ouupic^u iriic?rTd.uc;, uic; 

82590 notifies the DMA controller of the status of transmission or 
reception, using this pin together with EOF. 


DRQ1 


18 


27 


0 


DI\/IA REQUEST (CHANNEL 1)— This pin is used by the 82590 to 
request DMA transfer. DRQ1 remains HIGH as long as the 82590 
requires DMA transfers. Burst transfers are thus possible. 
When the 82590 is programmed for Tightly Coupled Interface, the 
82590 notifies the DMA controller of the status of transmission or 
reception, using this pin together with EOF. 


DACKO 
DACK 


1 


2 


1 


DMA ACKNOWLEDGE (CHANNEL 0)— When LOW, this input 
signal from the DMA controller notifies the 82590 that the requested 
DMA cycle is in progress. This signal acts similarly to Chip Select for 
data and parameter transfers, using DMA channel 0. 
DMA ACKNOWLEDGE (CHANNELS 0 AND 1)— When the 
DACK1 /CS1 /EOF pin is programmed to CS1 /EOF, this pin 
provides a DMA acknowledge for both channels 0 and 1 . Two DMA 
acknowledge signals from the DMA controller, DACKO and DACK1 , 
must be externally ANDed in this mode of operation. 
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Table 1. 82590 Pin Description (Continued) 



Symboi 


Pin No. 
(DIP) 


Pin No. 
(PLCC) 


Type 


Name and Function 


DACK1 


27 


42 




This is a multifunction, bidirectional pin which can be programmed to 


C§T/E5P 






1 

I/O 


DACK1 or CS1 /EOF during configuration. When it is configured for EOF, it 
proviaeo an open<^arain ouipui. 

DMA ACKNOWLEDGE (CHANNEL 1)— When LOVy, this input signal from 
the DMA controller notifies the 82590 that the requested DMA cycle is in 
progress. This signal acts similarly to Chip Select for data and parameter 
transfers, using DMA channel 1 . 

CHIP SELECT (PORT 1)— When LOW, the 82590 is selected by the CFU 
for command or status transfer through FORT 1 . 
END OF PROCl|$&— A LOW output signal requests the DMA controller to 
terhninate the iactiye DMA service. 


CLK 


4 


5 


1 

I/O 


CLOCK— In the 28-pin DIF, this is only an input pin. A TTL-compatible 
clock input to this pin provides the timing for the 82590 parallel 
subsystem. 

In the 44-pin FLCC, this pin can be a clock input or output, depending on 
the state of CLKSRC. If CLKSRC is strapped LOW, this pin is a clock input 
which provides timing for the 82590 parallel subsystem. If CLKSRC is 
strapped HIGH, the clock for the 82590 parallel subsystem is generated 
from the internal clock generator. The CLK pin is then a clock output and 
provides a clock signal whose frequency can be one-half of or identical to, 
the frequency of the internally generated parallel subsystem clock, 
depending on the st^te of FREQ. Note that the maximum frequency of the 
clock signal supplied by the CLK pin is 8 MHz. 










CLKSRC 


FREQ 


CLK 


Clock for the 










Type 


Sigital 


Parallel Subsystem 










0 (LOW) 


Don't 
Care 


1 


Clock 


Clock as Provided on the CLK Fin 










1 (HIGH) 


1 


0 


Internal 
Parallel 
Subsystem 
Clock Divided 
by Two 


Frescaled Clock Generated from 
the Internal Clock Generator 










1 


0 


0 


Internal 
Parallel 
Subsystem 
Clock 


Frescaled Clock Generated from 
the Internal Clock Generator 


CLKSRC 


NA 


6 


1 


CLOQK SOURCE— When strapped LOW, a clock signal on the CLK pin 
provides timing for the parallel subsystem. When strapped HIGH, timing 
for the parallel subsystem is iriternally generated from the clobk generator 
provided in the serial subsystem. The internal prescaler is programmed 
during configuration to determine the frequency of the clock for the 
parallel subsysterr)* 


FREQ 


NA 


7 


1 


FREQUENCY— When strapped LOW, CLK has an output frequency equal 
to that of the internal parallel subsystem clock. When strapped HIGH, CLK 
has an output frequency one-half that of the internal parallel subsystem 
clock. The state of this pin is relevant only when CLKSRC is strapped 
HIGH. 
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Table 1. 82590 Pin Description (Continued) 



Symboi 


Pin No. 
(DIP) 


Pin No, 
(PLdC) 


Type 


Name and Function 


X1/X2 


15/16 


24/26 


1 


High Integration Mode 

OSCILLATOR INPUTS— These inputs may be used to connect a 
quartz crystal which controls the internal clock generator for the 
serial Subsystem^ When CLKSRC is strapped HIGH, the clock 
generator also provides a clock for the parallel subsystem. 
XI may also be driven by a MOS-level clock whose frequency is 8, 
10, 16, or 18 times the bit rate of Transmit/ Receive data. X2 must 
be left floating if XI is connected to an external MOS clock. 


TxC 
RxC 


15 
16 


24 
25 


1 
1 


High Speed Mode 

TRANSMIT CLQCK—This sigrial provides the fundamental timing 
for the serial subsystem. The clock is also used to transmit data 
synchronously on the TxD pin. For NRZ encoding, data is 
transferred to the TxD pin on the HIGH to LOW clock transition. For 
Manchester encoding, the transmitted bit center is aligned with the 
LOW to HIGH transition. 

RECEIVE CLOCK— This clock is used to synchronously sample 
data on the RxD pin. Only NRZ data format is supported for 
reception. The state of the RxD pin is sampled on the HIGH to LOW 
transition. 


TCLK/CRS 


24 


36 


1 

0 


CARRIER SENSE~rln High Speed Mode this pin is Carrier Sense, 
CRS, arid is used to notify the 82590 that the serial link is active 
TRANSMIT CLOCK— In High Integration Mode this pin is Transmit 
Clock, TCLK. 


CDT 


23 


35 


1 


COLLISION DETECT— This input notifies the 82590 that a collision 
has occurred. In High Speed Mode a collision is sensed by this pin 
only when the 82590 is configured for external Collision Detect 
(external means are then required for collision detection). In High 
Integration Mode collisions are sensed by this pin regardless of the 
internal or external Collision Detect configuration of the 82590. 


RxD 


19 


31 


1 


RECEIVE DATA— This pin receives serial data. It must be HIGH 
when not receiving. 


TxD 


20 


32 


0 


TRANSMIT DATA— This pin transmits data to the serial link. It is 
HIGH when not transmitting. 


RTS 


21 


33 


0 


REQUEST TO SEND— When this signal is LOW the 82590 notifies 
the channel that it has data to transmit. It is forced HIGH after a 
reset or when transmission is stopped. 


CTS/LPBK 


22 


34 


i/0 


CLEAR TO SEND^An active LOW signal which enables the 82590 
to istart transmitting data. Asserting this signal HIGH stops the 
transmission. 

LOOPBACK— This pin, in conjunction with a pull-down resistor, can 
be programmed to provide an active HIGH loopback signal to the 
external interface device. 


Vcc 


28 


1 

43 
44 




POWER: +5V ±10Vo 


Vss 


14 


21 
22 
23 




GROUND: OV 
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FUNCTIONAL DESCRIPTION 



Internal Architecture 

The 82590 consists of a parallel subsystem, a serial 
subsystem, and a FIFO subsystem (see Figure 1). 



Parallel Subsystem 

The parallel subsystem consists of a bus interface 
unit (Bill), command and status registers, a 24-bit 
general purpose timer, and three 1 6-bit event coun- 
ters. 

The BlU provides an 8-bit data bus interface to the 
external system bus. It handles all data transfers to 
and from memory (at speeds up to 8 Mbytes/sec), 
accepts commands from the CPU, and provides 
status to the CPU. There are two separate I/O ports, 
Port 0 and Port 1 ; and two separate DMA channels, 
Channel 0 and Channel 1. Port 0 is the 82588-com- 
patible I/O port through which the CPU issues com- 
mands such as Transmit and Receive Enable. The 
82590's enhanced features, such as the general 
purpose timer and event counters, are accessed 
through Port 1 . The two DMA channels are indepen- 
dent of each other and can be used for high-per- 
formance operations such as simultaneous trans- 
mission and reception. 

The 24-bit timer consists of a 24-bit maximum count 
register, a 24-bit count register, and associated con- 
trol bits in the command registers, its clock source 
can be the transmit clock or the parallel subsystem 
clock. The timer can be programmed to halt or con- 
tinue on a terminal count with or without causing an 
interrupt. 

The three 16-bit event counters can be programmed 
to count valid frames, collided frames, and errored 
(CRC or Alignment) frames. When these event 
counters are used in Monitor mode, the 82590 is 
capable of maintaining the network statistics by it- 
self; i.e., without requesting DMA services or causing 
interrupts to the CPU. 



Serial Subsystem 

The serial subsystem consists of a CSMA/CD unit, a 
data encoder and decoder, collision detect and car- 
rier sense logic, and a clock generator. 

The 82590's CSMA/CD unit is highly flexible in im- 
plementing the CSMA/CD protocol. It can operate in 
a variety of IEEE 802.3 and other CSMA/CD LAN 
environments, including 1BASE5 (StarLAN, 



10BASE5 (Ethernet), 10BASE2 (Cheapernet), and 
the IBMTM PC Network (Baseband and Broadband). 
The programmable parameters include: 

• Framing (IEEE 802.3 Framing or HDLC Framing) 

• Address Field Length 

• Station Priority 

• Interframe Spacing 

• Slot Time 

• CRC-32orCRC-16 

The CSMA/CD unit also has a mode of operation 
which implements deterministic collision resolution 
(DCR). The DCR algorithm is fully compatible with 
the MULTIBUSTM II Serial System Bus (SSB) specifi- 
cations. 

The encoder and decoder in the serial subsystem is 
capable of NRZI, Manchester, and Differential Man- 
chester encoding and decoding at bit rates up to 4 
Mb/s in High-Integration Mode, and Manchester en- 
coding at bit rates up to 20 Mb/s In High-Speed 
Mode. A digital phase-lock loop Is used in High-Inte- 
gration Mode td decode the receive data and to gen- 
erate the synchronous receive clock. 

The collision detect and carrier sense logic generate 
the internal collision detect and carrier sense signals 
for the CSMA/CD unit. 

The 82590 implements several different internal, 
logic-based collision detect mechanisms. Two of 
these. Code Violation and Bit Comparison, are also 
available with the 82588. The Code Violation meth- 
od defines a collision where a transition edge occurs 
outside the area of normal transitions (as specified 
by the data encoding method). For example, if there 
are no mid-bit cell transitions in the Manchester en- 
coded data, this method interprets that condition as 
a collision. The Bit Comparison method compares 
the signature of the transmitted frame to the signa- 
ture of the received frame. If the signatures iare dif- 
ferent, a collision is assumed to have occurred. Two 
other internal collision detect methods implemented 
in the 82590 are Source Address Comparison and 
StarLAN CPS (Collision Presence Signal) Recogni- 
tion. The Source Address Comparison compares the 
source address field of the transmitted frame to the 
source address field of the received frame. If the 
source addresses are different, it assumes that a 
collision has occurred resulting in data corruption in 
the source address field. The StarLAN CPS Recog- 
nition method looks for the specific collision pres- 
ence signal defined by the IEEE 802.3 1 BASES 
standard. Other abnormal circumstances, such as 
no carrier for more than one-half slot time in the 
receive channel during transmission, are interpreted 
as collisions by the 82590. 
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In addition to these internal, logic-based collision de^ 
tection methods, an external means of collisio n de- 
tectipn can be used in parallel by using the CDT 
input pin. 

The clock generator in the serial subsystem is avail- 
able only in High-Integration Mode and provides tim- 
ing for the serial subsystem. The clock signal can 
also be routed to the parallel subsystem, if so de- 
sired. The oscillator circuit is designed for use with 
an external, parallel resonant, fundamental mode 
crystal. The crystal frequency should be selected at 
8X, 10X, 16X, or 18X the required serial bit rate. 

FIFO Subsystem 

The FIFO subsystem is located between the parallel 
subsystem and the serial subsystem. It consists of a 
transmit FIFO, a receive FIFO, and FIFO control log- 
ic. The transmit arid receive FIFOs are independent 
of each other and individually provide optimal inter- 
faces between the two subsystems which may have 
different speeds. There is a total of 64 bytes that can 
be used for the two separate FIFOs. During configu- 
ration these 64 bytes can be divided into one of four 
possible combinations: 16 and 16 bytes, 16 and 48 
bytes, 32 and 32 bytes, or 48 and 16 bytes for the 
transmit and receive FIFO respectively. The FIFO 
threshold is also programmed during configuration. 

PROGRAMMING MODEL— REGISTER 
OVERVIEW 

Figure 4 shows the 82590 internal registers that are 
directly accessible through the 8-bit I/O ports: Port 0 
and Port 1^ The registers enclosed in darker lines 
are 82588-compatible registers and are accessible 
only thrpugh Port 0. 

Figure 5 shows the Port 0 command^. All of the Port 
0 commands are compatible with the 82588 except 
for the NOP command with, the channel bit set to 1. 
If the NOP command is executed with the channel 
bit set to 1, the active po rt is s witched to Port 1, Port 
0, which is selected by CSO in hardware^ logically 
becomes Port 1. When the hardware does not sup- 
port the second chip select, CS1, this software port 



switch command is used, Figure 6 shows the Port 1 
commands. When the SWT-TO-PORT-0 command 
is executed, the active port is switched back to Port 
0. 

The 82590 can be configured to have 4 or 6 bytes of 
status registers in Port 0 (see Figures 4 and 7). 
When configured to 4 bytes of status registers, for- 
mats of these registers are identical to those of the 
82588. The first three status registers (STATUS 0 
through 2) contain the information about the last 
command executed or the last frame received. The 
last status register, STATUS 3, contains the state of 
the 82590. When the 82590 is configured to 6 bytes 
of status registers, the two additional bytes are used 
to report a more complete status of the most recent- 
ly received frame. 

Status of the timer and event counters is available in 
the Port 1 status registers as shown in Figure 8. 

82590 AND HOST INTERACTION 

The CPU interacts with the 82590 through the sys- 
tem's memory and the 82590's on-chip registers. 
The CPU creates a data structure in memory, pro- 
grams the external DMA controller with the start ad^ 
dress and byte count of the memory block, and is- 
sues a command to the 82590. 

The chip select and interrupt lines are used to com- 
municate between the 82590 and the CPU as shown 
in Figure 9. The interrupt signal is used by the 82590 
to attract the CPU's attention. The chip select signal 
is used by the CPU to attract the 82590's attention. 
Note that the 82590 does not have any address 
lines. 

There are two kinds of transfers over the bus: com- 
mand/status and data transfers. The command/ 
status transfers are always performed by the CPU. 
The data transfers are requested by the 82590, and 
are usually performed by a DMA controller. Table 2 
shows the command/status and data transfer con- 
trol signal s. Th e C PU w rites commands to the 82590 
using the CSO ( or CS 1) and WR signals, and reads 
status using the CSO (or CS1) an d RD sig nal s. When 
data transfers are performed, DACKO or DACK1 
must be asserted by the DMA controller instead of 
the Chip Select. 
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STATUS 0 



STATUS 1-0 



STATUS 1-1 



STATUS 2-0 



STATUS 2-1 



STATUS 3 



PORT 0 COMMAND (WRITE ONLY) 
^COMMAN^I 



Port 0 Status (Road Only) 

7 0 



6 or 4 
Bytes of 

Status 
Registers 



STATUS 0 



STATUS 1 



STATUS 2 



STATUS 3 



PORT 1 COMMAND (WRITE ONLY) 
7 0 



COMMAND 



PARAMETER 0 



PARAMETER 1 



PARAMETER 2 



Port 1 Status (Read Only) 
7 0 



STATUS 0 



STATUS 1 



STATUS 2 



STATUS 2 



Port 1 Tinner/Counter Count Registers (Read Only) 
23 16 15 8 7 0 



1 


TIMER 






COUN 


TER 1 


COUNTER 2 


1 

COUNTER 3 



Port 1 TInfier/Counter Maximunn Count Registers (Read Only) 
23 16 15 8 7 0 



1 


TIMER 






COUN 


TER 1 


COUNTER 2 


1 

COUNTER 3 



Figure 4. Programming iUlodel^Directly Accessible Registers 
(Accessible Through 8-Bit I/O Port[s]) 
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, Port 0 
7 6 5 



Command 
4 3 2 1 0 



-►CHNL 



-► PTR 



► in=ack[ 



NOP 


0 (CHNL = 0) 




0 (CHNL=1) 


lA- SETUP 


1 


CONFIGURE 


2 


MC- SETUP 


3 


TRANSMIT 


4 


TDR 


5 


DUMP 


6 


DIAGNOSE 


7 


RETRANSMIT 


12 


ABORT 


13 


RCV- ENABLE 


8 


ASSIGN- ALT- BUF 9 


RCV -DISABLE 


10 


STOP -RCV 


11 


FIX-PTR 


15 (CHNL=1 


RLS-PTR 


15 (CHNL = 0 


RESET 


14 


CHANNEL 0 


0 


CHANNEL 1 


1 


STATUS 0 


00 


STATUS 1 


01 


STATUS 2 


10 


STATUS 3 


11 


NO ACKNOWLEDGE 


0 



ACKNOWLEDGE 
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Figure 5. Port 0 Commands 



Port, 0 Command 
7 6 5 4 3 2 10 



r-rr 



►TC/GP [ 



— ►OPCODE 

(TC/GP = 0) 



(TC/GP =1) 



PTR 

(TC/GP = 0) 



(TC/GP = 1 ) 



GENERAL PURPOSE 


0 


TIMER/COUNTERS 


1 


NOP 


0 


SWT -TO- PORT -0 


1 


SET-TS 


5 


RST-TS 


7 


LCL-PWR-DWN 


8 


RMT-PWR-DWN 


9 


FIX - PTR 


12 


RLS-PTR 


13 


RESET 


14 


SEL-RST 


15 


NOP 


0 


START 


1 


STOP 


2 


RESUME 


3 


LD a? START 


5 


ACK-INT 


7 


COUNT 


8 


START- ALL- COUNTERS 9 


SET- VAL 


10 


SET-CONF 


11 


RD- MAX -COUNT -VAL 12 


RD- COUNT- VAL 


13 


RESET 


14 


STATUSO 


GO 


STATUS 1 


01 


STATUS2 


10 


STATUS3 


11 


TIMER 


00 


COUNTER 1 


01 


C0UNTER2 


10 


C0UNTER3 


11 


NO ACKNOWLEDGE 


0 


ACKNOWLEDGE 


1 



Figure 6. Port 1 Commands 
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INT 



RCV 
CHNL 



Status Registers— 6 Bytes 

5 4 3 2 1 



RCV 



EXEC 



CHNL 



T 

EVENT 



RESULT 1 



RESULT 2 



RECEIVE BYTE COUNT (LOW)/FRAME COUNTER 



1 

RCV STATE 



RECEIVE BYTE COUNT 
(HIGH) 



BUF. CHAIN'G 
NO. OF BUF. 



EXEC 
CHNL 



EXEC STATE 
I 



STATUS 0 
STATUS 1-0 
STATUS 1-1 
STATUS 2-0 
STATUS 2-1 
STATUS 3 



290147-7 



Status Registers — 4 Bytes 
(82588 Compatible Modes) 



INT 



RCV 
CHNL 



EXEC 



RCV STATE 
I 



CHNL 



1 1 

EVENT 
J I 



RESULT 1 



RESULT 2 



BUF. CHAIN'G 
NO. OF BUF. 



EXEC 
CHNL 



EXEC STATE 
I 



STATUS 0 
STATUS 1 
STATUS 2 
STATUS 3 
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Events 


Value 
(Status 0) 


Events 


Value 
(Status 0) 


CMOS* 


0(CHNL = 1) 


Diagnose-Passed 


7 


lA-Setup-Done 


1 


End-Of-Frame 


8 


Configure-Done 


2 


Request-Next-Buffer 


9 


MC-Setup-Done 


3 


Reception-Aborted 


10 


Transmit-Done 


4 


Retransmit-Pone 


12 


TDR-Done 


5 


Execution-Aborted 


13 


Dump-Done 


6 


Diagnose-Failed 


15 



•Available only after Hardware or Software Reset 



Figure 7. Port 0 Status Registers 



T/C 



EVENT 
I 



TIMER/COUNTER STATUS 



TIMER/COUNTER CONFIGURATION 



P0RT1 COMMAND 
STATUS 



TIMER/COUNTER 
CONFIOgRATION , 



STATUS 0 
STATUS 1 
STATUS 2 
STATUS 3 
290147-9 



Timer/Counter Events 
(T/C = 1) 


Value* 
(Status 0) 


Timer Expired 


BitO = 1 


Counter 1 Expired 


Bit 1 = 1 


Counter 2 Expired 


Bit2 = 1 


Counter 3 Expired 


Bit3 = 1 


General Purpose Event 
(GP = 1) 


Value* 
(Status 0) 


REM-PWR-UP 


9 



*The 82590 may have more than one EVENT bit set by the time the CPU reads the status register. 

Figure 8. Port 1 Status Registers 

1-95 



irrteT 



82590 



[Pl^lilLllIMlOKl^W 





MEMORY 




CPU 1 






INT 
> 


CSO 
CS1 

'2 h 



8 - BIT SYSTEM BUS 



DMA 
CONTROLLER 



DRQO.DRQI 

* 7f 



E 



82590 



DACKO. DACK1 



LINE DRIVERS 
OR RF MODEM 



SERIAL LINK 



290147-10 



Figure 9. 82590/Host CPU Interaction 
Tabie 2. Data Bus Controi Signais and Functions 



Pin Name 




CSO 

csr 


RD 


WR 


Function 


1 
0 


X 

1 


X 

1 


No Transfer To/From 
Command/Status 


0 


0 


0 


Illegal 


0 


0 


1 


Read from Status 
Register 


0 


1 


0 


Write to Command 
Register 


DACKO 
DACK1* 


RD 


Wr 




1 
0 


X 
1 


X 

1 


No DMA Transfer 


0 


0 


0 


Illegal 


0 


0 


1 


Data Read from DMA 
Channel 0 (or 1) 


0 


1 


0 


Data Write t6 DMA 
Channel 0 (or 1 ) 



To initiate an operation such as Transmit or Config- 
ure (see Figure 5), the command from the CPU must 
first be written to the 82590. Any parameters or data 
associated with the command are transferred from 
memory to the 82590 using DMA. Upon completion 
of the operation, the 82590 updates the appropriate 
status registers and sends an interrupt to the CPU. 



FRAME TRANSMISSION 

To transmit a frame, the CPU prepares a Transmit 
Data Block in memory as shown in Figure 10. Its first 
two bytes specify the length of the rest of the block. 
The next few bytes (up to six) contain the destination 
address of the station the frame is being sent to. 
The rest of the block is the data field. The CPU pro- 
grams the DMA controller with the start address of 
the block, length of the block, and other control in- 
formation and then issues a Transmit command to 
the 82590. Upon receiving this command, the 82590 
fetches the first two bytes of the block to determine 
its length. If the link is free and the first data byte 
was fetched, the 82590 begins transmitting the pre- 
amble and concurrently fetches more bytes trom the 
Transmit Data Block and loads them into the trans- 
mit FIFO to keep them ready for transmission. 



*Only one of CSO, CS1, DACKO, or DACK1 may be active 
at any time. 
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BLOCK BYTE COUNT 



DESTINATION ADDRESS 



DATA FIELD 



CPU GENERATED 
DATA STRUCTURE IN MEMORY 
(TRANSMIT DATA BLOCK) 



PREAMBLE 



SFD (BOF FLAG) 



DESTINATION ADDRESS 



SOURCE ADDRESS 



LENGTH FIELD 



INFORMATION FIELD 



PADDING (OPTIONAL) 



FRAME CHECK SEQUENCE 



EOF FUG (OPTIONAL) 



PADDING (OPTIONAL) 



GENERATED BY 82590 



FROM 82590 
- INDIVIDUAL 
ADDRESS 



GENERATED BY 82590 
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Figure 10. The 82590 Frame Structure and Location of Data Eiement in System l\/lemory 



The destination address is transmitted after the pre- 
amble. This is followed by the source or the station 
individual address, which was previously stored in 
the 82590 by the lA-Setup command. After this, the 
entire information field is transmitted, followed by a 
CRC field calculated by the 82590. If a collision is 
encountered during transmission of the frame, then 
the transmission is aborted after a jam pattern Is 
sent. If the collision is detected during preamble or 
SFD (Start Frame Delimiter) transmission, the 82590 
transmits the jam pattern after the SFD is transmit- 
ted. An interrupt is then generated to inform the CPU 
of the unsuccessful transmission due to a collision. 
The CPU reinitializes the DMA controller and issues 
a Retransmit command to the 82590. Retransmis- 
sion is done by the CPU exactly as the Transmit 
command is done, except the Retransmit command 
keeps track of the number of collisions encountered. 
When the 82590 gets the Retransmit command and 
the backoff timer is expired, it transmits the frame 
again. Retransmission is repeated until the attempt 
is successful, or until the preprogrammed retry num- 
ber expires. 

If the 82590 is programmed to generate the EOP 
signal to the 8237 or 82380 DMA controller, or if it is 
used with a DMA controller which implements the 



Tightly Coupled Interface, retransmission is per- 
formed without CPU intervention. 



FRAME RECEPTION 

The 82590 can receive frames when its receiver has 
been enabled. The 82590 checks for an address 
match for an Individual address, a Multicast address, 
or a Broadcast address. In the Promiscuous mode 
the 82590 receives all frames. When the address 
match is successful, the 82590 transfers the frame 
to memory using the DMA controller. Before en- 
abling the receiver, it is the CPU's responsibility to 
make a memory buffer area available to the receiver 
and to properly program the starting address of the 
DMA controller. The received frame is transferred to 
the memory buffer in the format shown in Figure 1 1 . 
This method of reception is called Single Buffer re- 
ception; the entire frame is contained in one continu- 
ous buffer. Upon completion of reception, the status 
of the reception is appended at the end of the re- 
ceived frame in the memory buffer, and the total 
number of bytes transferred to the memory buffer is 
loaded into the internal status registers 1 and 2. An 
interrupt is then generated to inform the CPU of the 
frame reception. 



1-97 



82590 



IPI^ilLDMOMV 













BLOCK LENGTH 
BL 




DESTINATION 
ADDRESS 








DESTINATION 
ADDRESS 




SOURCE 
ADDRESS 




BLOCK 
LENGTH 




INFORMATION 




INFORMATION 




DATA BLOCK IN MEMORY FOR 








TRANSMISSION 




FRAME STATUS 








SINGLE BUFFER RECEPTION , 
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Figure 11. Single Buffer Reception 



If the frame size is unknown, memory usage can be 
optimized by using Multiple Buffer reception. In this 
mode of operation, the CPU and DMA Controller can 
dynamically allocate memory space as it receives 
frames. This method requires both DMA channels to 
receive the frame alternately. As frame reception be- 
gins, the 82590 interrupts the CPU and automatically 
requests assignment of the next available buffer. 
The CPU does this and loads the second DMA 
channel with the next buffers information so the 
82590 can immediately switch to the other channel 
when the current buffer is full. When the 82590 
switches from the first to the second buffer it again 
interrupts the CPU and requests another buffer to be 
allocated on the previous channel. This process 
continues until the entire frame is received. The re- 
ceived frame is spread over multiple memory buff- 
ers. The link between the buffers is easily main- 
tained by the CPU, using a buffer chain descriptor 
structure in memory as shown in Figure 1 2. This dy- 
namic allocation of memory buffers results in effi- 
cient use of available storage when handling frames 
of widely differing sizes. 

If the 82590 is programmed to generate the EOP 
signal to the 8237 or 82380 DMA controller, or if it is 
used with a DMA controller which implements the 
Tightly Coupled Interface, buffer reclamation and 



more advanced data structures for the buffer area 
can significantly improve system performance. 



EOP SIGNAL TO THE DMA 
CONTROLLER 

The 82590 can be programmed to assert the EOP 
signal to the 8237 or 82380 DMA controller when 
one or more of the following occurs: 

• A collision during transmission 

• An error (CRC or alignment) during reception 

• A good frame reception 

If the 8237 or 82380 is programmed for Auto-initial- 
ize mode and if the 82590 is programmed to assert 
the EOP signal on a collision during transmission, 
the retransmission following a collision is done auto- 
matically by the 8237 and the 82590. The 8237 will 
reinitialize itself automatically and the 82590 will re- 
transmit the same frame from the same memory 
area without CPU intervention. When the 82590 is 
programmed for this mode it does not interrupt the 
CPU upon a collision, and the CPU does not need to 
issue a Retransmit command to the 82590. The CPU 
is interrupted only after a successful transmission or 
retransmission, or after a transmission failure, such 
as DMA underrun. 
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® BUFFER 1 



@ BUFFER 2 



® BUFFER N 



DEST ADDR 



SOURCE ADDR 



INFO 1 



BUFFER # 1 



INFO 2 



BUFFER # 2 



BUFFER CHAIN DESCRIPTION 
(MANAGED BY CPU) 



INFO N 



STATUS 



BUFFER #N 



Figure 12. Multiple Buffer Reception 



If the 82590 is programmed to assert the EOP signal 
when an error occurs during reception, the 8237 or 
the 82380 in Auto-initialize mode will be able to re- 
claim the memory area which would othenA^ise be 
wasted for the errored fr ame r eception. If the 82590 
is programmed to assert EOP at the end of a frame 
reception, automatic buffer switching can be accom- 
plished by alternating the DMA channels with the 
8237 or the 82380. When the 82380 is used, the 
buffer switching can be done with only one DMA 
channel. 



The EOP signal must be derived from the DACK1 / 
CS1/E0P pin using external logic (see Figure 13). 



82590/82560 TIGHTLY COUPLED 
INTERFACE 

The 82590 has a mode of operation called "Tightly 
Coupled Interface.". In this mode the 82590 provides 
a tightly coupled interface to a DMA controller in or- 
der to execute some of the time-critical processes of 
the CSMA/CD protocol without any CPU interven- 
tion. By using the 82590's companion chip, the 
82560, or by implementing the Tightly Coupled Inter- 
face in a DMA controller^, operations such as auto- 
matic retransmission, continuous back-to-back 
frame reception, and trainsmit and/or receive buffer 
chaining can be accomplished. 

The 82590 provides the status of the current active 
transmission or rec eption to the DMA controller by 
using the DRQ and EOP signals at the end of every 
DMA cycle. The status is encoded according to Ta- 



ble 3. As long as the 82590 generates_DRQ High 
and EOP Floating at the rising edge of RD or WR, 
the DMA controller repeats DMA transfers. If the 
transmission is completed without collisions or if the 
reception is good (no collisi on, no CRC, or no Align- 
ment error), then DRQ and EOP both become Low 
at the end of a DMA transfer which follows the last 
DMA data transfer. If the transmission encountered 
a collision or if t he rec eption had an error, DRQ be- 
comes High and EOP becomes Low. The DMA con- 
troller must decode these signals appropriately and 
must reinitialize the DMA channel so it can retrans- 
mit the same frame or reclaim the otherwise wasted 
buffer. It is the DMA controller's responsibility to re- 
program itself for the next appropriate operation. 

The 82560 fully implements the Tightly Coupled In- 
terface and provides very high-performance DMA 
services for the 82590 with minimal CPU involve- 
ment. 



NETWORK MANAGEMENT AND 
DIAGNOSTICS 

The 82590 provides a large set of diagnostic and 
network management functions including: internal 
and external loopback, monitor mode, optional cap- 
ture of all frames regardless of destination address 
(Promiscuous mode), and time domain reflectometry 
for locating fault points in the network cable. The 
82590 Dump command ensures software reliability 
by dumping the contents of the 82590 internal regis- 
ters into the system memory. 
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5V 



EOP O- 



CS1 O- 



l> 



DACKO 
DACK1 



B=0 



DRQO O- 



DRQ1 O- 



RD O- 



WR O- 



CSO O- 



82590 
DACKI/CTl/EOP 



DACKO 



DRQO 



DRQ1 



RD 



WR 



C$0 
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Figure 13. Demultiplexing DACK/CS1/E0P Pin 
Table 3. Transmit/Receive Status Encoding on DRQ and EOP 



DRQ 


EOP 


Status information 


0 


Hi-Z 


Idle 


.1 


Hl-Z 


DMA Transfer 


0 


0 


Transmission or Reception Terminated OK 


1 


0 


Transmission or Reception Aborted 



OTHER ENHANCEMENTS 

Compared to the 82588 the 82590 has a number of 
functional and performance enhancements. This 
section lists some of these enhancements which are 
not covered In other sections. 

O Muiti-IA — ^The 82590 implements multiple-indi- 
vidual address (Multl-IA) filtering. It can receive 
more than one lA frame in this mode. 

® Power Down Modes— Two power down 
modes, Local Power Down and Remote Power 
Down, are available. When the 82590 is in Re- 
mote Power Down mode, it can be powered up 
remotely by sending a special frame to it. 

(D Automatic Padding and IEEE 802.3 Length 
Field— If a frame to be transmitted is shorter 
than the configured Slot Time, the 82590 auto- 
matically appends pad bytes up to the shortest 



® 



frame greater than the Slot Time. If the data 
field of a received frame is longer than the byte 
count indicated in the Length field, the extra 
bytes are stripped automatically according to 
the Length field. Erroneous conditions are de- 
tected and reported by the 82590. An example 
of such conditions is reception of a frame 
which is shorter than the byte count indicated 
in the Length field. 

Automatic Retransmission on Collision Dur- 
ing Preamble— The 82590 can be pro- 
grammed to retransmit automatically if it de- 
tects a collision during transmission of the 
preamble. 

On-Cliip Jabber Inhibit Function— The 82^90 
can be programmed to provide an on-chip jab- 
ber inhibit function. 



1-100 



® CRC Transfer to Memory— The 82590 can 
be programmed to transfer the CRC field of a 
received frame into memory. 

(3) Loopback Signal to the 82C501— The 82590 
can be programmed to provide an active High 
loopbacic signal to the 82C501 (see Figure 14). 

® StarLAN— The 82590 can be configured to 
recognize the IEEE 802.3 1BASE5 Collision 
Presence Signal (CPS). In thi s mode it also de- 
lays deactivation of the RTS signal at the end 
of a frame transmission in order to insert an 
end-of-frame marker according to the stan- 
dard. 



APPLICATIONS 

The 82590 can be used in a variety of applications. 
When it is used in High-Integration Mode, it imple- 
ments most of the Data Link and Physical Layer 
functions required by the IEEE 802.3 1BASE5 (Star- 
LAN) and the IBM PC Network— Baseband and 
Broadband. When it is used in High-Speed Mode, it 
can work with the 82C501 and a standard transceiv- 
er for IEEE 802.3 10BASE5 (Ethernet) and 
10BASE2 (Cheapernet) implementations. 
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If the desired network requires determinism, the 
82590's Deterministic Collision Resolution (DCR) 
method can be used. 

Figure 15 shows a block diagram of an 
82590/82560 High Integration adapter board. The 
82560 provides the following functions: DMA for the 
82590 with Tightly Coupled Interface and dual-port 
memory control for the static RAM. The 82590 is 
configured to High-Integration mode to minimize the 
serial interface logic. 
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Figure 14. Loopback Output to the 82C501 
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D7-D0 
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Front-end Interface 
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82592 

ADVANCED CSMA/CD LAN CONTROLLER 
WITH 16-BIT DATA PATH 



Supports Industry Standard LANs 

— Ethernet and Cheapernet (IEEE 802.3 
10BASE5 and 10BASE2) 

— Broadband Ethernet (IEEE 802.3 
10BROAD36) 

— StarLAN (IEEE 802.3 1 BASES) 

— IBM* PC Network— Baseband and 
Broadband 

Integrates Physical and Data Link 
Layers of OSI Model 

— Complete CSMA/CD Medium Access 
Control (MAC) Functions 

— Manchester, Differential Manchester, 
or NRZI Encoding/Decoding 

— On-Chip, Logic-Based Collision 
Detection 

— IEEE 802.3 or HDLC Frame Delimiting 

Two Modes of Operation 

— Bit Rates Up to 4 Mb/s with On-Chip 
Encoder/Decoder (High-Integration 
Mode) 

-^Bit Rates Up to 20 Mb/s with 
External Encoder/Decoder 
(High-Speed Mode) 

High-Performance System Interface 

— 16-MHz Clock, 2 Clocks per Transfer 

— 64 Bytes of Configurable FIFO 



Efficient Memory Use via Buffer and 
Frame Chaining 

DMA Interface for Retransmission and 
Continuous Reception Without CPU 
In terve ntion 

— EOP Signal Generation for 8237 and 
82380 

— Tightly Coupled Interface to 82560 
Host Interface and Memory Manager 

Supports 8- or 16-Bit DMA Transfers 

Local and Remote Power-Down Modes 

Deterministic Collision Resolution 

24-Bit General Purpose Timer 

On-Chip Jabber Inhibit Function 

Network Management and Diagnostics 

— Monitor Mode 

— CRC, Alignment, and Short Frame 
Error Detection 

— Three 16-Bit Event Counters 

— Short or Open Circuit Localization 

— Self-Test Diagnostics 

— Internal and External Loopback 
Operation 

— Internal Register Dump 

High-Speed CHMOS III Technology 
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Figure 1. 82592 Block Diagram 

*iBM is a trademark of international Business Machines Corporation. 
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35 
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7 


34 


□ WR 
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8 


33 


□ cso 


VssC 


9 


82592 32 


□ dacko/dack 


VssC 


10 


31 
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11 


30 


3 Vcc 


TxC/XiC 


12 


29 


3 Vcc 


R^/X2C 


13 


28 


□ dacki/csi/eop 


DRQOC 


14 


27 


□ INT 


DRQ1C 


15 


26 


□ RESET 
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16 


25 
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17 
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□ D13 


RTSC 


18 
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Cl^/LPBK C 
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CDTC 
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Figure 2. 82592 Pin Configuration (DIP) 

The 82592 is a second-generation, 16-bit data path 
CSMA/CD controller. Its system interface enables 
efficient operation vyith a wide variety of Intel micro- 
processors (e.g., 80186, 80286, or 80386) and in- 
dustry standard buses (such as the IBM PC I/O 
channel or Personal System/2 Micro Channel). The 
82592 can be configured to support a wide variety of 
industry standard networks, including StarLAN, IBM 
PC Network, and Ethernet/Cheapernet. 

The 82592 Is ideal for integrated LAN on mother- 
board solutions. The 82592 architecture offers low 
cost, high performance and minimal real estate re- 
quirements. The 82592's Tightly Coupled Interface 
mode allows it to use host DMA without local buffer- 
ing. An integrated 82592 Ethernet motherboard LAN 
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Figure 3. 82592 Pin Configuration (PLCC) 

will occupy less than five percent of the total moth- 
erboard area. The CHMOS 82592 can be used in 
low power or no-fan systems such as diskless work- 
stations and laptop PCs. The 82592 provides two 
power-down modes for these environments. 

Together with the 82560 (Host Interface and Memo- 
ry Manager) the 82592 offers a complete solution for 
CSMA/CD LAN adapters oriented to the IBM PC en- 
vironment. The 82592 fully conforms to existing 
IEEE 802.3 standards (1BASE5, 10BASE5, 
ldBASE2, and 10BROAD36). Intel also offers the 
82590, an 8-bit data path version of the 82592. The 
82590 is pin and software compatible with the 
82588. 

The 82592 is available in a 40-pin Plastic DIP or a 
44-pin PLCC package. It is fabricated with Intel's reli- 
able CHMOS III technology. 
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Table 1. Pin Description 



Symbol 


Pin No. 
(DIP) 


Pin No. 
(PLCC) 


Type 


Name and Function 


D15 

D14 

D13 

D12 

D11 

D10 

D9 

D8 

D7 

D6 

D5 

D4 

Do 

D2 

D1 

DO 


22 
23 
24 
25 
37 
38 
39 
40 
1 
2 
3 
4 
5 
6 
7 
8 


36 
37 
38 
39 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


I/O 


DATA BUS: The Data Bus lines are bidirectional, three-state lines 
connected to the CPU's Data Bus for transfers of data, commands, 
status, and parameters. 


RD 


36 


8 


1 


READ: Together with CSO, CS1 , DACKO, or DACK1 , Read controls 
data or status transfers put of the 82592. 


Wr 


34 


4 


1 


WRITE: Together with CSO, CS1 , DACKO, or DACK1 , Write controls 
data or command transfers into the 82592. 


CSO 


33 


3 


1 


CHIP SELECT (PORT 0): When LOW. the 82592 Is selected by the 
CPU for command or status transfer through PORT 0. 


RESET 


26 


40 


1 


RESET: A HIGH signal on this pin causes the 82592 to terminate 
current activity. This signal is internally synchronized and must be held 
HIGH for at least four Clock (CLK) cycles. 
When the Clock signal is provided internally (CLKSRC is strapped 
HIGH), the RESET signal must be held HIGH for at least 50 juis. (PLCC 
version only.) 


INT 


27 


41 


0 


INTERRUPT: A HIGH signal on this pin notifies the CPU that the 
82592 is requesting an interrupt. 


DRQO 


14 


27 


0 


DMA REQUEST (CHANNEL 0): This pin is used by the 82592 to 
request DMA transfer. DRQO remains HIGH as long as the 82592 
requires DMA transfers. Burst transfers are thus possible. 
When the 82592 is programmed for Tightly Coupled DMA Interface, 
the 82592 notifies the DMA controller of the status of transmission or 
reception, using this pin together with EOF. 


DRQ1 


15 


28 


0 


DMA REQUEST (CHANNEL 1): This pin is used by the 82592 to 
request DMA transfer. DRQ1 remains HIGH as long as the 82592 
requires DMA transfers. Burst transfers are thus possible. 
When the 82592 is programmed for Tightly Coupled DMA Interface, 
the 82592 notifies the DMA controller of the status of transmission or 
reception, using this pin together with EOF. 
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Table 1. Pin Description (Continued) 



Symboi 


Pin No. 
(DIP) 


Pin No. 
(PLCC) 


Type 


Name and Function 


DACK 




o 


1 


DMA AUivNUWLcDvaic (tonANNcL Q): wnen Luw, mis input Signal 
from the DMA controller notifle$ the 825i92 that the requested DMA cycle 
is in progress. This signal acts similarly to Chip Select for data and 
parameter transfers, using DMA channel 0. 

DMA ACKNOWLEDGE (CHANNELS 0 AND 1): When the DACK1 /CS1 / 
EOP pin is programmed to CS1 /EOP, this pin provides a DMA 
acknowledge for both channels 0 and 1 . Two DMA acknowledge signals 
from the DMA controller, DACKO and DACK1 , must be externally ANDed 
in this mode of operation. 


DACK1 


28 


42 


1 


This is a multifunction, bidirectional pin which can be programmed to 


CS1/E0P 






I/O 


DACK1 or CS1 /EOF during configuration. When it is configured for EOP, 
it provides an open-drain output. 

nMA AOITMOWI PnnP /f^HAMKIPI IV Whon 1 OVA/ thic inniit cinnol 

uiviM Mv#ivnv^wLcu\ac \v^nMnricL i/. wnen lvjvv, inis inpui signal 
from the DMA controller notifies the 82592 that the requested DMA cycte 
is in progress. This signal acts similarly to Chip Select for data and 
parameter transfers, using DMA 
channel 1 . 

CHIP SELECT (PORT 1): When LOW, the 82592 is selected by the CPU 
for command or status transfer through PORT 1 . 
END OF PROCESS: A LOW output signal requests the DMA controller to 
terminate the active DMA service. 


CLK 


35 


5 


1 

I/O 


CLOCK: In the 40-pin DIP, this is only an input pin. A TTL-compatible 
clock input to this pin provides the timing for the 82592 parallel 
subsystem. 

In the 44-pin PLCC, this pin can be a clock input or output, depending on 
tne state ot ulkoHU. it ulkohu is strapped luw, tnis pin is a ciock 
input which provides timing for the 82592 parallel subsystem. If CLKSRC 
is strapped HIGH, the clock for the 82592 parallel subsystem is 
generated from the internal clock generator. The CLK pin is then a clock 
output and provides a clock signal whose frequency can be one-half of, 
or identical to, the frequency of the internally generated parallel 
subsystem clock, depending on the state of FREQ. 
Note that the maximum frequency of the clock signal supplied by the 
CLK pin is 8 MHz. 










CLKSRC 


FREQ 


CLK 


Clocic for the 










Type 


Signal 


Parallel Subsystem 










0 (LOW) 


Don't 
Care 


1 


Clock 


Clock as provided on 
the CLK pin. 










1 (HIGH) 


1 


Q . 


lnt@r'nal Parallel 
Subsystem 
Clock Divided 
by Two 


Prescaled clock 
generated from the 
internal clock 
generator. 










1 


0 


0 


Internal Parallel 

Subsystem 

Clock 


Prescaled clock 
generated from the 
internal clock generator 


CLKSRC 


NA 


6 


1 


CLOCK SOURCE: When strapped LOW, a clock signal on the CLK pin 
provides timing for the parallel subsystem. When strapped HIGH, timing 
for the parallel subsystem is internally generated from the clock 
generator provided in the serial subsystem. The internal prescaler is 
programmed during configuration to determine the frequency of the 
clock for the parallel subsystem. 
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FUNCTIONAL DESCRIPTION 



Internal Architecture 

The 82592 consists of a parallel subsystem, a serial 
subsystem, and a FIFO subsystem (see Figure 1). 

PARALLEL SUBSYSTEM 

The parallel subsystem consists of a bus interface 
unit (BID), command and status registers, a 24-bit 
general purpose timer, and three 16-bit event coun- 
ters. 

The BID provides an 8- and/or 1 6-bit interface to the 
external system bus. It handles all data transfers to 
and from memory (at speeds up to 1 6 Mbytes/sec), 
accepts commands from the CPU, and provides 
status to the CPU. There are two separate 8-bit I/O 
ports, Port 0 and Port 1 ; and two separate 8- or 1 6- 
bit DMA channels, Channel 0 and Channel 1 . The 8- 
bit I/O ports are interfaced to the CPU via the data 
lines D0-D7. The DMA channels can be configured 
for an 8- or 16-bit data path during initialization, and 
are typically interfaced to an external DMA control- 
ler. When the 82592 is reset by hardware or soft- 
ware, the DMA channels are initialized for an 8-bit 
data path; The CPU can then configure the 82592 
for a 1 6-bit data path if desired. Once the DMA 
channels are configured for a 1 6-bit data path all 
subsequent DMA transfers are performed on the 
data lines D0-D15. The two DMA channels are inde- 
pendent and can be used for high-performance op- 
erations such as simultaneous transmission and re- 
ception. 

The 24-bit timer consists of a 24-bit maximum count 
register, a 24-bit count register, and associated con- 
trol bits in the command registers. Its clock source 
can be the transmit clock or the parallel subsystem 
clock. The timer can be programmed to halt or con- 
tinue on a terminal count with or without causing an 
interrupt. 

The three 1 6-bit event counters can be programmed 
to count valid frames, collided frames, and errored 
(CRC or Alignment) frames. When these event 
counters are used in Monitor mode, the 82592 is 
capable of maintaining the network statistics by it- 
self; i.e., without requesting DMA services or causing 
interrupts to the CPU. 



SERIAL SUBSYSTEM 

The serial subsystem consists of a CSMA/CD unit, a 
data encoder and decoder, collision detect and car- 
rier sense logic, and a clock generator. 



The 82592's CSMA/CD unit is highly flexible in im- 
plementing the CSMA/CD protocol. It can operate in 
a variety of IEEE 802.3 and othei- CSMA/CD LAN 
environments, including 1BASE5 (StarLAN), 
10BASE5 (Ethernet), 10BASE2 (Cheapernet), and 
the IBM PC Network (Baseband and Broadband). 
The programmable parameters Include: 

• Framing (IEEE 802.3 Framing or HDLC Framing) 

• Address Field Length 

• Station Priority 

• interframe Spacing 

• Slot Time 

• CRC-32 or CRC-16 

The CSMA/CD unit also has a mode of operation 
which implements deterministic collision resolution 
(DCR). The DCR algorithm is fully compatible with 
the MULTIBUSTM II Serial System Bus (SSB) specifi- 
cations. 

The encoder and decoder in the serial subsystem is 
capable of NRZI, Manchester, and Differential Man- 
chester encoding and decoding at bit rates up to 4 
Mb/s in High-Integration Mode, and Manchester en- 
coding at bit rates up to 20 Mb/s in High-Speed 
Mode. A digital phase-lock loop is used in High-Inte- 
gration Mode to decode the receive data and to gen- 
erate the synchronous receive clock. 

The collision detect and carrier sense logic generate 
the internal collision detect and carrier sense signals 
for the CSMA/CD unit. 

The 82592 implements several different internal, 
logic-based collision detect mechanisms. Two of 
these. Code Violation and Bit Comparison, are also 
implemented in the 82588 (8-bit NMOS High Integra- 
tion LAN Controller), and have been used in a vari- 
ety of applications. The Code Violation method de- 
fines a collision where a transition edge occurs out- 
side the area of normal transitions (as specified by 
the data encoding method). For example, if there are 
no mid-bit cell transitions in the Manchester encod- 
ed data, this method interprets that condition as a 
collision. The Bit Comparison method compares the 
signature of the transmitted frame to the signature of 
the received frame. If the signatures are different, a 
collision is assumed to have occurred. Two other 
internal collision detect methods are Source Ad- 
dress Comparison and StarLAN CPS (Collision Pres- 
ence Signal) Recognition. The Source Address 
Comparison compares the source address field of 
the transmitted frame to the source address field of 
the received frame. If the source addresses are dif- 
ferent, it assumes that a collision has occurred re- 
sulting in data corruption in the source address field. 
The StarLAN CPS Recognition method looks for the 
specific collision presence signal defined by the 
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Table 1. Pin Description (Continued) 



Symboi 


Pin No. 
(DIP) 


Pin No. 
(PLCC) 


Type 


Name and Function 


FREQ 


NA 


7 


1 


FREQUENCY: When strapped LOW, CLK has an output freqency 
equal to that of the parallel subsystem clock. When strapped HIGH, 
CLK has an output frequency one-half that of the parallel subsystem 
clock. The state of this pin is relevant only when CLKSRC Is strapped 
HIGH. 


X1/X2 


12/13 


25/26 


1 


HIGH INTEGRATION MODE OSCILLATOR INPUTS: These inputs 
may be used to connect a quartz crystal which controls the internal 
clock generator for the serial subsystem. When CLKSRC is strapped 
HIGH, the clock generator also provides a clock for the parallel 
subsystem. 

XI may also be driven by a MOS-level clock whose freqency is 8, 10, 
1 6, or 1 8 times the bit rate of Transmit/ Receive data. X2 must be left 
floating if XI is connected to an external MOS clock. 


TxC 


12 


25 


1 


HIGH SPEED MODE TRANSMIT CLOCK: This signal provides the 
fundamental timing for the serial subsystem. The clock is also used to 
transmit data synchronously on the TxD pin. For NRZ encoding, data is 
transferred to the TxD pin on the HIGH to LOW clock transition. For 
Manchester encoding, the transmitted bit center is aligned with the 
LOW to HIGH transition. 


RxC 


13 


26 


1 


RECEIVE CLOCK: This clock is used to synchronously sample data 
on the RxD pin. Only NRZ data format is supported for reception. The 
state of the RxD pin is sampled on the HIGH to LOW transition. 


TCLK/CRS 


21 


35 


1 

0 


CARRIER SENSE: In High-Speed Mode this pin is Carrier Sense, CRS, 
and is used to notify the 82592 that the serial link is active. 
TRANSMIT CLOCK: In High-Integration Mode this pin is Transmit 
Clock, TCLK. 


CDT 


20 


34 


1 


COLLISION DETECT: This input notifies the 82592 that a collision has 
occurred. In High-Speed Mode a collision is sensed by this pin only 
when the 82592 is configured for external Collision Detect (external 
means are then required for collision detection). In High-Integration 
Mode collisions are sensed by this pin regardless of the internal or 
external Collision Detect configuration of the 82592. 


RxD 


16 


30 


1 . 


RECEIVE DATA: This pin receives serial data. It must be HIGH when 
not receiving. 


TxD 


17 


31 


0 


TRANSMIT DATA: This pin transmits data to the serial link. It is HIGH 
when not transmitting. 


rTs 


18 


32 


0 


REQUEST TO SEND: When this signal is LOW the 82592 notifies the 
channel that it has data to transmit. It is forced HIGH after a reset or 
when transmission is stopped. 


CTS/LPBK 


19 


33 


I/O 


CLEAR TO SEND: An active LOW signal which enables the 82592 to 
start transmitting data, Asserting this signal HIGH stops the 
transmission. 

LOOPBACK: This pin, in conjunction with a pull-down resistor, can be 
programmed to provide an active HIGH loopback signal to the external 
interface device. 


Vcc 


29 
30 
31 


1 

43 
44 




POWER: +5V ±10%. 


Vss 


9 
10 
11 


21 
22 
23 




GROUND: OV. 
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IEEE 802.3 1 BASES standard. Other abnormal cir- 
cumstances, such as no carrier for more than one- 
half slot time in the receive channel during transmis- 
sion, are interpreted as collisions by the 82592. 

In addition to these internal, logic-based collision de- 
tection methods, an external means of collisio n de- 
tection can be used in parallel by using the GDI 
input pin. 

The clock generator in the serial subsystem is avail- 
able only in High-Integration Mode and provides tim- 
ing for the serial subsystem. The clock signal can 
also be routed to the parallel subsystem, if so de- 
sired. The oscillator circuit is designed for use with 
an external, parallel resonant, fundamental mode 
crystal. The crystal frequency should be selected at 
8X, 10X, 16X, or 18X the required serial bit rate. 



FIFO SUBSYSTEM 

The FIFO subsystem is located between the parallel 
subsystem and the serial subsystem. It consists of a 
transmit FIFO, a receive FIFO, and FIFO control log- 
ic. The transmit and receive FIFOs are independent 
of each other and individually provide optimal inter- 
faces between the two subsystems which may have 
different speeds. There is a total of 64 bytes that can 
be used for the two separate FIFOs. During configu- 
ration these 64 bytes can be divided into one of four 
possible combinations: 16 and 16 bytes, 16 and 48 
bytes, 32 and 32 bytes, or 48 and 16 bytes for the 
transmit and receive FIFO respectively. The FIFO 
threshold is also programmed during configuration. 



Programming Model— Register 
Overview 

Figure 4 shows the 82592 internal registers that are 
directly accessible through the 8-bit I/O ports: Port 0 
and Port 1. 

Figure 5 shows the Port 0 commands, and Figure 6 
shows the Port 1 commands. The two separate I/O 
ports can b e ac cess ed a t two different addresses 
select ed by CSO and 081 , or at one address elect- 
ed by CSO. When the hardware does not support 
two chip select signals, port switch commands are 
used to access both ports alternately at one ad- 
dress. If the SWT-TO-PORT-1 command is executed 



while in Port 0, the port logically becomes Port 1. 
Software overhead associated with port switching is 
eliminated if two chip select signals are supplied in 
hardware. 

The 82592 can be configured to have 4 or 6 bytes of 
status registers in Port 0 (see Figures 4 and 7). 
When configured to 4 bytes of status registers the 
first three status registers (STATUS 0 through 2) 
contain the information about the last command ex- 
ecuted or the last frame received. The last status 
register, STATUS 3, contains the state of the 82592. 
When the 82592 is configured to 6 bytes of status 
registers, the two additional bytes are used to report 
a more complete status of the most recently re- 
ceived frame. 

The status of the timer and event counters is avail- 
able in the Port 1 status registers as shown in Figure 
8. 



82592 and Host Interaction 

The CPU interacts with the 82592 through the sys- 
tem's memory and the 82592's on-chip registers. 
The CPU creates a data structure in memory, pro- 
grams the external DMA controller with the start ad- 
dress and byte count of the memory block, and is- 
sues a command to the 82592. 

The chip select and interrupt lines are used to com- 
municate between the 82592 and the CPU as shown 
in Figure 9. The interrupt signal is used by the 82592 
to attract the CPU's attention. The chip select signal 
is used by the CPU to attract the 82592's attention. 
Note that the 82592 does not have any address 
lines. 

There are two kinds of transfers over the bus: com- 
mand/status and data transfers. The 8-bit com- 
mand/status transfers are always performed by the 
CPU. The 8- or 16-bit data transfers are requested 
by the 82592, and are usually performed by a DMA 
controller. Table 2 shows the command/status and 
data-transfer control signals. The CP U wr ites c om- 
mands to the 82592 using the CSO (or CS1) and WR 
signals, and reads status using the CSO (or CS1) 
and RD sig nals. Wh en data transfers are performed, 
DACKO or DACK1 must be asserted by the DMA 
controller instead of the Chip Select. 



1-109 



82592 



IPI^ilLDO^OMi^ 



PORT 0 COMMAND (WRITE ONLY) 
7 0 
I COMMAND I 

Port 0 Status (Read Only) 
' 7 0 

STATUS 0 
STATUS 1-0 
STATUS 1-1 
STATUS 2-0 
STATUS 2-1 
STATUS 3 



COMMAND 
PARAMETER 0 
PARAMETER 1 
PARAMETER 2 



Port 1 Status (Read Only) 
7 0 
STATUS 0 
STATUS 1 
STATUS 2 
STATUS 2 



Port 1 Timer/Counter Count Registers (Read Only) 
23 16 15 8 7 0 



1 


TIMER 






COUN 


TER 1 


COUN 


FER 2 


COUN 


TER 3 



Port 1 Timer/Counter Maximum Count Registers (Read Only) 



23 16 15 8 7 0 



1 


TIMER , 1 




coun|ter 1 


COUNjrER 2 


counIter 3 



Figure 4. Programming li/lodel— Directiy Accessibie Registers 
(Accessible Tiirougii 8-Bit I/O Port[s]) 



6 or 4 
Bytes of 
Status 
, Registers , 



STATUS 0 



STATUS 1 



STATUS 2 



STATUS 3 



PORT 1 COMMAND (WRITE ONLY) 
7 0 
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Port 0 Command 
7 6 5 4 3 2 10 



IE 



NOP 

SWT -TO PORT 
lA- SETUP 
CONFIGURE 
MC- SETUP 
TRANSMIT 
TOR 
DUMP 
DIAGNOSE 
RETRANSMIT 
ABORT 
RCV- ENABLE, 8 
ASSIGN- ALT- BUF 9 



0 (CHNL = 0) 
0 (CHNL=1) 
1 
2 
3 
4 
5 
6 
7 
12 
13 



RCV -DISABLE 

STOP-RCV 

FIX-PTR 

RLS-PTR 

RESET 



10 
11 

15 (CHNL =1) 
15 (CHNL = 0) 
14 



" CHANNEL 0 
. CHANNEL 1 

' STATUS 0 

STATUS 1 

STATUS 2 
. STATUS 3 

r NO ACKNOWLEDGE 
L ACKNOWLEDGE 



0 
1 

00 
01 
10 
11 

0 
1 
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Figure 5. Port 0 Commands 



Port 1 Command 
7 6 5 4 3 2 10 



1,1 LI 



/?5 f GENERAL PURPOSE 0 
►TC/GP ^ ^ 



— ► OPCODE 
(TC/GP = 0) 



(TC/GP = 1 ) 



. TIMER/COUNTERS 
NOP 

SWT -TO -PORT - 
SET-TS 

RST-TS * 

LCL-PWR-DWN 

RMT-PWR-DWN 

FIX-PTR 

RLS-PTR 

RESET 

SEL-RST 



0 
1 
5 
7 
8 
9 
12 
13 
14 
15 



NOP 0 

START 1 

STOP 2 

RESUME 3 

LD& START 5 

ACK-INT 7 

COUNT 8 
START - ALL- COUNTERS 9 

SET-VAL 10 

SET-CONF 11 
RD- MAX- COUNT- VAL 12 

RD- COUNT -VAL 13 

RESET 14 



(TC/GP = 0) 



(TC/GP =1) 



STATUSO 
STATUS 1 
STATUS2 
. STATUS3 

' TIMER 

COUNTER 1 

C0UNTER2 
. C0UNTER3 

' NO ACKNOWLEDGE 
. ACKNOWLEDGE 



00 
01 
10 
11 

00 
01 
10 
11 

0 
1 



Figure 6. Port 1 Commands 
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RCV 
CHNL 



RCV EXEC CHNL 



RECEIVE BYTE COUNT (LOW)/FRAME 
COUNTER 



RECEIVE BYTE COUNT (HIGH) 
1 



BUF. CHAIN'G 
No. OF BUF. 



EXEC 
CHNL 



EXEC 
STATE 



Status Registers— 6 Bytes 



STATUS 0 
STATUS 1-0 
STATUS 1-1 

STATUS 2-0 

STATUS 2-1 

STATUS 3 



INT 


RCV 


EXEC 


CHNL 


1 1 1 

EVENT 
1 1 1 


STATUS 0 


RESULT 1 


STATUS 1 


RESULT 2 


STATUS 2 


RCV 


1 

RCV STATE 


1 

BUF. CHAIN'G 


EXEC 


1 

EXEC 


STATUS 3 


CHNL 








No. OF BUF. 


CHNL 


STATE 

1 





Status Registers— 4 Bytes 



Events 


Value 
voiaius u) 


CMOS* 


0(CHNL = 1) 


lA-Setup-Done 


1 


Configure-Done 


2 


MC-Setup-Done 


3 


Transmit-Done 


4 


TDR-Done 


5 


Dump-Done 


6 


Diagnose-Passed 


7 


End-of-Frame 


8 


Request-Next-Buffer 


9 


Reception-Aborted 


10 


Retransmit-Done 


12 


Execution-Aborted 


13 


Diagnose-Failed 


15 



*Available only after Hardware or Software Reset. 



Figure 7. Port 0 Status Registers 



1-112 



inter 



82SS2 



IPiilLOlMlDMIW 



INT 



> T/C 
TIMER/COUNTER STATUS 



TIMER/COUNTER CONFIGURATION 



POST 1 COMMAND 
STATUS 



TIMER\COUNTER 
CONFIGURATION 





Timer/Counter 
Events (t/C = 1) 


Value* 

(Status 0) 


STATUS 0 


TimGr Expired 


BitO = 1 


STATUS 1 


Counter 1 Expired 


Bit 1 = 1 


STATUS 2 


Counter 2 Expired 


Bit2 - 1 


Counter 3 Expired 


Bit 3 = 1 


STATUS 3 
290146-7 


General Purpose 
Event (QP = 1) 


Value* 
(Status 0) 


REM-PWR-UP 


9 



*The 82592 may have more than one 
EVENT bit set by the time the CPU 
reads the Status register. 



Figure 8. Port 1 Status Registers 

Table 2. Data Bus Control Signals and Functions 



H 



16" BIT SYSTEM BUS 





MEMORY 




CPU 




.IT 




i. 

INT 


CSC 
CS1 



DMA 
CONTROLLER 



DRQO, DRQ1 



4 

DACKO.DACKI 



2 



82592 



LINE DRIVERS 
OR RF MODEM 



SERIAL LINK 



Figure 9. 82592/Host CPU Interaction 



Pin Name 


Function 


CSO 
CS1* 


RD 


WR 


1 
0 


X 
1 


X 

1 


No Transfer to/from 
Command/Status 


0 


0 


0 


Illegal 


0 


0 


1 


Read from Status Register 


0 


1 


0 


Write to Command Register 


DACKO 
DACKI* 


RD 


WR 




1 
0 


X 
1 


X 

1 


No DMA Transfer 


0 


0 


0 


Illegal 


0 


0 


1 


Data Read from DMA 
Channel 0 (or 1) 


0 


1 


0 


Data Write to DMA 
Channel 0 (or 1) 



*Only one of CSO, 
at any time. 



CS1, DACKO, or DACKI may be active 
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To initiate an operation such as Transmit or Config- 
ure (see Figure 5), the command from the CPU must 
first be written to the 82592. Any parameters or data 
associated with the command are transferred from 
memory to the 82592 using DMA. Upon completion 
of the operation, the 82592 updates the appropriate 
status registers and sends an interrupt to the CPU. 



Frame Transmission 

To transmit a frame, the CPU prepares a Transmit 
Data Block in memory as shown in Figure 10. Its first 
two bytes specify the length of the rest of the block. 
The next few bytes (up to six) contain the destination 
address of the station the frame is being sent to. 
The rest of the block is the data field. The CPU pro- 
grams the DMA controller with the start address of 
the block, length of the block, and other control in- 
formation and then issues a Transmit command to 
the 82592. Upon receiving this command, the 82592 
fetches the first two bytes of the block to determine 
its length. If the link is free and the first data byte 
was fetched, the 82592 begins transmitting the pre- 
amble and concurrently fetches more bytes from the 
Transmit Data Block and loads them into the trans- 
mit FIFO to keep them ready for transmission. 

The destination address is transmitted after the pre- 
amble. This is followed by the source or the station 
individual address, which was previously stored in 
the 82592 by the lA-Setup command. After this, the 
entire information field is transmitted, followed by a 
CRC field calculated by the 82592. If a collision is 
encountered during transmission of the frame, then 
the transmission is aborted after a jam pattern is 
sent. If the collision is detected during preamble or 
SFD (Start Frame Delimiter) transmission, the 82592 
transmits the jam pattern after the SFD Is transmit- 
ted. An interrupt is then generated to inform the CPU 
of the unsuccessful transmission due to a collision. 



The CPU reinitializes the DMA controller and Issues 
a Retransmit command to the 82592. Retransmis- 
sion is done by the CPU exactly as the Transmit 
command Is done, except the Retransmit command 
keeps track of the number of collisions encountered. 
When the 82592 gets the Retransmit command and 
the backoff timer is expired, it transmits the frame 
again. Retransmission is repeated until the attempt 
is successful, or until the preprogrammed retry num- 
ber expires. 

If the 82592 is programmed to generate the EOP 
signal to the 8237 or 82380 DMA controller, or if it is 
used with a DMA controller which implements the 
Tightly Coupled Interface, retransmission is per- 
formed without CPU Intervention. 



Frame Reception 

The 82592 can receive frames when its receiver has 
been enabled. The 82592 checks for an address 
match for an Individual address, a Multicast address, 
or a Broadcast address. In the Promiscuous mode 
the 82592 receives all frames. When the address 
match is successful, the 82592 transfers the frame 
to memory using the DMA controller. Before en- 
abling the receiver, it is the CPU's responsibility to 
make a memory buffer area available to the receiver 
and to properly program the starting address of the 
DMA controller. The received frame Is transferred to 
the memory buffer In the format shown in Figure 1 1 . 
This method of reception is called Single Buffer re- 
ception; the entire frame is contained in one continu- 
ous buffer. Upon completion of reception, the status 
of the reception Is appended at the end of the re- 
ceived frame in the memory buffer, and^ the total 
number of bytes transferred to the memory buffer Is 
loaded Into the internal status registers 1 and 2. An 
interrupt Is then generated to inform the CPU of the 
frame reception. 



BLOCK BYTE COUNT 



DESTINATION ADDRESS 



DATA FIELD 



CPU GENERATED 
DATA STRUCTURE IN MEMORY 
(TRANSMIT DATA BLOCK) 



PREAMBLE 



SFD (BOF FLAG) 



DESTINATION ADDRESS 



SOURCE ADDRESS 



LENGTH FIELD 



INFORMATION 



PADDING (OPTIONAL) 



FRAME CHECK SEQUENCE 



EOF FLAG (OPTIONAL) 



PADDING (OPTIONAL) 



GENERATED BY 82592 



FROM 82592 

INDIVIDUAL 

ADDRESS 



GENERATED BY 82592 



290146-9 



Figure 10. The 82592 Frame Structure and Location of Data Eiement in System IVIemory 
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BLOCK LENGTH 
BL 




DESTINATION 
ADDRESS 








DESTINATION 
ADDRESS 




SOURCE 
ADDRESS 
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Figure 11. Single Buffer Reception 



If the frame size is unknown, memory usage can be 
optimized by using Multiple Buffer reception. In this 
mode of operation, the CPU and DMA controller can 
dynamically allocate memory space as it receives 
frames. This method requires both DMA channels to 
receive the frame alternately. As frame reception be- 
gins, the 82592 interrupts the CPU and automatically 
requests assignment of the next available buffer. 
The CPU does this and loads the second DMA 
channel with the next buffer's information so the 
82592 can immediately switch to the other channel 
when the current buffer is full. When the 82592 
switches from the first to the second buffer it again 
interrupts the CPU and requests another buffer to be 
allocated on the previous channel. This process 
continues until the entire frame is received. The re- 
ceived frame is spread over multiple memory buff- 
ers. The link between the buffers is easily main- 
tained by the CPU, using a buffer chain descriptor 
structure in memory as shown in Figure 12. This dy- 
namic allocation of memory buffers results in effi- 
cient use of available storage when handling frames 
of widely differing sizes. 

If the 82592 is programmed to generate the EOP 
signal to the 8237 or 82380 DMA controller, or if it is 
used with a DMA controller which implements the 
Tightly Coupled Interface, buffer reclamation and 



more advanced data structures for the buffer area 
can significantly improve system performance. 



EQP Signal to the DMA Controller 

The 82592 can be programmed to assert the EOP 
signal to the 8237 or 82380 DMA controller when 
one or more of the following occurs: 

• A collision during transmission 

• An error (CRC or alignment) during reception 

• A good frame reception 

If the 8237 or 82380 is programmed for Auto-initial- 
ize mode and if the 82592 is programmed to assert 
the EOP signal on a collision during transmission, 
the retransmission following a collision is done auto- 
matically by the 8237 and the 82692. The 8237 will 
reinitialize itself automatically and the 82592 will re- 
transmit the same frame from the same memory 
area without CPU intervention. When the 82692 is 
programmed for this mode it does not interrupt the 
CPU upon a collision, and the CPU does not need to 
issue a Retransmit command to the 82592. The CPU 
is interrupted only after a successful transmission or 
retransmission, or after a transmission failure, such 
as DMA underrun. 



1-115 



82592 



[Pl^ilLOlMlflMAI^ 



@ BUFFER 1 



@ BUFFER 2 



@ 



@ BUFFER N 



@ 



BUFFER CHAIN DESCRIPTION 
(MANAGED BY CPU) 



@ BUFFER 1 



@ BUFFER 1 



@ BUFFER 1 



INFO 2 



BUFFER No. 2 



INFO N 



STATUS 



BUFFER No. N 



290146-11 



Figure 12. Multiple Buffer Reception 



If the 82592 is programmed to assert the EOP signal 
when an error occurs during reception, the 8237 or 
the 82380 in Auto-initialize mode will be able to re- 
claim the memory area which would otherwise be 
wasted for the errored fr ame reception. If the 82592 
is programmed to assert EOP at the end of a frame 
reception, automatic buffer switching can be accom- 
plished by alternating the DMA channels with the 
8237 or the 82380. When the 82380 is used, the 
buffer switching can be done with only one DMA 
channel. 



The EOF signal must be derived from the DACK1 / 
CS1/E0P pin using external logic (see Figure 13). 



82592/82560 Tightly Coupled Interface 

The 82592 has a mode of operation called "Tightly 
Coupled Interface." In this mode the 82592 provides 
a tightly coupled interface to a DMA controller in or- 
der to execute some of the time-critical processes of 
the CSMA/CD protocol without any CPU interven- 
tion. By using the 82592's companion chip, the 
82560, or by implementing the Tightly Coupled Inter- 
face in a DMA controller, operations such as auto- 
matic retransmission, continuous back-to-back 
frame reception, and transmit and/or receive buffer 
chaining can be accomplished. 

The 82592 provides the status of the current active 
transmission or rec eption to the DMA controller by 
using the DRQ and EOP signals at the end of every 



DMA cycle. The status is encoded according to Ta- 
ble 3. As long as the 82592 generates_DRQ High 
and EOP Floating at the rising edge of RD or WR, 
the DMA controller repeats DMA transfers. If the 
transmission is completed without collisions or if the 
reception is good (no collision, no CRC, or no Align- 
ment error), then DRQ and EOP both become Low 
at the end of a DMA transfer which follows the last 
DMA data transfer. If the transmission encountered 
a collision or if t he reception had an error, DRQ be- 
comes High and EOP becomes Low. The DMA con- 
troller must decode these signals appropriately and 
must reinitialize the DMA channel so it can retrans- 
mit the same frame or reclaim the otherwise wasted 
buffer. It is the DMA controller's responsibility to re- 
program itself for the next appropriate operation. 

The 82560 fully implements the Tightly Coupled In- 
terface and provides very-high-performance DMA 
services for the 82592 with minimal CPU involve- 
ment. 



Network Management and Diagnostics 

The 82592 provides a large set of diagnostic and 
network management functions including: internal 
and external loopback, monitor mode, optional cap- 
ture of all frames regardless of destination address 
(Promiscuous mode), and time domain reflectometry 
for locating fault points h the network cable. The 
82592 Dump command ensures software reliability 
by dumping the contents of the 82592 internal regis- 
ters into the system memory. 
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Figure 13. Demultiplexing DACK/CS1/E0P Pin 



Table 3. Transmit/Receiv e Sta tus Encoding on 
DRQ and EOP 



DRQ 


lOP 


Status Information 


0 


Hi-Z 


Idle 


1 


Hi-Z 


DMA Transfer 


0 


0 


Transmission or Reception 
Terminated OK 


1 


0 


Transmission or 
Reception Aborted 



Other Enhancements 

Compared to the previous generation LAN control- 
lers such as the 82588, the 82592 has many func- 
tional and performance enhancements. This section 
lists some of these enhancements which are not 
covered in other sections. 

1 . Multi-IA— The 82592 implements multiple-individ- 
ual address (Multi-IA) filtering. It can receive more 
than one I A frame in this mode. 

2. Power Down Ixodes — Two power down modes, 
Local Power Down and Remote Power Down, are 
available. When the 82592 is in Remote Power 
Down mode, it can be powered up remotely by 
sending a special frame to it. 

3. Automatic Padding and IEEE 802.3 Length 
Field — If a frame to be transmitted is shorter than 



the configured Slot Time, the 82592 automatically 
appends pad bytes up to the shortest frame great- 
er than the Slot Time. If the data field of a re- 
ceived frame is longer than the byte count indicat- 
ed in the Length field, the extra bytes are stripped 
automatically according to the Length field. Erro- 
neous conditions are detected and reported by 
the 82592. An example of such conditions is re- 
ception of a frame which is shorter than the byte 
count indicated in the Length field. 

4. Automatic Retransmission on Collision During 
Preamble — The 82592 can be programmed to re- 
transmit automatically if it detects a collision dur- 
ing transmission of the preamble. 

5. On-Chip Jabber Inhibit Function— The 82592 
can be programmed to provide an on-chip jabber 
inhibit function. 

6. CRC Transfer to IVIemory— The 82592 can be 
programmed to transfer the CRC field of a re- 
ceived frame into memory. 

7. Loopback Signal to the 82C501— The 82592 
can be programmed to provide an active High 
loopback signal to the 82C501 (see Figure 14). 

8. StarLAN— The 82592 can be configured to rec- 
ognize the IEEE 802.3 1BASE5 Collision Pres- 
ence Signal (CP S). In this mode it also delays de- 
activation of the RTS signal at the end of a frame 
transmission in order to insert an end-of-frame 
marker as required by the standard. 
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APPLICATIONS 

The 82592 can be used in a variety of applications. 
When it is used In High-Integration Mode It Imple- 
ments most of the Data Link and Physical Layer 
functions required by the IEEE 802.3 1 BASES 
(StarLAN) and the IBM PC Network (Baseband and 
Broadband). When it is used in High-Speed Mode it 
can work with the 82C501 and the 82502 for IEEE 
802.3 10BASE5 (Ethernet) and 10BASE2 
(Cheapernet) implementations. 

If the desired network requires determinism, the 
82592's Deterministic Collision Resolution (DCR) 
method can be used. 

Figure 15 shows a block diagram of an 
82592/82560 Cheapernet adapter board. The 
82560 provides the Tightly Coupled DMA Interface 



for the 82592 and dual-port memory control for the 
static RAM. The 82592 is interfaced to the 82C501 
to provide the Ethernet channel and then to the 
transceiver to provide the Cheapernet channel. Due 
to the CMOS process used for these chips, such a 
board uses much less power than a board based on 
NMOS or bipolar chips. 
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Figure 14. Loopback Output to the 820501 
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High Integration LAN Controiier 



■ 2 Clocks per Data Transfer 

■ User Configurable 
« Up to 2 Mb/s Bit Rates with On-chip 

Encoder/Decoder (High Integration 
Mode) 

Up to 5 Mb/s with External Encoder/ 
Decoder (High Speed Mode) 

■ No TTL Glue Required with lAPX 186 
and 188 Microprocessors 

■ Network Management and Diagnostics 
» Short or Open Circuit Localization 

— Station Diagnostics (External 
Loopback) 

— Self Test Diagnostics 
Internal Loopback 
User Readable Registers 

The 82588 is a highly Integrated CSMA/CD controller designed for cost sensitive, mid-range Local Area 
Network (LAN) applications, such as personal computer networks. 

At data rates of up to 2 Mb/s, the 82588 provides a highly integrated interface and performs: CSMA/CD Data 
Link Control, Manchester, Differential Manchester or NRZI encoding/decoding, clock recovery; Carrier Sense, 
and Collision Detection. This mode is called "High Integration Mode." In the 82588 "High Speed Mode", the 
user can transfer data at a rate of up to 5 Mb/s. In this mode the physical link functions are done external to 
the 82588. 

The 82588 is available in a 28 pin DIP and 44 lead PLCC package and fabricated in Intel's reliable HMOS II 5 
volt technology. 



Integrates ISO Layers 1 and 2 

— CSMA/CD Medium Access Control 
(MAC) 

— On-Chip Manchester, NRZI 
Encoding/Decoding 

— On-Chip Logic Based Collision 
Detect and Carrier Sense 

Supports Mid-Range Industry Standard 
LANs 

— StarLAN (IEEE 802.3 1 BASES) 

— IBM/PC Network-Baseband and 
Broadband 

High Level Command Interface 
Offloads the CPU 

Efficient Memory Use Via Multiple 
Buffer Reception 
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Figure 1. 82588 Block Diagram 
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Table 1. Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


DIP 


PLCC 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


6 
7 
8 

Q 

10 

11 

12 
13 


10 
11 
12 

1 o 

14 
18 
19 
20 


I/O 


DATA BUS: The Data Bus lines are bi-directional three 

OIQIO III lOd V/V^l II lv7UlOU Iv 11 Iv7 oyOlOIII O U<X\Oi Duo \\J\ 11 lO 

transfer of data, commands, status and parameters. 


RD 


5 


9 


1 


READ: Together with CS, DACKO or DACK1, Read controls 
data or status transfers out of the 82588 registers. 


WR 


3 


4 


1 


WRITE: Together with CS, DACKO or DACK1 , Write 
controls data or command transfers into the 82588 
registers. 


CS 


2 


3 


1 


CHIP SELECT: When this signal is LOW, the 82588 is 
selected by the CPU for transfer of command or status. 
The direction of data flow is determined by the RD or WR 
inputs. 


CLK 


4 


5 


1 


CLOCK: System clock. TTL compatible signal. 


RESET 


CsJ 




1 


RESET: A HIGH signal on this pin will cause the 82588 to 
terminate current activity. This signal is internally 
synchronized and must be held HIGH for at least four Clock 
cycles. 


INT 


PR 


AA 
*+ 1 


0 


INTERRUPT: Active HIGH signal indicates to the CPU that 
the 82588 is requesting an interrupt. 


DRQO 


17 


26 


0 


DMA REQUEST (CHANNEL 0): This pin is used by the 
82588 to request a DMA transfer. DRQO remains HIGH as 
long as 82588 requires data transfers. Burst transfers are 
done by having the signal active for multiple transfers. 


DRQ1 


18 


27 


0 


DMA REQUEST /CHANNEL IV This Din is used bv the 
82588 to request a DMA transfer. DRQ1 remains HIGH as 
long as 82588 requires data transfers. Burst transfers are 
done by having the signal active or multiple transfers. 


DACKO 


1 


2 


1 


DMA ACKNOWLEDGE (CHANNEL 0): When LOW, this 
input signal from the DMA Controller notifies the 82588 that 
the requested DMA cycle is in progress. This signal acts 
like chip select for data and parameter transfer using DMA 
channel 0. 


DACK1 


27 


42 


1 


DMA ACKNOWLEDGE (CHANNEL 1): When LOW, this 
input signal from the DMA controller notifies the 82588 that 
the requested DMA cycle is in progress. This signal acts 
like chip select for data and parameter transfer using DMA 
channel 1 . 
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Table 1. Pin Description (Continued) 



Symboi 


Pin No. 


Type 


Name and Function 


DIP 


PLCC 










High Integration Mode 


X1/X2 


15/16 


24/25 


1 


OSCILLATOR INPUTS* These inouts mav be used to 
connect a quartz crystal that controls the internal clock 
generator for the serial unit. 

XI may also be driven by a MOS level clock whose 
frequency is 8 or 16 times the bit rate of Transmit/ Receive 
data. X2 must be left floating if XI has an external MOS 
clock 

High Speed i\Aode 


TxC 


15 


24 


1 


TRANSMIT CLOCK: This signal provides timing 
information to the internal serial logic, depending upon the 
mode of data transfer. For NRZ encoding, data is 
transferred to the TxD pin on the HIGH to LOW clock 
transition. For Manchester encoding the transmitted bit 
center is aligned with the TxC LOW to HIGH transition. 


RxC 


16 


25 


1 


RECEIVE CLOCK: This signal provides timing information 
to the internal serial logic. NRZ data should be provided for 
reception (RxD). The state of the RxD pin is sampled on 
the HIGH to LOW transition of RxC. 

The operating mode of the 82588 is defined when 
configuring the chip. 


TCLK/CRS 


24 


36 


1 

0 


In High Speed Mode, this pin is Carrier Sense, input CRS, 
and is used tb notify the 82588 that there is activity on the 
serial link. 

In High Integration Mode, this pin is Transmit Clock, TCLK, 
and is used to output the transmit clock. 


CDT 


23 


35 


1 


COLLISION DETECT: This input notifies the 82588 that a 
collision has occurred. It is sensed only if the 82588 is 
configured for external Collision Detect (external circuitry is 
then required for detecting the collision). 


RxD 


19 


31 


1 


RECEIVE DATA: This pin receives serial data. 




20 


32 


o 


TRANSMIT DATA: Tnis pin transmits data to the benal 
Link. This signal is HIGH when not transmitting. 


rTs 


21 


33 


0 


REQUEST TO SEND: When this signal is LOW. the 82588 
notifies an external interface that it has data to transmit. It 
is forced HIGH after a reset and when transmission is 
stopped. 


cTs 


22 


34 


1 


CLEAR TO SEND: CTS enables the 82588 to start 
transmitting data. Raising this signal to HIGH stops the 
transmission. 


vcc 


28 


1,43, 44 




POWER: +5V Supply 


vss 


14 


21,22, 23 




Ground 
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Table 1. Pin Description (Continued) 



oy iiiuwi 


Pin No. 


Type 


nainc anvi ■ unviiwn 


DIP 


PLCC 


NU 




6 




NO CONNECT: These pins are reserved for future use. 






7 








8 










15 










16 










17 










28 










29 










30 










37 










38 










39 







FUNCTIONAL DESCRIPTION 



High Integration Mode 

The 82588 LAN Controller is a highly integrated 
CSMA/CD controller for cost sensitive LAN applica- 
tions such as personal computer networks. Included 
on chip is a programmable CSMA/CD controller, an 
NRZI and Manchester encoder/decoder with clock 
recovery, and two collision detection mechanisms. 
With the addition of simple transceiver line drivers or 
RF Modem, the 82588 performs all the major func- 
tions of the ISO Physical and Data Link Layers. 



Collision Detection 

One of the 82588's unique features is its on-chip 
logic based collision detection. To ensure a high 
probability of collision detection two mechanisms 
are provided. The Code Violation method defines a 
collision when a transition edge occurs outside the 
area of normal transitions as specified by either the 
Manchester or NRZI encoding methods. Bit Com- 
parison method compares the signature of the trans- 
mitted frame to the received frame signature (re-cal- 
culated by the 82588 while listening to itself). If the 
signatures are identical the frame is assumed to 
have been transmitted without a collision. 



CSMA/CD Controller 

The 82588 on-chip CSMA/CD controller is program- 
mable, which allows it to operate in a variety of LAN 
environments, including industry standards such as 
StarLAN (IEEE 802.3 1BASE5) and the 2 Mb/s IBM 
PC Network (both baseband and broadband trans- 
mission). Programmable parameters include: 

— Framing (End of Carrier of SDLC) 

— Address field length 

— Station priority 

— Interframe spacing 

— Slot time 

— CRC-32 OR CRC-16 

Encoder/Decoder 

The on-chip NRZI and Manchester encoder/decod- 
er supports data rates up to 2 Mb/s. Manchester 
encoding is typically used in baseband applications 
and NRZI is used in broadband applications. 



System Interface 

In addition to providing the functions necessary for 
interfacing to the LAN, the 82588 has a friendly sys- 
tem interface that eases the design effort. First, the 
82588 has a high level command interface; that is 
the CPU sends the 82588 commands such as 
Transmit or Configure. This means the designer 
does not have to write low level software to perform 
these tasks, and it offloads the CPU in the applica- 
tion. Second, the 82588 supports an efficient memo- 
ry structure called Multiple Buffer Reception in which 
buffers are chained together while receiving frames. 
This is an important feature in applications with limit- 
ed memory, such as personal computers. Third, the 
82588 has two independent sixteen byte FIFO's, 
one for reception and one for transmission. The FI- 
FO's allow the 82588 to tolerate bus latency. Finally 
the 82588 provides an eight byte data path that sup- 
ports up to 4 Mbytes/second using external DMA. 
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Network Management & Diagnostics 

The 82588 provides a rich set of diagnostic and net- 
work management functions Including: Internal and 
external loopback, channel activity Indicators, op- 
tional capture of all frames regardless of destination 
address (Promiscuous Mode), capture of collided 
frames, (if address matches), and time domain re- 
flectometry for locating fault points in the network 
cable. The 82588 register Dump command ensures 
reliable software by dumping the content of the 
82588 registers into the system memory. 

The next section will describe the 82588 system bus 
interface, the 82588 network interface, and the 
82588 internal architecture. 



82588/Host CPU interaction 

The CPU communicates with the 82588 through the 
system's memory and 82588*s on-chip registers. 
The CPU creates a data structure in the memory, 
programs the external DMA controller with the start 
address and byte count of the block, and issues the 
command to the 82588. 

The 82588 is optimized for operating with the lAPX 
186/188, but due to the small number of hardware 
signals between the 82588 and the CPU, the 82588 
can operate easily with other processors. The data 
bus is 8 bits wide and there is no address bus. 

Chip Select and Interrupt lines are used to communi- 
cate between the 82588 and the host as shown in 
the Figure 3. Interrupt is used by the 82588 to draw 
the CPU's attention. The Chip Select is used by the 
CPU to draw the 82588's attention. 

There are two kinds of transfer over the bus: Com- 
mand/Status and data transfers. Command/Status 
transfers are always performed by the CPU. Data 
transfers are requested by the 82588, and are typi- 
cally performed by a DMA controller. The table given 
in Figure 4 shows the Command/Status and data 
transfer control signals. 

The CPU writes to 82588 using CS and WR signals. 
The CPU reads the 82588 status register using CS 
and RD signals. 
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Figure 3. 82588/HOST CPU Interaction 

To initiate an operation like Transmit or Configure 
(see Figure 5), a Write command from CPU to 82588 
is issued by the CPU. A Read operation from CPU 
gives the status of the 82588. Although there are 
four status registers they're read using the same 
port in a round robin fashion (Figure 6). 

Any parameters or data associated with a command 
are transferred between the memory and 82588 us- 
ing DMA. The 82588 has two data channels, each 
having Request and Acknowledge lines. Typically 
one channel is used to receive data and other to 
transmit data and perform all the other initialization 
and maintenance operations like Configure, Address 
Set-Up, Diagnose, etc. The channels are identical 
and can be used interchangeably. 

When the 82588 requires access to the memory for 
parameter or data transfer it activates the DMA re- 
quest lines and uses the DMA controller to achieve 
the data transfer. Upon the completion of an opera- 
tion, the 82588 interrupts the CPU. The CPU then 
reads results of the operation (the status of the 
82588). 
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Pin Name 


Function 


CS* 


RD 


WR 




1 


X 


X 


No transfer to/from Command/Status 


0 


1 


1 




0 


0 


0 


Illegal 


0 


0 


1 


Read from status register 


0 


1 


0 


Write to Command register 


DACKOIDACKI]* 


RD 


Wr 




1 


X 


X 


No DMA transfer 


0 


1 


1 




0 


0 


0 


Illegal 


0 


0 


1 


Data Read from DMA channel 0 [or 1] 


0 


1 


0 


Data Write to DMA channel 0 [or1 ] 



* Only one of C§, DACKO and DACK1 may be active at any time. 

Figure 4. Databus Control Signals and Tiieir Functions 
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COMMANDS 
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COMMANDS 


VALUE 


NOP 


0 


ABORT 


— 13 


lA-SETUP 


— 1 


RECEIVER-ENABLE 


— 8 


CONFIGURE 


— 2 


ASSIGN NEXT BUF 


— 9 


MC-SETUP 


— 3 


RECEIVE-DISABLE 


— 10 


TRANSMIT 


— 4 


STOP-RECEPTION 


— 11 


TDR 


— 5 


RESET 


— 14 


DUMP 


— 6 


FIX PTR 


— 15(CHNL=1) 


DIAGNOSE 


— 7 


RLS PTR 


— 15 (CHNL = 0) 


RETRANSMIT 


— 12 







Figure 5. Command Format and Operation Values 
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Status 0 
Status 1 
Status 2 

Status 3 



INT 


RCV 


EXEC 


CHNL 


"1 1 ' 

EVENT 

1 1 1 








1 

RESULT 1 

1 














1 

RESULT 2 








RCV 
CHNL 


1 

RCV STATE 


BUFF CHNG 

NO. OF BUF 

1 


EXEC 
CHNL 


1 

EXEC STATE 
1 



EVENTS VALUE (STATUS 0) 



lA-SETUP-DONE 




1 


CONFIGURE-DONE 




2 


MC-SETUP-DONE 




3 


TRANSMIT-DONE 




4 


TDR-DONE 




5 


DUMP-DONE 




6 


DIAGNOSE-PASSED 
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Figure 6. Status Registers and Event Values 



Transmitting a Frame 

To transmit a frame, the CPU prepares a Transmit 
Data Block in memory as shown in Figure 7. Its first 
two bytes specify the length of the rest of the block. 
The next few bytes (Up to 6 bytes long) contain the 
destination address of the node it is being sent to. 
The rest of the block is the data field. The CPU pro- 
grams the DMA controller with the start address of 
the block, length of the block and other control infor- 
mation and then issues the Transmit command to 
the 82588. 

Upon receiving the command, the 82588 fetches the 
first two bytes of the block to determine the length of 
the block. If the link is free, and the first data byte 
was fetched, the 82588 begins transmitting the pre- 
amble and concurrently fetches the bytes from the 
Transmit Data Block and loads them into a 1 6 byte 
FIFO to keep them ready for transmitting. The FIFO 
is a buffer between the serial and parallel part of the 
82588. The on-chip FIFOs help the 82588 to tolerate 



system bus latency as well as provide efficient us- 
age of system bandwidth. 

The destination address Is sent out after the pream- 
ble. This is followed by the source or the station indi- 
vidual address, which is stored earlier on the 82588 
using the lA-SETUP command. After that, the entire 
information field is transmitted followed by a CRC 
field calculated by the 82588. If during the transmis- 
sion of the frame, a collision is encountered, then 
the transmission is aborted and a jam pattern is sent 
out after completion of the preamble. The 82588 
generates an Interrupt indicating the experience of a 
collision and the frame has to be re-transmitted. Re- 
transmission is done by the CPU exactly as the 
Transmit command except the Re-Transmit com- 
mand keeps track of the number of collisions en- 
countered. When the 82588 gets the Retransmit 
command and the exponential back-off time is ex- 
pired, the 82588 transmits the frame again. The 
transmitted frame can be coded to either Manches- 
ter, Differential Manchester or NRZI methods. 
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Collision Detection 

The 82588 eliminates the need for external collision 
detection logic, In most applications, while easing or 
eliminating the need for complex transceivers. Two 
algorithms are used for collision detection: Bit Com- 
parison and Code Violation. The Bit Comparison 
Method is useful in Broadband networks where 
there are separate transmit and receive channels. 
Bit Comparison compares the "signature" of the 
transmitted data and received data at the end of the 



collision window in any network configuration. This 
algorithm calculates the CRC after a programmable 
number of transmitted bits, holds this CRC in a regis- 
ter, and compares it with received data's CRC. A 
CRC or "signature" difference indicates a collision. 
The code violation is detected if the encoding of the 
received data has any bit that does not fit the encod- 
ing rules. The code violation method is useful in 
short bus topology and serial backplane applications 
where bit attenuation over the bus is negligible. 
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Figure 7. The 82588 Frame Structure and location of Data element in System li/lemory 
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Figure 8. Single Buffer Reception 
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Receiving a Frame 

The 82688 can receive a frame when its receiver 
has been enabled. The received frame is decoded 
by either on-^chip l\^anchester, Differential Manches- 
ter or NRZI decoders in High Integration Mode and 
NRZI in High Speed Mode. The 82588 checks for an 
address match for an individual address, a Mulitcast 
address or a Broadcast address. In the Promiscuous 
mode the 82588 receives all frames. Only when the 
address match is successful does the 82588 trans- 
fer the frame to the memory using the DMA control- 
ler. Before enabling the receiver, the CPU makes a 
memory buffer area available to the Receive Unit 
and programs the starting address of the DMA con- 
troller. The received frame is transferred to the 
memory buffer in the format shown in Figure 8. This 
method of reception is called "Single Buffer" recep- 
tion. The entire frame is contained in one continuous 
buffer. Upon completion of reception the total num- 
ber of bytes written into the memory buffer is loaded 
into status registers 1 and 2 and the status of the 
reception itself is appended to the received frame. 
An interrupt to the CPU follows. 

If the frame size is unknown, memory usage can be 
optimized by using "Multiple Buffer" reception. 

This way the user does not have to allocate large 
memory space for short frames. Instead, the 82588 
can dynamically allocate memory space as it re- 
ceives frames. This method requires both DMA 



channels alternately to receive the frame. As the 
frame reception starts, the 82588 interrupts the CPU 
and automatically requests assignment of the next 
sequential buffer. The CPU does this and loads the 
second DMA channel with the next buffer informa- 
tion so that the 82588 can immediately switch to the 
other channel as soon as the current buffer is full. 
When the 82588 switches from the first to the sec- 
ond buffer it again interrupts the CPU requesting it to 
allocate another buffer on the other (previous) chan- 
nel in advance. This process continues until the en- 
tire frame is received. The received frame is spread 
over multiple memory buffers. The link between the 
buffers is easily maintained by the CPU using a buff- 
er chain descriptor structure in memory (see 
Figure 9). 

This dynamic (pre) allocation of memory buffers re- 
sults in efficient use of available storage when han- 
dling frames of widely differing sizes. Since the buff- 
ers are pre-allocated one block in advance, the sys- 
tem is not time critical. 



80188 Based System 

Figure 10 shows a high performance, high-integra- 
tion configuration of the 82588 with the 80188 in a 
typical iAPX188-based microcomputer. The 80188 
controls the 82588, as well as providing DMA control 
services for data transfer, using its on-chip two 
channel DMA controller. 
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Figure 9. A/Tultiple Buffer Reception 
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Link Interface 

The Serial Interface Mode configuration parameter 
selects either a highly integrated Direct Link inter- 
face (High Integration Mode) or a highly flexible 
Transceiver Interface (High Speed Mode). 



Application 

In the High Integration Mode it is possible to connect 
the 82588 on a very short "Wired OR" link, on a 
longer twisted pair cable, or a broadband connec- 
tion. 



Twisted Pair Connection 

The link consists of a twisted pair that interconnects 
the 82588. The transmit data pin is connected via 



a driver and the receive data pin is connected via a 
buffer. The twisted pair must be properly terminated 
to prevent reflections. 

In the minimum configuration, TxD a nd RxD are con- 
nected to the twisted pair and CTS is g roun ded. The 
82588 may control the driver with the RTS pin. It is 
also possible to use external circuitry for performing 
collision de tectio n, and feeding it to the 82588 
through the CDT pin. 



Broadband Connection 

The 82588 supports data communications over a 
broadband link in both its modes. Proper MODEM 
interface should be provided. Collision Detection by 
Bit Comparison, in High Interface Mode, can be ap- 
plied to transmission over broadband links. 
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Figure 10. 80188 Based System 

1-130 



82588 



Absolute Maximum Ratings* 

Ambient Temperature Under Bias — to + TO'^C 

Storage Temperature -65°C to + 1 50°C 

Voltage on Any Pin With 

Respect to Ground - 1 .OV to 7V 

Power Dissipation 1.7 Watts 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. Characteristics 

(Ta = ox to +70**C; Tc (DIP) = 52X to 108°C, Tc (PLCC) = 63°C to 116*'C; VCC = +5V ±10%) 
TxC. RxC have MPS levels (See VMIL, VMIH). All other signals have TTL levels (See VIL, VIH, VOL, VOH). 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


VIL 


Input Low Voltage 
(TTL) 


-0.5 


+ 0.8 


V 




VIH 


Input High Voltage 
(TTL) 


2.0 


VCC + 
0.5 


V 




VOL 


Output Low Voltage 
(TTL) 




0.45 


V 


lOL = 2.0 mA 


VOH 


Output High Voltage 
(TTL) 


2.4 




V 


lOH = -400 juA 


VMIL 


Input Low Voltage 
(MOS) 


-0.5 


o.e 


V 




VMIH 


Input High Volatge 
(MOS) 


3.9 


VCC + 
0.5 


V 




ILI 


Input Leakage Current 




+ 10 


JLtA 


0 = VIN = VCC 


ILO 


Output Leakage Current 




±10 


/xA 


0.45 = VOUT = VCC 


ICC 


Power Supply Current 




400 
300 


mA 
mA 


Ta = 0°C 
Ta = +70''C 



A.C. Characteristics 

(Ta = OX to +70X; Tc (DIP) = 52°C to 108°C. Tc (PLCC) = 63°C to 116X; VCC = +5V ±10%) 
System Clocic Parameters 



Symbol 


Parameter 


l\/lin 


mx 


Units 


Test Conditions 


T1 


CLK Cycle Period 


125 




ns 




T2 


CLK Low Time 


53 


1000 


ns 


*5 


T3 


CLK High Time 


53 




ns 


*6 


T4 


CLK Rise Time 




15 


ns 


*1 


T5 


CLK Fall Time 




15 


ns 


*2 



1-131 



82588 



A.C. Characteristics (Continued) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


Reset Parameters 


T6 


Reset Active to 
Clock Low 


20 




ns 


*3 


T8 


Reset Pulse Width 


4T1 




ns 




T9 


Control Inactve 
After Reset 




T1 


ns 




Interrupt Timing Parameters 


T10 


CLK High to Interrupt 
Active 




85 


ns 


M 


T11 


WR Idle to Interrupt 
Idle 




85 


ns 


*4 


Write Parameters 


T12 


CS or DACKO or DACK1 
Setup to WR Low 


0 




ns 




T13 


WR Pulse Width 


95 




ns 




T14 


CS or DACKO or DACK1 
Hold After WR High 


0 




ns 




T15 


Data Setup to WR High 


75 




ns 




T16 


Data Hold After WR High 


0 




ns 




Read Parameters 


T17 


CS or DACKO or DACK1 
Setup to RD Low 


0 




ns 




T18 


RD Pulse Width 


95 




ns 




T19 


CS or DACKO or DACK1 
Address Valid 
After RD High 


0 




ns 




T20 


RD Low to Data Valid 




80 


ns 


*7 


T21 


Data Float After 
RD High 




55 


ns 


*7 


DMA Parameters 


T22 


CLK LowtoDRQO 
or DRQ1 Active 




85 


ns 


*4 


T23 


WRor RD Lowto 
DRQO or DRQ1 Inactive 




60 


ns 


M 



NOTES: 

*1— 0.8V-2.0V *5— measured at 1 .5V 

*2— 2.0V-0.8V *6— measured at 1 .5V 

*3— to guarantee recognition at next clock *7— CL = 20 pF-200 pF 
*4— CL = 50 pF 
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A.C. TESTING INPUT/OUTPUT WAVEFORM 



2.4 



^^S'^TEST P0iNTS-»1.S^ ^ 



0.45- 

231161-8 

AC Testing Inputs are Driven at 2.4V for a Logic 1 and 0.45V for a 
Logic Q Timing Measurements are Made at 1.5V for Both a Logic 
1 and Q: 

Rise and Fall Time of Input/Output Signals are Measured Be- 
tween 0.8V to 2.0V Respectively. 



TTL Input/Output Voltage Levels for Timing Measurements 



T4 




T5 



HIGH LEVEL MAY 
VARY WITH VCC 



Rise and Fall Time of Input Signals are Measured Between 1.0V 
to 3.5V Respectively. 
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Clocks MOS Input Voltage Levels for Timing Measurements 



CLK / 
INT 




' — \ / — ^ 


T10 
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Interrupt Timing (Going Active) 
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Interrupt Timing (Going Inactive) 



CLK 



RESET. 



T6 



DRQ0.DRQ1 

INT 



5/18 



T9 



T8 



Reset Timing 
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Serial Interface A.C. Timing Characteristics 
High Integration Mode 



TFC is the crystal or serial clock input at the X1 pin. When a serial clock is provided at the X1 pin, the 
max imum capacitive load allowed on the X2 pin is 1 5 pF. 
TFC Frequency Range: 



For Oscillator Frequency 1 to 16 MHz (High) 


TCLK Frequency 
T29 = TCLK Cycle Time 
T30 = TCLK High Time 
T31 = TCLK Low time 


X8 Sampling 


X 16 Sampling 


0.125-2 MHz 
8 X T24 
T24 (Typically) 
7 X T24 (Typically) 


62.5 kHz-1 MHz 
16 X T24 
T24 (Typically) 
15 X T24 (Typically) 



For Oscillator Frequency = 


0 to 1MHz (Low)* 






X 8 Sampling 


X 16 Sampling 


TCLK Frequency 


0-0.125 MHz 


0-6.25 kHz 


T29 = TCLK Cycle Time 


8 X T24 


16 X T24 


T30 = TCLK High Time 


T25 (Typically) 


T25 (Typically) 


T31 = TCLK Low Time 


7 X T24 + T26 (Typically) 


15 X T24 + T26 (Typically) 


* A non-symmetrical clock should be provided so that T26 is less than 1 000 ns. 


T24 = Serial Clock Period 






T25 = Serial Clock High Time 




T26 = Serial Clock Low Time 







High Speed Mode 

• Applies for TxC, RxC 

• f max = 5 MHz ±100 ppm ^ 

• For Manchester, symmetry is required: Tea, ^64 = ±5% 



High Integration Mode 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


External (Fast) Clock Parameters 


T24 


Fast Clock Cycle 


62.5 




ns 


♦1 


T25 


TFC High Time 


18.5 


1000 


ns 


*1,*14 


T26 


TFC Low Time 


23.5 




ns 


*1 


T27 


TFC Rise Time 




5 


ns 


*1 


T28 


TFC Fall Time 




5 


ns 


*1 


Transmit Clock Parameters 


T29 


Transmit Clock Cycle 


500 




ns 


*3, *12 


T30 


TCLK High Time 


*8 


1070 


ns 


*3 


T31 


TCLK Low Time 


*9 






*3 


T32 


TCLK Rise Time 




15 


ns 


*3 


T33 


TCLK Fall Time 




15 


ns 


*3 
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High Integration Mode (Continued) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


Transmit Data Parameters (Manchester, Differential Manchester) 


T34 


TxD Transition- 
Transition 


4t24-10 




ns 


*12 


T35 


TCLKLowtoTxD 
Transition Half 
Bit Cell 




*10 




*2, *12 


T36 


TCLK Low to TxD 
Transition Full 
Bit Cell 




*11 




♦2, *12 


T37 


TxD Rise Time 




15 


ns 


*2 


T38 


TxD Fall Time 




15 


ns 


*2 


Transmit Data Parameters (NRZI) 


T39 


TxD Transition- 
Transition 


8T24-10 




ns 


*12 


T40 


TCLK Low to TxD 
Transition 




*10 




*2 * 1 2 


T41 


TxD Rise Time 




15 


ns 


*2 


T42 


TxD Fall Time 




15 


ns 


*2 


RTS, CTS, Parameters 


T43 


TCLK Low To RTS Low 




*10 




*3, *12 


T44 


CTS Low to TCLK Low 
CTS Setup Time 


65 




ns 




T45 


TCLK low to RTS 
High 




*10 




*3, *12 


146 


TCLK Low to CTS 
Invalid. CTS Hold 
Time 


20 




ns 


*4, *13 


T47 


CTS High to TCLK 
Low. CTS Setup 
Time to Stop 
Transmission 


65 




ns 


*4 


IPS Parameters 


148 


Interframe Delay 


*5 








Collision Detect Parameter 


T49 


CDT Low to TCLK 
High. External 
Collision Detect 
Setup Time 


50 




ns 


, *13 


150 


CDT High to TCLK 
Low 


50 




ns 


*13 


151 


TCLK High to CDT 
Inactive. CDT Hold 
Time 


20 




ns 


*13 
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High Integration Mode (Continued) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


Collision Detect Parameters (Continued) 


T52 


CDT Low to Jamming Start 




*6 






T53 


Jamming Period 


*7 








Received Data Parameters (Manchester) 


T54 


RxD Transition- 
Transition 


4T24 




ns 


*12 


Received Data Parameters (l\/lanchester) 


T55 


RxD Rise Time 




10 


ns 


*1 


T56 


RxD Fall Time 




10 


ns 


*1 


Received Data Parameters (NRZI) 


T57 


RxD Transition- 
Transition 


8T24 




ns 


*12 


T58 


RxD Rise Time 




10 


ns 


*1 


T59 


RxD Fall Time 




10 


ns 


*1 



NOTES: 

*1— MOS levels. 

*2— 1 TTL load + 50 pF. 

*3— 1 TTL load + 100 pF. 

*A — ^Abnormal end to transmission: GTS expires before 
RTS. 

*5--Programmable value: T48 = NIFS x T29 (ns) NIFS— 

the IFS configuration value. 

If NIFS is less than 12, then it is enforced to 12. 

*6 — Programmable value: 

T52 = NCDF X T29 + (12 to 15) X T29 (if collision oc- 
curs after preamble). 



*7— T53 = 32 X T29 

*8 — Depends on T24 frequency range: 

High Range: T24 - 10 

Low Range: T25 - 10 

*9— T31 = T29 - T30 - T32 -T33 

*10— 2T24 + 40 ns 

*11-~^T24 + 40 ns 

*12 — For X16 sampling clock parameter minimum value 

should be multiplied by a factor of 2. 

*13— To guarantee recognition on the next clock. 

*14 — 62.5 ns minimum in Low Range. 
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Write Timing 
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T18 



\ f 



T20 



T19 



T21 



231161-14 



Read Timing 



CLK ^ 










DRQO DRQ1 




T22 


< — 






/ 
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DMA Request (Going Active) 



DRQO DRQ1 



WR RD 



T23 



231161-16 



DMA Request (Going Inactive) 
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cfs_ 

CDf- 
TxD 



T26 T25 T24 
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Transmit Timings: Ciocks RTS and CTS 
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Transmit Timings^iVlanchester Data Encoding 
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Transmit Timings—Lost CTS 
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Transmit Timings— NRZI Data Encoding 
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Transmit Timings-— Lost CTS 




Receive Data Timings (l\/lanchester) 
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Receive Data Timings (NRZI) 
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Transmit Timings — interframe Spacing 



TFC J\f\jrss\jr\$ ^f\f\j\f\i sJ\r\j\j\f\j'\j\j^j^ 

— s ^ 5 5 — n n 



TCLK 



CTS 
CDT 



TXD jr 



-5 5- 



-5 5- 



I?: 



L l Iff' 



T53 
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Transmit Timings^Coiiision Detect and Jamming 
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High Speed Mode 



Symbol 


Parameter 


MIn 


Max 


Units 


Test Conditions 


Transmit/Receive Clock Parameters 


T60 


RxCTxC Cycle 


200 


*13 


ns 




T61 


TxC Rise Time 




10 


ns 


*1 


T62 


TxC Fall Time 




10 


ns 


*1 


T63 


TxC High 


80 


1000 


ns 


*1,*3 


T64 


TxC Low 


80 




ns 


*1,*3 


Transmit Data Parameters 


T65 


TxD Rise Time 




20 


ns 


*4 


T66 


TxD Fall Time 




20 


ns 


*4 


T67 


TxC Low to TxD 
Valid 




60 


ns 


*4, *6 


T68 


TxC Low to TxD 
Transition 




60 


ns 


*2, *4 


T69 


TxC High to TxD 
Transition 




60 


ns 


♦2, *4 


T70 


TxD Transition- 
Transition 


70 






♦2, *4 


T71 


TxC Low to TxD High 
(At the Transmission End) 




60 


ns 


♦4 


RTS, CTS Parameters 


T72 


TxC, Low to RTS Low 
Time to Activate RTS 




60 


ns 


♦5 


T73 


CTS Low to TxC Low 
CTS Setup Time 


65 




ns 




T74 


IxC Low to RTS High 




60 


ns 


*5 


T75 


TxC Low to CTS Invalid 


20 




ns 




T75A 


CTSHigh to TxC Low 
CTS Set-up Time to 
Stop Transmission 


65 




ns 


*7 


Interframe Spacing Parameters 


T76 


Inter Frame Delay 


*9 








CRS, CDT, Parameters 


T77 


CDT Low to TxC High 
External Collision 
Detect Setup Time 


45 




ns 




T78 


TxC High to CDT Inactive 
CDT Hold Time 


20 




ns 


*14 


T79 


CDT Low to Jamming 
Start 




*10 






T80 


Jamming Period 


*11 








T81 


CRS Low to TxC High 
Carrier Sense Setup Time 


45 




ns 


*14 


T82 


TxC High to CRS Inactive 
CRS Hold Time 


20 




ns 


*14 
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High Speed Mode (Continued) 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


CRS, CDT, Parameters (Continued) 


T83 


CRS High to Jaming 
(Internal Collision Detect) 




♦12 






T84 


CRS High toRxCHigh. 
End of Receive Packet 


80 




ns 




T85 


RxC High to CRS High. 
End of Receive Packet. 


20 




ns 




Receive Clock Parameters 


T86 


RxC Rise Time 




10 


ns 


*1 


T87 


RxC Fall Time 




10 


ns 


♦1 


T88 


RxC High Time 


80 




ns 




T89 


RxC Low Time 


80 




ns 


*1 


Received Data Parameters 


T90 


RxD Setup Time 


45 




ns 


*1 


T91 


RxD Hold Time 


45 




ns 


*1 


T92 


RxD Rise Time 




20 


ns 


«•! 


T93 


RxD Fall Time 




20 


ns 





NOTES: 

*1 — MOS levels. 

*2 — Manchester only. 

*3 — Manchester. Needs 50% duty cycle. 

*4 — 1 TTL load + 50 pF. 

*5 — 1 TTL load + 100 pF. 

*6 — NRZ only. 

*7 — Abnormal end to transmissions: GTS expires before RTS. 

*8 — Normal end to transmission. 

*9 — Programmable value. 

T76 = NIFS X T60 (ns) 

NIFS - the IFS configuration value. 

If NIFS is less than 12, then NIFS is enforced to 12. 

*10 — Programmable value: 

T79 = NCDF X T60 + (12 to 15) X T60 (ns) (if collision occurs after preamble). 

*11 — T80 = 32 X T60 

*12 — Programmable value: 

NCSF X TTRC + (12 to 15) X TTRC 

T83 = NCSF X T60 + (12 to 15) X T60 

NCDF - collision detect filter configuration value. 

*13 — 2000 ns if configured for Manchester encoding. 

*14 — To guarantee recognition on the next clock. 
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Receive Data Waveforms (NRZ) 




Receive Data Waveforms 
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HOST INTERFACE AND MEMORY CONTROLLER 



Host Interface to the IBM PC/XT/ AT 
and PS/2TM Buses for 82590, 82592, 
and 82588 LAN Controllers 

Allows 32-, 16-, and 8-Bit Data 
Transfers 

Supports Local Static RAM 

— Up to 32 Kilobytes 

— Programmable Access Time 

Zero-Wait-State Host Interface Option 

Dual-Channel DMA Controller with Ring 
Buffer Management Scheme 



Implements Tightly Coupled Interface 
Mode to 82590/82592 

— Automatic Retransmission upon 
Collision 

— Transmit Chaining 

— Back-to-Back Frame Reception 

— Automatic Buffer Reclamation 

— Address PROM or Other Peripheral 
Support 

— Interfaces Memory-Mapped or 1/0- 
Mapped Adapters 

CHMOS III Technology 

68-Lead PLCC Package 



The 82560 Host Interface and Memory Controller is a companion chip for the Intel 82590 and 82592 Ad- 
vanced CSMA/CD LAN Controllers as well as the Intel 82588. The 82560 interfaces these controllers to IBM 
PC/XT/ AT and PS/2 systems. It integrates all the interface functions required to implement a nonintelligent, 
locally buffered LAN solution. The zero wait state and 32-bit data transfers improve the system performance 
by minimizing the LAN's requirement for Host bandwidth. The 82560's DMA performs data transfers between 
the LAN controller and the ring-configured local memory. Ring buffer implementation results in highly efficient 
use of the local memory. The 82560 supports the 82590 and 82592 in their Tightly Coupled Interface (TCI) 
mode. Without CPU intervention, the 82560 performs transmit chaining, automatic retransmission, back-to- 
back frame reception, and frame reclamation. The TCI support reduces the software and hardware overhead 
between frame transfers, and increases the average sustained transfer rate. Combined with the 82590 or 
82592, the 82560 provides a high-performance LAN solution for industry standard or custom CSMA/CD 
networks. 
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Table 1. 82560 Pin Description 



Symbol 



Pin No. 



Type 



Name and Function 



Vcc 



5, 23, 57 



POWER: Cohnected to + 5V power supply. 



Vss 



10, 29, 43, 63 



GROUND: Ground connection. 



CLK 



11 



CLOCK INPUT: This Is the system clock Input for the 82560. It 
controls the Internal operations of the 82560 and Its cycle timing. 



RESET 



42 



RESET: Active high. When active it resets the 82560 to a known 
passive state. 



D0-D7 



40. 41,44-49 



I/O 



82560 DATA BUS: Tri-state bus. Used for programmatic access to 
the 82560 registers. They are also used in the tightly coupled 
interface (TCI) mode. 



A0-A12 



26-39 



ADDRESS LINES: The 13 address lines select either an 82560 
registei-, or an address In the Local Memory. 



HFO, HF1 



25, 24 



HOST FUNCTION SELECT: These two Inputs Indicate the type of 
access requested by the host. These signals are generated by 
external decode logic and are completely asynchronous to the 
825,60 system clock. The proper combinations for each access 
type are shown below: 

HOST FUNCTION 
Access Type 

Idle (No Access Being Requested) 
Request to Access Shared Portion of Local 
Memory 

Request to Access 82560 Registers or the Slave 
Controller (SOS) 

Reque st to Access External PROMs or Latches 
(GCS) 



HF1 


HFO 


1 


1 


1 


0 


0 


1 


0 


0 



RD 



17 



READ: Active low. This signal is used to indicate the direction of 
the host transfer. When active, data is being read from the 
destination (RAM, 560, or GCS port). 



HRDY 



20 



O 



HOST READY: Active high. This signal from the 82560 is activated 
when the device on the Local Bus of the LAN adapter is ready to 
accept data (write cycle) or to output data (read cycle ). W hen n o 
access Is being requested by the host (i.e., both HFO and HF1 are 
high), this signal is tri-stated In the normal mode, and is driven high 
in the pipeline mode. 



XCV1 



22 



TRANSCEIVER ENABLE 1: Enables the transceiver that connects 
the lower byte of the host and Local data buses. In pipeline mode It 
enables the transceiver during non-memory host cycles. 



XCV2/PCS 



21 



TRANSCEIVER ENABLE 2: Enables the transceiver that connects 
the upper byte of the host and Local data buses. In pipeline mode it 
enables the latch during memory host cycles. 



INT 



50 



O 



INTERRUPT OUT: This signal is a logical OR of ail enabled 
Interrupt requests. When active It Indipates an interrupt request to 
the CPU. This signal is tristated after reset. 



GCS 



59 



GENERAL CHIP SELECT: Active low. This signal is asserted by 
the 82560 when the host requests access to external ROMs or 
latches. 
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Table 1. 82560 Pin Description (Continued) 



Symbol 



Pin No. 



Type 



Name and Function 



BED 



18 



BYTE ENABLE: Active low. This signal is asserted in 16- or 32-bit- 
wide host memory cycles to select the lower memory bank. It may be 
connected to the processor's Aq pin. 



BE1 



19 



BYTE ENABLE 1: Active low. This signal is asserted in 16- or 32-bit- 
wide host memory cycles to select the upper memory bank. It may 
be connected to the processor's SHE signal. These two signals are 
connected as follows: 



IHost Bus 


Local Bus 


BEO 


BE1 


8-Bit 


8-Bit 


0 


0 


8-Bit 


16-Bit 


SAO 


1 


16-Bit 


16-Bit 


SAO 


Shbe 


16-Bit 


32-Bit 


SA1 


SA1 


32-Bit* 


32-Bit 


BEO + BE1 


BE2 + BE3 



*80386 address pins 
+ stands for logical OR 



DRQO 



54 



DMA REQUEST CHANNEL 0: Active high. This is an input from the 
LAN controller or other peripherals, it requests DMA service. The 
DMA cycles are run on an on-demand basis, and are prioritized 
between themselves (two channels) and with the host cycles on an 
alternating basis. In 82590 Tightly Coupled mode this signal is 
sampled b y the 82560 at the last clock of the Read or Write signal 
along with DACK1 /EOP to determine the state of the transmit or 
receive process (see Tightly Coupled Interface for more details). 



DRQ1 



52 



DMA REQUEST CHANNEL 1: Active high. This is an input from the 
LAN controller or other peripherals, requesting DMA service. The 
DMA cycles are run on an on-demand basis, and are prioritized 
between themselves (two channels) and with the host cycles on an 
alternating basis. In Tightly Coupled mode this signal is sampled by 
the 82560 at the last clock of the Read or Write signal (see Tightly 
Coupled Interface for more details). 



DACKO/DACK 



55 



Dual Function: This is a dual function pin which serves as DACKO, 
DMA acknowledge for Channel 0, in all mod es except the Tightly 
Coupled Interface mode. It serves as DACK, DMA acknowledge for 
both channels, in Tightly Coupled Interface mode. 
DMA ACKNOWLEDGEO: Active low. Acknowledge DMA requests 
on channel 0. During special chip select cycles, this signal is 
controlled by the CPU. 

DMA ACKNOWLEDGE: Active low. Acknowledge DMA requests on 
either channel 0, or channel 1 . It operates in this mode only when 
programmed for Tightly Coupled Interfac e with the 82590 or 82592. 
This pin can be directly connected to the DACKO/DACK pin of the 
82590 or 82592 LAN controllers. 



DACK1/E0P 



53 



I/O 



Dual Function: This is a duf I function, bidirectional pin which serves 
as DACK1 , DMA acknowledge for channel 1 , In all modes except 
8259X Tightly Coupled Interface mode. It serves as EOP, End of 
Process indicator, an input, during this Tightly Coupled Interface 
mode. 

DMA ACKNOWLEDGE 1: Output. Active low. DMA acknowledge for 
channel 1 . During Special Chip Select (SCS) cycles this signal is 
controlled by the CPU and can be used for accessing the 8259X port 
1 . The output level is determined by the address of the SCS. 
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Table 1. 82560 Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


DACK1/E0P 


53 


I/O 


END OF PROCESS: Input. In the Tightly Coupled Interface mode, 
this input, along with the DRQ pin, is sampled by the 82560 at the 
last clock of the Read or Write signal. The combination of the two 
pins indicates the status of the Transmit or Receive process. When 
low, the EOP signal indicates that the active DMA service should be 
terminated. 


lOWR 


56 


0 


I/O WRITE. Active low. This is the write strobe to the LAN controller 
or I/O device. It is asserted when data is being written to the LAN 
controller by either the Host CPU or the 82560 internal DMA. During 
pipeline read transfers it is the write control signal to the buffer. 


lORD/MWR 


58 


0 


Dual Function: Active low. This signal is used for two different 
operations. It is a control signal during read cycles from the LAN 
controller or another I/O device. It is a write strobe during write 
cycles to the local memory. 

I/O READ: Active low. It is asserted when data is being read from 
the LAN controller by either the host CPU or the 82560 internal DMA. 
During pipeline write transfers it Is the read control signal to the 
buffer. 

MEMORY WRITE: Active low. It is asserted when data is being 
written to local memory. 


INTR 


51 


1 


INTERRUPT REQUEST: This signal when active indicates an 
interrupt request. It is usually connected to the interrupt output of the 
LAN controller. It may be programmed as active high or low, level or 
edge triggered, and it can also be masked. 


MAO-12 


9-1.68 


0 


MEMORY ADDRESS 0-12: These 13 address lines can support two 
8-kilobyte or 8-kiloword banks of static memory. 


CSL 


62 


0 


RAM CHIP SELECT (LOW BANK): Active low. This signal is 
activated during all static-RAM accesses in 8-bit mode, even-byte 
accesses in 16-bit mode, and even-word accesses in 32-bit mode. 


CSH 


61 


0 


RAM CHIP SELECT (HIGH BANK): Active low. This signal is 
activated during odd-byte accesses in 16-bit mode or odd-word 
accesses in 32-bit mode. 


MOE 


60 


0 


MEMORY OUTPUT ENABLE: Active low. This signal is used to 
enable the memory array's output buffers during memory read 
cycles. 


GPI 


16 


1 


GENERAL PURPOSE: Input. This is a general purpose input pin, its 
state may be read by the CPU. 


CS 


12 


0 


CHIP SELECT: Active low. This pin is normally connected to the 
Chip Select input of the LAN controller or other peripherals. It is 
activated during non-DMA accesses to the LAN controller. The CPU 
activates this signal when it accesses addresses 0, 1 , 2, or 3 in the 
Special Chip Select address space of the 82560. 


RSV1,RSV2 


13, 14 


1 


These pins are reserved and should be tied to Vcc- 
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VssC 10 
CLKC 11 
CSC 12 
RSVIC 13 
RSV2C 14 
NCC 15 
GPlC 
RDC 
BEOC 
BElC 
HRDYC 
XCV2/PCSC 
XCVIC 
VccC 
HFl 
HFOC 
AO 
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Figure 2. 82560 PLCC Pinout 
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Figure 3. Noninteiligent, Buffered Adapter Architecture 
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FUNCTIONAL OVERVIEW 

The 82560 Is a dual-port memory controller using 
interrupt logic and DMA to implement a nonlntelli- 
gent, buffered LAN adapter for the IBM PC/XT/ AT 
bus. This type of adapter uses on-board memory as 
a buffer to store frames during transmission and re- 
ception. It also uses on-board DMA to transfer data 
between its local memory and the LAN controller. A 
block diagram of the buffered, nonintelligent LAN 
adapter is shown in Figure 3. The architecture is 
termed nonintelligent because it does not use an on- 
board CPU to process the transmit or receive 
frames. The host CPU processes the frames and 
programs the DMA and LAN controllers. The host 
interface logic, arbitration logic, and the bus trans- 
ceivers connect the host bus to the adapter's local 
bus. They also control all host accesses to the local 
bus. The local memory is shared by the host and the 
LAN controller. It stores information that the host 
wishes to transfer to the LAN controller, and infor- 
mation received by the LAN controller which should 
be read by the host. The memory can be shared in 
two ways—mapping into the host memory space, or 
mapping into the host I/O space. The DMA control- 
ler transfers data between the local buffer memory 
and the LAN controller. The host CPU may use ei- 
ther string move instructions or a system DMA chan- 
nel to move data into the buffer memory. The host 
also accesses the LAN controller registers, the DMA 
controller registers the boot ROM, and the address 
ROM through the local bus. 

The 82560 integrates the host interface, arbitration 
logic, memory control logic, interrupt logic, and DMA 
into one component It replaces 20-30 MSI and SSI 
components (see Figure 1). It also provides a Tightly 
Coupled Interface to the 82588, 82590, and 82592 
LAN controllers, and an efficient buffer management 
scheme, which allows the 82588/82560, 82590/ 
82560, and 82592/82560 combinations to handle 



time-critical processes such as retransmission, buff- 
er reclamation, and continuous back-to-back frame 
reception without host CPU intervention. This im- 
proves the overall data throughput in the network; 
and, consequently, system performance. The follow- 
ing discussion describes the 82560 interface to the 
PC/XT/ AT bus, its support of locally buffered mem- 
ory, and the operation of DMA and the Tightly Cou- 
pled Interface (including the buffer management 
scheme). 



HOST INTERFACE 

The host interface port connects the 82560 to the 
PC-bus through external decode logic and bus trans- 
ceivers. The external decode logic generates the 
HFO and HF1 signals indicating the kind of access 
the host desires. When the request is detected by 
the 82560 (non-pipeline mode) it deasserts the 
HRDY signal, thereby suspending the host cycle. 
HRDY is reactivated when the local device being ac- 
cessed by the host is ready to accept (Write cycle) 
or output (Read cycle) data. HRDY reactivation time 
is programmable as mentioned in the register sec- 
tion; it is described in detail in the 62560 Reference 
Manual. The request undergoes arbitration, and, if 
granted, the 82560 activates the XCV1 and XCV2 
signals. The XCV signals control the transceiver(s) 
which interfaces the host data bus to the local data 
bus. By using one or both transceiver control signals 
the 82560 can support an 8-, 1 6-, or 32-bit-wide bus. 
Once the arbiter grants the host access, the 82560 
begins the local bus cycle by generating the appro- 
priate address and control signals. 

The host CPU can access the internal registers of 
the 82560, the local memory controlled by the 
82560, or other devices— such as Boot ROM or ex- 
ternal Latch— that share the same bus as the 82560. 
Table 2 lists the various access types that can be 
requested by the host. 



Table 2. Host Access Types 



Access Type 


hfT 


HFO 


Address 


Cycle Status Indications 


82560 Registers 


0 


1 


Between 8h and 3Fh 


HRDY 


Local Memory Access 


1 


0 


User Defined 


HRDY, Memory Control 
Signals, XCV Signals 


GCS Access (Boot ROM) 
(General Chip Select) 


0 


0 


User Defined 


HRDY, GCS, lOWR, 
lORD/MWR 


Special Chip Select 


0 


1 


Less Than 8h 


HRDY, DACK Lines, CS, 
lOWR, lORD/MWR 
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The 82560 provides eight semaphore ports to re- 
solve contention in a shared resource system. Only 
the most significant bit of these ports is used. The 
CPU writes all O's to the port to clear it. When the 
port is read, its current value is reported and the 
most significant bit becomes a 1 at the end of the 
cycle. The 82560 also supports devices on the local 
bus other than memory and the LAN controller. 
These devices can be accessed in two ways: by us- 
ing the General Chip Select (GCS) signal, or by us- 
ing the Special Chip Select (SCS) addresses in the 
82560 register space. The first method typically sup- 
ports EPROMs, external latches, and similar devic- 
es. The second method is used for accessing the 
registers of controllers which use the 82560 DMA 
channels; e.g., the 82590, 82592, or 82588. Each 
address in the SCS port provides a unique combina- 
tion of the DACKO-, DACK1-, and CS-pin output 
states. The CPU activates the chip select of the de- 
vice being accessed by asserting or deasserting the 
appropriate signals. 

The host CPU can access the 82560 registers and 
other devices on the local bus at any time. However, 
local memory can only be accessed by the host after 
the 82560 memory control registers are initialized. 
The host accesses local memory in two ways: Page 
Access or Sequential (I/O mapped or pipeline) Ac- 
cess. After reset, the memory access is l/O-mapped 
mode but host access to local memory is disabled. 
The 82560 must be configured for the appropriate 
memory access mode before local memory can be 
accessed by the host. 

The 82560 memory control logic provides the sig- 
nals required to interface to static memory. The 
82560 can address up to 32 kB of local memory. 
Each memory address can refer to, a byte, a vyord, or 
a double word of local memory. Thus the 82560 with 
its two memory chip selects (low to high bank) and 
its MOE and MWR outputs, can support 8-, 16-, or 
32-bit-wide local buses. 

In Page Access mode the local memory is mapped 
into the host memory space. In this mode the host 
can directly access local memory through a fixed 
size window which can be moved around in local 
memory space. This window is referred to as a 
"page". Figure 5 shows the paging scheme. The 
page size can vary from 1 kilobyte to 8 kilowprds, 
and can be located anywhere In local memory. Th|^ 
exact location of the page in the local memory is 
defined by a page register. By reprogramming the 
page register the user can relocate the page in local 
memory. 



In l/O-mapped Access mode the memory is mapped 
into the host I/O address space. Data is transferred 
between host and local memory using host DMA or 
string I/O instructions. The 82560 can be pro- 
grammed to support memory accesses through a 
single I/O port. The I/O port is defined by an ad- 
dress programmed into an 82560 register. The 
82560 maintains the current address, which is up- 
dated each time a memory cycle is run. The host 
does not directly access the local memory. It outputs 
the I/O address onto the A0-A12 address lines, 
with the HF lines indicating a memory access. If the 
I/O address matches the address programmed into 
the 82560, then the 82560 executes the local mem- 
ory cycle by outputting the current address onto the 
memory address lines MAO- 12. 

The 82560 can be configured to interface with the 
host in a pipeline mode. In this mode, transparent or 
edge-trigged latches are needed to isolate the host 
and local bus during memory cycles. Data is written 
to the latch (from the host bus) and copied (from the 
latch) to the local memory. In the host read cycles, 
data is copied from the latch to the host bus. In an- 
ticipation of the next host memory request (sequen- 
tial), the 82560 then copies the next byte or word 
from local memory to the latch. Thus the host CPU 
can operate with 0 wait states by reading from and 
writing to the latch. 



ARBITER 

All requests for access to devices on the local bus, 
whether by the host or by the 82560 DMA, undergo 
arbitration. The host requests are indicated on the 
HF lines; the DMA requests are indicated on the 
DRQ lines. Figure 4 shows the basic arbitration cy- 
cle of the 82560. Arbitration for the local bus is pipe- 
lined. It can take place at any time when the 82560 
is idle, or one clock before the end of the current 
local bus cycle. All requests are sampled on the fall- 
ing edge of the 82560 clock. Arbitration is completed 
within one clock cycle. The resultant local bus cycle 
is started on the falling edge of the next clock. If 
more than one request is active, arbitration is re- 
solved on an alternating priority basis. 

The 82560 deactivates Jts HRDY line when a host 
request is detected; the request is synchronized and 
theri arbitrated. If the request is granted, the appro- 
priate local bus cycle begins. After a programmable 
number of clock cycfes HRDY will be reactivated, 
and the handshake with the host will be ppmpiete. 
DMA requests are synchronized and acknoyvledgecd 
once DMA has been granted access to the local 
bus. The acknowledge lines are kept inactive until 
the DMA is granted access to the local bus. 
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This Diagram Assumes: 

The default priority bit to be 1 (bit 7 of the master mode) 
I/O or MEM wait states to be 1 clock (Tw = 1) 
Non-Pipeline Mode 

In the case of host read cycles (in any mode) or host writQ cycles (in pipeline mode only), "Twh" cycles 
will be asserted in addition to "Tw", between "T1" and "T2" of the host cycles 



Figure 4. 82560 Arbitration Cycies 



.Shored . 
Memory 
• Pag© . 



ololololo 



Bit 2 Bit 0 



Page Register 



Bit 12 Bit 10 




I L_ I HostAddn 

11 TT 



m 



Output Address 



®= Logical OR 



290180-5 



Figure 5. Page iUlechanistn 



DMA MACHINE 



The 82560 provides two DMA channels. Each chan- 
nel can access 16 kb of memory address, and has 
request and acknowledge lines and address regis- 
ters, the DMA normally operates in the Demand 
mode, and becomes active in response to a DMA 
request being granted. The requests qome in on the 
DRQ lines and, if granted, are acknowledged by the 
DACK lines becoming active. Each channel has a 
control register that includes an e riab l e bit, a d irec- 
tion bit, and output enable bits (CS, DACKO, and 
DACK1 are active low signals that can be enabled/ 
disabled during DMA cycles). Each channel also has 
a base, current, stop, lower-limit, and upper-limit reg- 



ister. The current address register (CAR) is incre- 
mented after every DMA transfer except when in 
double host bus mode. The lower-limit register 
points to the beginning of the ring buffer; the upper- 
limit register points to the end of the ring buffer. The 
82560 performs the wraparound (lower limit to 
CAR), each time the CAR equals the upper limit. 
When the contents of the CAR equal those of the 
stop register, DMA transfer stops and the 82560 
generates an Interrupt to the CPU. When the double 
host bus mode is invoked, the DMA machine will 
alternately activate low and high banks of memory 
and will increment the address after each high-bank 
transfer. 
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LOOSELY COUPLED MODE 

The 82560 performs flyby DMA transfers (read from 
slave and write to memory or vice versa). The opera- 
tion continues until the current address register 
equals the stop register or until the DRQ Is removed. 
When the stop register is reached, the 82560 gener- 
ates an interrupt. 



82590 TIGHTLY COUPLED MODE 

The Tightly Coupled Interface is a hardware Inter- 
face between the 82560 and the 82590. This Inter- 
face allows transmission and reception events to be 
processed without CPU intervention. It allows the 
implementation of the time-critical CSMA/CD pro- 
cesses: automatic retransmission, buffer reclama- 
tion, and continuous frame reception and transmis- 
sion. The basic Interface is a two-signal DMA hand- 
shake between the 825 60 an d the 82590; this oc- 
curs over the DRQ and EOP pins. The 82590 pro- 
vides the status of the current transmit or receive 
process, or requests another DMA cycle at the end 
of each DMA cycle. When configured for the Tightly 
Coupled Interface, the 82560 and the 82590 use a 
specific interrupt scheme to minimize CPU overhead 
and to improve data throughput. The 82590 will not 
generate Interrupts when events occur that can be 
handled by the 82560 without CPU Intervention. Fig- 
ure 5 Illustrates the Tightly Coupled Interface mech- 
anism. Ta ble 3 lists the various combination of the 
DRQ and EOP signals, and the events they repre- 
sent. 



CLK 



Table 3. DMA Handshake Encoding 



DRQ 


EOP 


Event Status 


0 


0 


Operation Dohe 


0 


1 


Idle 


1 


0 


Retry Request 


1 


1 


New DMA Transfer Request 



If both DRQ and EOP are sampled high, the Current 
Address Register of the channel is incremented and 
another DMA cycle begins. If a frame is transmitted 
or received without errors, both DRQ and EOP are 
low at the end of the DMA cycle and the 82560 will 
generate an interrupt. If DRQ Is high and EOP Is low, 
a collision occured during transmission, or an error 
occurred during reception. In this case the Current 
Address Register will be reloaded with the value in 
the Base Address Register; and, once again, it will 
point to the beginning of the frame structure in mem- 
ory. 

The DACK1/CST.E0P pin of the 82590 is multi- 
plexed and requires external logic to derive the EOP 
and CS1 signals (see 82590 data sheet). Beca use 
the 82560 integrates this logic, its DACK1/E0P pin 
can be connected (with a pullup resistor) directly to 
the DACK1/C S1/E0P pin of the 82590, and its 
DACKO/DACK pin can be connected directly to the 
DACK pin of the 82590. For more details, see the 
8259X Users Manual. 



DRQn 



DACKn 



WR, RD 




82560 SAMPLES 
DRQ AND EOP 



EOP 82590 OUTPUTS STATUS EOP AND DRQ 
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Figure 6. 82560, 82590 DMA Handshake 
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Transmit 

The 82590 can transmit consecutive frames without 
using the CPU to i3sue the Transmit command each 
time. This improves data throughput during transmis- 
sion and eliminates CPU overhead. The CPU can 
place multiple transmit frames In memory, with each 
frame separated from the next by a Transmit Com- 
mand byte. (For further information see 82590 and 
82592 user manuals.) The 82560 supports transmit 
chaining. It also supports automatic retransmit on 



collision (provided that the maximum number of col- 
lisions is not reached). In this case the current ad- 
dress register is reloaded with the value of the base 
address register, and the DMA transfer is resumed 
without CPU involvement. If the maximum number of 
collisions has been reached, or if transmit failed for 
any other reason, the 82560 will need CPU interven- 
tion. Thus it will generate an interrupt to the CPU. At 
the end of transmission of each frame, the 82560 
updates the status byte (indicating the number of 
collisions) in the memory. 



LOWER 


OOOOh ^ 


LIMIT 




UPPER 


OFFFh 


LIMIT 






BASE 



CURRENT 



STOP 



Figure 7. Example of a 4-kB Transmit Ring Buffer 



1-156 



inteT 



82560 



Receive 

immediately after a channel is enabled for receive, 
the 82560 will write FFh into the first two bytes of the 
frame (pointed to by the base register). The current 
address register is loaded with the contents of the 
base register and is incremented twice (past the two 
reserved bytes). If an error occurs during reception, 
and the save bad frame bit is 0, the CAR is reloaded 
with the content of the BAR and incremented past 
the two reserved bytes; however, if the save bad 
frame bit is set, the CAR is incremented for the next 



frame and the 82560 generates an interrupt to the 
CPU. If no error occurs, the last two bytes received 
(which are always stored in 82560 internal registers) 
are copied back to the first two bytes of the frame. 
These are the byte counts. If the 82590 generates 
an interrupt on each frame reception the 82560 will 
relay that interrupt to the CPU. At this time the value 
of the CAR will be copied into BAR, FF will be writ- 
ten into the next two bytes, and CAR will be incre- 
mented as before to point to the new frame recep- 
tion area. 



LOWER 


1 OOOh ^ 


LIMIT 




UPPER 


IFFFh ^ A 


LIMIT 









CPU HAS PROCESSED 
THIS PART OF THE 
RECEIVE BUFFER 



BYTE COUNT LOW \ (FROM 82560) 



BYTE COUNT HIGH \ (FROM 82560) 
(FROM 82590) 




r ^ 




DATA 






STATUS BYTE 1 


4 7^ 


STOP 


STATUS BYTE 2 






BYTE COUNT LOW 




BYTE COUNT HIGH 




BYTE COUNT LOW 


(FROM 82560) 


BYTE COUNT HIGH 


(FROM 82560) 


DATA 


(FROM 82590) 


-» J 


■» 



BYTE COUNT LOW / (prqm 82590) 
BYTE COUNT HIGH/ (FROM 82590) 
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Figure 8. Example of a 4-kB Receive Ring Buffer 
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Table 4. Address Map 



RESERVEP 


3Fh 






HOST MODE REGISTER 


2Fh 






STOPO 


2Eh 
2Dh 
2Ch 


CO CO CO 

com 


ST0P1 


RESERVED 


2Bh 


3Bh 




UPPER LIMIT REGISTER 0 


2Ah 
29h 
28h 


3Ah 
39h 
38h 


UPPER LIMIT REGISTER 1 


RECEIVE TEMP. REGISTERS 


27h 


37h 




LOWER LIMIT REGISTER 0 


26h 
25h 
24h 


36h 
35h 
34h 


LOWER LIMIT REGISTER 1 


DMA CONTROL REGISTER 0 


23h 


33h 


DMA OONTnUL RtCalo i cH 1 


ADDRESS Base Current 

ncCaloTcn 0 


22h 
21h 
20h 


32h 
31h 
30h 


BASE Base/ 
ADDRESS Current 
REGISTER 1 Bit = 1 


CURRENT B 
ADDRESS p.. _ f. 
REGISTER Ot " 


22h 
21h 
20h 


32h 
31h 
30h 


CURRENT g 
ADDRESS n 
REGISTER U ^ 


DMA MODE REGISTER 


IFh 






HOST 
ADDRESS 
REGISTER H 


1Eh 
IDh 
1Ch 


* Base/Current bit refers to the read cycles 
only. When writing, both base and current 
are updated. 

1 0 refers to DMA channel 0. 

$ 1 refers to DMA channel 1 . 

§ In the 8259X, address 03h and 05h are 
used for accessing Port 0 and Port 1 
respectively. 


SELECT 
REGISTER 


IBh 
lAh 


RESERVED 


19h 
18h 


INT MASK REGISTER 


17h 


INT CONTROL/STATUS REGISTER 


16h 


82588 STATUS 2 REGISTER 


15h 


82688 STATUS 1 REGISTER 


14h 


RESERVED 


13h 


CONTROL REGISTER 


12h 


IDENTIFICATION REGISTER 


11h 


MASTER MODE REGISTER 


10h 


SEMAPHORES 


OFh 
t 

08h 


CS DACK1 DACKO 

1 1 1 07h 
1 1 0 06h 
10 1 05h 
SCS PORTS§ 1 0 0 04h 
0 1 1 03h 
0 1 0 02h 
0 0 1 Olh 
0 0 0 OOh 



NOTE: 

When writing to 3-byte registers, the most significant byte (higher address) should be written last. The value written into the 
most significant bytes should be 0. The third bytes are reserved for possible future use. 
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82588 TIGHTLY COUPLED MORE 

The 82560 supports a Tightly Coupled Interface 
(TCI) with the 82588. This interface allows transmit 
and receive events to be processed without CPU 
intervention. It allows the combination of the 82588 
and 82560 to implement time-critical, CSMA/CD 
events: automatic retransmission, buffer reclama- 
tion, and continuous frame reception (see 82588 
Reference Manual). When configured for the 82588 
TCI mode, the 82560 uses the 82588 INT pin to de- 
termine if an event has occurred. The 82560 then 
reads the 82588 status register(s) to determine the 
cause of the interrupt. If the interrupt is due to a 
collision during transmission, a good frame recep- 
tion, or errors during frame reception then the 82560 
will update its DMA address registers and issue the 
82588 the commands necessary for minimizing CPU 
intervention. The 82560 will regenerate all 82588 in- 
terrupts except those generated when a collision oc- 
curs during transmission (with the maximum retry 
count not exceeded). Because transmit and receive 
interrupts are time-critical processes the 82560 au- 
tomatically acknowledges such interrupts to reduce 
dependency on the CPU. It will regenerate the inter- 
rupt on its INTOUT pin unless the interrupt is due to 
a transmit collision. 

If the 82588 issues an interrupt due to a collision 
during transmission, and the maximum retry count 
has not been exceeded, the 82560 will automatically 
reload the Current Address Register with the value 
in the Base Address Register, acknowledge the in- 
terrupt, and issue a retransmit command to the 
82588. If the interrupt is due to the reception of a 
good frame, the 82560 will update its Base and Cur- 
rent Address Registers and prepare for a new in- 
coming frame. If the interrupt is due to a receive 
frame error, the 82560 will reclaim the buffer by re- 
setting the Current Address Register to the begin- 
ning of the frame buffer. 

If the 82588 is unable to transmit due to having ex- 
ceeded the maximum retry count or a Lost-CTS con- 
dition or a Lost-CRS condition, an interrupt is gener- 
ated; the 82560 will not update its DMA address reg- 
isters. It will, however, acknowledge the 82588 inter- 
rupt and regenerate the Interrupt on its INOUT pin. 



PROGRAMMING 

The 82560 registers may be logically grouped into 
Device Configuration registers, Status registers and 
DMA address registers. Table 4 shows all of the 
82560 registers and their addresses. All registers ex- 
cept receive temporary registers, 82588 status 1 
and 2 registers, and the identification register, which 
are read only, are read/write registers. 

The registers can be accessed by the host CPU. The 
RD signal indicates the direction of data transfer be- 
tween the 82560 and the CPU. The actual data 
transfer takes place over the 82560's 8-bit data bus 
lines (D7-D0). The address of the register being ac- 
cessed Is taken from the address lines A5-A0. 

Since the 82560's data bus is 8-bits wide, all access 
to its registers is on a byte basis. If a register is 
longer than 1 byte, each byte has to be accessed 
individually through its unique address in the 82560 
register space. 

On power-up or reset, the 82560 registers are set to 
a default configuration. The user must initialize the 
82560 for the proper system configuration. 

The SCS ports occupy eight addresses in the 82560 
register space. The SCS ports should not be thought 
of as registers. They are merely addresses in the 
register space whi ch, when addres sed, activate a 
combination of the DACKO, DACK1 or CS pins. The 
particular combination of these pins signal levels de- 
pends on the SCS port address being accessed. 
The semaphore ports allow resource sharing in a 
dual processor (intelligent adapter) environment. 
Each port can be used as a semaphore to imple- 
ment mutual exclusion. 



CONFIGURATION REGISTERS 

By programming these registers, the 82560 can be 
tailored to support different PCs, slaves and memo- 
ries. The memory access mode (I/O or memory 
mapped) and the type of DMA support (loosly or 
tightly coupled) can also be programmed. 
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MASTER MODE REGISTER (lOh) 





0 


D5 


D4 


D3 


0 




Do 



Host bus interface 

► 00 equal data bus wtdth 

*- 01 double data bus width* 

► 01 double data bus width* 

with special receive 

► 10 reserved 
Reserved 

Base/Current select (1/0) 
HRDY delay 

► 00 no delay 

► 01 0.5 clock delay 

► 10 1.5 clock delay 

► 1 1 2.5 clock delay 
Reserved 

Host/DMA Idle priority (1 or 0) 



♦ IN SOME VERSIONS OF 82560, THIS MODE IS NOT TESTED. 



CONTROL REGISTER (12h) 



0 


0 


0 


D4 


D3 


D2 


Di 


Do 



I/O access delay (0 to 3) 
-> Early/Late write option (1/0) 
Memory access delay (0 to 3) 
Reserved 



HOST MODE REGISTER (2Fh) 



0 


0 


0 


0 


0 


0 


Dl 


Do 



Enable/Disable pipeline mode (1/0) 
■► Pipeline direction read/write (1/0) 

Reserved 
■► General purpose input 
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INTERRUPT MASK REGISTER (17h) 



D7 




D5 


D4 


D3 


D2 




Do 

























Low byt« of the host-selected address 
(l/O-mapped memory access) 
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SELECT REGISTER, HIGH BYTE (1Bh) 



D7 


De 


D5 


D4 


D3 


D2 


Dl 


Do 



High bits of the host-selected address 
HRDY delay reference source 
Memory or I/O mapped (1/0) 
Enable/Disable memory access (1/0) 



290180-13 



DMA MODE REGISTER (IFh) 



Dy Dg D5 0 0 0 0 0 



Reserved 

Save/Discard bad frame (1/0) 
DMA Mode 

► 00 loosely coupled (regular) 

► 1 0 8259X Tightly Coupled Interfaced 

► 01 82588 TCI 

► 1 1 reserved 
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INTERRUPT MASK REGISTER (17h) 



D7 




0 


0 


D3 


D2 




Do 



Level/Edge sensitive (1/0) 
High/Low true ossert (1/0) 

► 00 no change* 

► 01 enable slave interrupt 

► 10 disable slave interrupt 

► 1 1 reserved 



Reserved 

Disable/Enable Tx chain (1/0) 
Enable/Disable interrupt tri-state (1/0) 



*Whenever one of these bits is "1" while writing to this register, other bits are not affected. 



Host Address Registers 

Contain the initial memory address when the host accesses memory in I/O mapped or pipeline mode. 

Identification/Software Reset Register 

Writing to this address will reset the chip. Reading from it will provide the user with 82560 stepping information. 



MASTER MODE REGISTER (lOh) DMA Control Register* (23hor33h) 



D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 



Disable/Enable DACKO during 
DMA cycles (1/0) 



Disable/Enable, DACK1/E0P during 
DMA cycles (1/0) 

-> Disable OS during DMA cycles (1/0) 
Direction bit: memory read/write (1/0) 
Enable/Disable DMA channel (1/0) 
Receive/Execution channel (1/0)t 

-► Reserved 
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D5 


D3 


DMA Channel Function 


0 


0 


Transmit 


0 


1 


Dump (588 or 590/592) 


1 


0 


Reserved (Do Not Use) 


1 


1 


Receive 



*Each DMA channel has its own control register, 

tThe following table shows the encoding of bits 3 and 5: 
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INTERRUPTS 

In the non-tightly coupled mode, the 82560 will gen- 
erate an interrupt when the Current Address register 
equals the Stop register or when the interrupt input 
pin is active. 

in the tightly coupled modes, the conditions for gen- 
erating Stop register interrupts are the same howev- 
er, the 82560 will generate 82590 interrupts only if 
its source was one of the following. 

• Transmission of every frame, or last frame, in the 
chain is completed (programmable). 



• Transmission failed because of a collision, and 
the maximum number of Transmit retries is 
reached. 

• Transmission failed for a reason other than colli- 
sion; e.g., lost CRS/CTS. 

• Reception failed, and the Save Bad Frame bit is 
set. 

• Reception completed. 

The interrupt control register is read by the interrupt 
routines to determine the exact source of the inter- 
rupt. 



INTERRUPT STATUS READ REGISTER (16h) 



0 


0 


D5 


D4 


D3 


D2 


0 


Do 



External Interrupt 
Reserved 

DMA channel-O-done Interrupt 
DMA channel-O-stop Interrupt 
DMA channel- 1 -done Interrupt 
DMA channel- 1 -stop Interrupt 
Reserved 
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NOTE: 

The interrupt control register is written to acknowledge and reset the interrupt. 



INTERRUPT CONTROL WRITE REGISTER (16h) 



D7 


0 


D5 


D4 


D3 


0 


Dl 


Do 



Test/ACK external interrupt 
Reserved 



Test/ACK DMA channel-O-done Interrupt 
Test/ACK DMA channel-O-stop Interrupt 



Test/ACK DMA channel- 1 -done Interrupt 
Test/ACK DMA channel- 1 -stop interrupt 



— ► Reserved 

Test/ACK Interrupt control register 
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SYSTEM INTERACTION 

A typical 82560 system interaction is described be- 
low. 

1. The CPU configures tlie 82560 by writing to con- 
figuration registers. 

2. The CPU accesses the local memory (through the 
82560) and prepares a block of transmit frames. 

3. The CPU writes the proper addresses into the 
82560's DMA address registers, (base, current, low- 
er limit upper limit and stop). 

4. The CPU writes to the 82560's DMA control regis- 
ters to configure and enable the channels. 

5. The CPU issues a transmit command to the 
82590. 

6. The 82560 responds to the 82590's DMA request 
by transferring data from memory to the 82590. 

7. Upon completion of transmission, the 82560 
sends an interrupt to the CPU. 

8. The CPU reads the 82560 interrupt control regis- 
ter to find the source of the interrupt. 

9. The CPU issues a command to the 82590 to clear 
its interrupt. (If the source of the interrupt was the 
82590.) 

10. The CPU acknowledges the 82560 interrupt by 
writing a "1 " into the corresponding interrupt control 
register bit(s). 



APPLICATIONS 

Figure 9 shows a buffered, nonintelligent StarLAN 
adapter for the IBM PC bus (using the 82560 and the 
82590). Figure 10 shows a buffered, nonintelligent 
Ethernet adapter for the IBM PC bus (using the 
82560, 82592, 82C501 and the 82502). 



82560 MACHINE CYCLE 

The 82560 machine cycle can be broken down into 
three basic cycles: Idle (T|dle). Arbitration (Ta) and 
Transfer (Tjsf)- The machine cycle begins when a 
request (HF or DRQ) becomes active and the 82560 
is in the idle state (Tidle)- The requests are synchro- 
nized and then undergo arbitration (Ta)- Once arbi- 
tration is completed, the transfer cycle (Ttsf) be- 
gins. 

Synchronization (Ts) is completed on the falling 
edge of the clock. If the previous cycle was non-idle, 
arbitration begins and is completed within one clock 
period (by the next falling edge of the clock). 

The Transfer cycle consists of the following sequen- 
tial states: the first transfer state (T-i), memory or I/O 
wait states (Tw), and the second transfer state (T2). 
There may be another transfer state, T^h (wait host), 
during host read or pipeline cycles. When no re- 
quests are pending, and the 82560 is not in the 
transfer or arbitration cycle, it is said to be in the idle 
state (Tidle)- the previous cycle was non-idle, the 
arbitration period (Ta and T2 of the previous cycle 
will be done in parallel. (See Figure 4.) 

Tw is the programmable portion of the transfer cy- 
cle. It can be zero to three clocks long depending on 
the programmed memory or I/O access delays. If 
the programmed delay is zero, then there will be no 
Tw; the first state of the transfer cycle will be T^. 
During T2 the transfer cycle is completed unless the 
cycle is a host read cycle. In that case the cycle will 
be extended by inserting T^h- The 82560 will remain 
in Twh until the HF lines are deasserted. Once HF 
lines are deasserted, T2 will begin and one clock 
period later the bus cycle is complete. 
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ABSOLUTE MAXIMUM RATINGS'" 

Case Temperature (TC) 
under Bias 0**C to + 85°C 

Storage Temperature - 65"C to + 1 50**C 

Voltage on any Pin with 

Respect to Ground -0.5V to Vcc + 0-5V 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS TC = o**cto +85**C, Vcc = +5V ±10% 

CLK pin has MOS levels (see Vmil. Vmih) All other signals have TTL levels (see V|l, V|h, Vql, Vqh)- 



Symbol 


Parameter 


MIn 


Max 


Units 


Test Conditions 


V|L 


Input Low Voltage (TTL) 


-0.5 


+ 0.8 


V 




V|H 


Input High Voltage (TTL) 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage (TTL) 




0.45 


V 


Iql = 3.2 mA 


VOH 


Output High Voltage (TTL) 


2.4 


Vcc 


V 


Iqh = -400 jbtA 


Vmil 


Input Low Voltage (MOS) 


-0.5 


0.6 


V 




Vmih 


Input High Voltage (MOS) 


Vcc - 0.6 


Vcc + 0.5 


V 




Ili 


Input Leakage Current 




±10 


/xA 


0 = V|N = Vcc "0.45 


Ilo 


I/O Leakage Current 




T10 


jaA 


0.45 = VouT = Vcc -0.45 


C|N 


Capacitance of Input Buffer 




10 


PF 


FC = 1 MHz 


Cqut 


Capacitance of Input/Output Buffer 




20 


PF 


FC = 1 MHz 


Ice 


Power Supply Current 




50 


mA 


10 MHz 



A.C. CHARACTERISTICS Cl on all outputs is 50 pF. The user should add 0.2 ns/pF up to 100 pF 



Symbol 


Parameter 


Min 


Max 


Test Conditions 


SYSTEM CLOCK INPUT PARAMETERS 


T1 


CLK Cycle Period 


100 




(Notel) 


T2 


CLK Low Time 


45 




(Notel) 


T3 


CLK High Time 


45 




(Notel) 


T4 


CLK Rise Time 




5 


(Note 2) 


T5 


CLK Fall Time 




5 


(Note 3) 


HOST ACCESS CYCLE— NGN PIPELINE MODE PARAMETERS 


T6 


HF or DRECJ Setup Time 


10 






T7 


HF Active time (Low) 


2*T1 + 10 




(Note 5) 


T8 


HF Inactive Time (High) 


T1+10 






T9 


HFtoHRDYLow 




50 




T10 


HF Active to HDRY High 


2*T14-50 


(Note 4) 


(Note 9) 


Til 


HRDY High to HF Inactive 


0 




(Note 5) 
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A.C. CHARACTERISTICS 

Cl on all outputs Is 50 pF. The user should add 0.2 ns/pF up to 100 pF (Continued) 



Symbol 


Parameter 


Min 


Max 


Test Conditions 


HOST ACCESS CYCLE— NGN PIPELINE MODE PARAMETERS (Continued) 


11 2 


HF Inactive toHRDY Float 




75 




11 3 


HF Active to XCVR Lines Low 


T1+T2 


2*T1+T2 + 75 


(Note 6) 


T14 


HF Inactive to XCVR Lines High 


(Note 7) 


75 




T15 


HF Active to RD Low 




T1+T2 + 10 




T16 


RD Hold after HF Inactive 


0 






T17 


HF Active to Input Add. Valid 




-20 




11 8 


Address Hold after HF Inactive 


0 




(Note 8) 


T19 


HF Active to 82560 Data Valid ' 




3*T1+80 


(Note 9) 


T20 


Data Hold after HF Inactive 


T14-T2 






T21 


HF Active to 82560 Add Valid (MAn). 




2*T1+T2 + 75 


(Note 9) 


T22 


Add Valid or Chip Select Active Time 


2*T1 


(Note 10) 




T23 


HF Active to CS Active 




2*T1+T2 + 50 


(Note 9)* 


T24 


CS Enveloping Controls 


20 






T25 


Control Active Time 


(Note 11) 


(Note 11) 




T26 


HF to Data Valid 




3*T1-30 




T27 


Data Hold after HRDY High 


(Note 12) 






HOST ACCESS CYCLE— PIPELINE MODE PARAMETERS 


T28 


HF Active Time 


T1 + 10 


(Note 13) 


(Note 9) 


T29 


HF Active to Port CS Active 




2*T1+75 


(Note 6) 


T30 


HF Inactive to HRDY Low 




75 




T31 


HRDY Low to HRDY High 




(Note 14) 




T32 


Port CS Active Time 


2*T1 


(Note 14) 




T33 


HF Inactive to Buffer Write 


10 






T34 


Write Active Time 


TMO 


T1 + 10 




DMA PARAMETERS 


T35 


DRQn High or INTR to Clock 
Lqw Setup Time 


50 




(Note 15) 


T36 


DRQn Low to Clock Low, Hold Time 


10 






T37 


EOP Pulse Width 


T1 






T38 


Address Delay Time 




T2 + 75 




T39 


CS, CSn, DAKn Delay Time 




T24-50 




T40 


CSn Delay Time (Slave to SRAM Flyby) 




50 




T41 


IORD_MWR, lOWR Delay Time 




45 




T42 


IORP_MWR, lOWIR Active Time 


(Note 16) , 


(Note 16) 
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A.C. CHARACTERISTICS 

Cl on all outputs Is 50 pF. The user should add 0.2 ns/pF up to 100 pF (Continued) 



Symbol 


Parameter 


Min 


Max 


Test Conditions 


INTERRUPT PARAMETERS 


T43 


Interrupt Delay Time 




75 




T44 


Interrupt Gap 


3*T1-10 






RESET PARAMETERS 


T45 


Reset Setup Time 


50 






146 


Reset Active Time (High) 


4*T1 







*For pin HRDY 4 mA. 



NOTES: 

1 . Measured at Vcc/2. 

2. 3.2V to 1.8V. 

3. 1.8V to 3.2V. 

4. The following configuration affect the HRDY output going active (high). 
Legend: 

TID— The configuration of HRDY delay (master mode register, TID = 0,.5,1. 5,2.5 ). 
TIO— The configuration of I/O access delay (Control register, 
TIO = 0,1,2,3). 

TMEM— The configuration of MEM access delay (Control register, TMEM = 0,1,2,3 ). 
"If bit 5 of Register at Address 1BH then (TID+2)*T1 +75 
else [TID + TIO(or TMEM) + 2] *T1 +75" 

5. The user should not that the XCVR lines goes inactive immediately after HF inactivation. 

6. Provided that the HOST wins arbitration. 

7. In the case of HOST write cycle the XCVR lines will go high at the end of the 82560 cycle even if HF lines are still active. 
In the case of HOST read cycles, the 82560 will terminate the local cycle after HF lines are inactivated. 

8. Address lines are latched at the end of T1 of 82560 HOST bus cycles. 

9. The maximum time specified assumes that the HOST wins the arbitration. If the HOST loses the arbitration to a DMA 
request two possible sceneries are: 

a) Arbitration lost to a single DMA cycle. In this case [(greater of TIO and TMEM) + 2]*T1 should be added to the 
max. time. 

b) Arbitration lost to a DMA cycle which is followed by four locked DMA cycles. In this case [(greater of TIO and 
TMEM)*5 + 10]*T1 should be added to the max. time. This might happen in the rare case when the HOST request 
coincides with the last receive or transmit transfer, in the TCI mode. 

10. [TIO(orTMEM) + 2]*T1 + 10. 

In the case of long (HF) HOST memory read requests, it would be extended until the request is removed. 

11. Min = [TIO(orTMEM) + 1]*T1-10, Max = [TIO(or TMEM)+ 1]*T1 + 10. 

1 2. This parameter depends on T1 0. In terms of machine states, data remains valid until the end of the cycle (end of state 
T2). 

13. (TMEM + 2)*T1+75+ Tsystem. 
Tsystem = delay from HRDY to HF inactive. 

This maximum time refers to a second memory request immediately following a first one, assuming that the first one 
was not delayed by a DMA cycle. 

1 4. [TIO(or TMEM) + 2] *T1 + 75. . 

1 5. This is an asynchronous signal (DRQn only in its leading edge). It is internally synchronized. Meeting this parameter, 
assures recognition on the next clock. 

1 6. Min = [(greater of TIO and TMEM) + 1 1 *T1 + T2 + 1 0 
Max - [(greater of TIO and TMEM) + 1 ] *T1 + T2 + 1 0 
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A.C. TESTING INPUT & OUTPUT WAVEFORM SYSTEM CLOCK TIMING 



2.4 



0.45 



3c; 



-TEST POINTS 1 .5 



290180-21 



A.C. Testing Inputs are Driven at 2.4V for a Logic "1" 
and 0.45V for a Logic "0". Timing Measurements are 
made at 1.5V for both a Logic "1" and "0". 



-T3- 



-T2- 



-T1- 




290180-22 



WAVEFORMS 

HOST READ CYCLE— NON PIPELINE MODE 



CLK 



HFn 



HRDY 



XCVn 



RD 



A0-A12, BMn 



Data Valid 



MA0-12.CSn 



GCS, CS, DACKn 



lORD/MWR 



T13-^ 



-«-T15-^ 



'T17- 



) f~ VALID 




HOST READ FROM 82560 



— g|c 



-T14 



♦-T16 



3= 



-T20- 



HOST READ FROM I/O or SRAM 



MOE ~T 



-T21- 



-T23- 



-T22- 



-T22- 



*-T24 



T24 *- 



T24-- 



-T25- 



■T42- 



--T24'^ 



290180-23 
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WAVEFORMS (Continued) 

HOST WRITE CYCLE— NON PIPELINE MODE 



CLK 



HFn 



HRDY 



XCVn 



RD 



A0-A12, BMn 



Data Valid 



MAO- 12 



CSn, GCS, CS. DACKn 



lORD/MWR, lOWR 



VALID 




HOST WRITE TO 82560 



-T26 



-T14 



♦-T18-»^ 



-T27- 



HOST WRITE TO I/O or SRAM 



-T21 



-T23 



-T22- 



-T22- 



— T24 



T24-*- 



-T25- 



290180-24 
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WAVEFORMS (Continued) 

HOST READ CYCLE— PIPELINE MODE 



CLK 



HFn 



HRDY 



XCV1 



RD 



BMn 



MAO- 12, 



CSn 



XCV2/PCS 



lOWR 



MOE 



Ts 



T6 



To T1 T2 



-T28- 



-*T30*- 



-T17»^ 



— T1 

l| c valid" 



-T8 



-T31 



-T21- 



-T23- 



-T29 



-T22 



-T22- 



-T32- 



— T24 
-T34-^ 



T24 



-T25 
— T42- 



-^T24 



-•-T24 
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WAVEFORMS (Continued) 

HOST WRITE CYCLE— PIPELINE MODE 



XCV2/PCS 



lORD/MWR 



la 



-»T30-^ 
I* T32-^ 



T1 

^ valid" 



-T31- 



-T21- 



T24 



-T42- 



> — UJ 
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DMA FLYBY CYCLE— SLAVE TO SRAM 



MAO- 12 



lORD/MWR 



1 



•T2- 
T41-* 



T37- 
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WAVEFORMS (Continued) 

DMA FLYBY CYCLE— SRAM TO SLAVE 



CLK 



DRQn 



FOP 



MAO- 12 



DACKn.CSn 



lOWR 



MOE 




1 



T38-* 



T39-*- 



T6-* 



-T22- 



-T24- 



•T25H 
T41-- 



-«T25H 
T41 — 



-T26- 



-T42- 



-T37- 



T25*- 
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WAVEFORMS (Continued) 
INTERRUPT 



RESET 
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INTRODUCTION 

This application note describes a design example of an 
IEEE 802.2/802.3 compatible Data Link Driver using 
the 82586 LAN Coprocessor. The design example is 
based on the "Design Model" illustrated in "Program- 
ming the 82586". It is recommended that before read- 
ing this application note, the reader clearly understands 
the 82586 data structures and the Design Model given 
in "Programming the 82586". 

"Programming the 82586" discusses two basic issues in 
the design of the 82586 data link driver. The first is 
how the 82586 handler fits into the operating system. 
One approach is that the 82586 handler is treated as a 
"special kind of interface" rather than a standard I/O 
interface. The special interface means a special driver 
that has the advantage of utilizing the 82586 features to 
enhance performance. However the performance en- 
hancement is at the expense of device dependent upper 
layer software which precludes the use of a standard 
I/O interface. 

The second issue "Programming the 82586" discusses 
is which algorithms to choose for the CPU to control 
the 82586. The algorithms used in this data link design 
are taken directly from "Programming the 82586". 
Command processing uses a linear static list, while re- 
ceive processing uses a linear dynamic list. 

The application example is written in C and uses the 
Intel C compiler. The target hardware for the Data 
Link Driver is the iSBC 186/51 COMMputer, however 
a version of the software is also available to run on the 
LANHIB Demo board. 



1.0 FITTING THE SOFTWARE INTO 
THE OSI MODEL 

The application example consists of four software mod- 
ules: 



• Data Link Driver (DLD): drives the 82586, also 
known as the 82586 Handler. 

• Logical Link Control (LLC): implements the IEEE 
802.2 standard. 

• User Application (UAP): exercises the other soft- 
ware modules and runs a specific appHcation. 

• C hardware support: written in assembly language, 
supports the Intel C compiler for I/O, interrupts, 
and run time initialization for target hardware. 

Figure 1 illustrates how these software modules com- 
bined with the 82586, 82501 and 82502 complete the 
first two layers of the OSI model. The 82502 imple- 
ments an IEEE 802.3 compatible transceiver, while the 
82501 completes the Physical layer by performing the 
serial interface encode/decode function. 

The Data Link Layer, as, defined in the IEEE 802 stan- 
dard documents, is divided into two sublayers: the Log- 
ical Link Control (LLC) and the Medium Access Con- 
trol (MAC) sublayers. The Medium Access Control 
sublayer is further divided into the 82586 Coprocessor 
plus the 82586 Handler. On top of the MAC is the LLC 
software module which provides IEEE 802.2 compati- 
bility. The LLC software module implements the Sta- 
tion Component responses, dynamic addition and dele- 
tion of Service Access Points (S APs), and a class 1 level 
of service. (For more information on the LLC sublayer, 
refer to IEEE 802.2 Logical Link Control Draft Stan- 
dard.) The class 1 level of service provides a connec- 
tionless datagram interface as opposed to the class 2 
level of service which provides a connection oriented 
level of service similar to HDLC Asynchronous Bal- 
anced Mode. 

On top of the Data Link Layer is the Upper Layer 
Communications Software (ULCS). This contains the 
Network, Transport, Session, and Presentation Layers. 
These layers are not included in the design example, 
therefore the application layer of this ap note interfaces 
directly to the Data Link layer. 



OSI REFERENCE 
MODEL LAYERS 



PRESENTATION 



TRANSPORT 



DATA LINK 




USER APPLICATION 

UPPER LAYER COMMUNICATION SOFTWARE 

LOGICAL LINK CONTROL 

82586 HANDLER 

DATA LINK COPROCESSOR 

ENCODE/DECODE (ESI) 



TRANSCEIVER CABLE 



TRANSCEIVER 
HARDWARE CONNECTOR 



^ MEDIUM h 



Figure 1. Data Link Driver's Reiationship to OSi Reference Mo6e 1 
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TERMINAL EMUUTOR 
AND 

STATION MONITOR 



0 ]' 



I LLC MO DULE | 



Figure 2. Block Diagram of tlie Hardware and Software 



The application layer is implemented in the User Appli- 
cation (UAP) software module. The UAP module oper- 
ates in one of three modes: Terminal Mode, Monitor 
Mode, and High Speed Transmit Mode. The software 
initially enters a menu driven interface which allows 
the program to modify several network parameters or 
enter one of the three modes. 

The Terminal Mode implements a virtual terminal with 
datagram capability (connectionless "class 1" service). 
This mode can also be thought of as an async to IEEE 
802.3/802.2 protocol converter. 

The Monitor Mode provides a dynamic update on the 
terminal of 6 station related parameters. While in the 
monitor mode, any size frame can be repeatedly trans- 
mitted to the cable in a software loop. 

High Speed Transmit Mode transmits frames to the ca- 
ble as fast as the software possibly can. This mode dem- 
onstrates the throughput performance of the Data Link 
Driver. 

The UAP gathers network statistics in all three modes 
as well as when it is in the menu. In addition, the UAP 
module provides the capability to alter MAC and LLC 
addresses and re-initialize the data link. (Figure 2 
sho\ys a combined software and hardware block dia- 
gram.) 



The C Assy Support module has a run time start off 

function which loads the DLD data segment into a 

global variable SEGMT . This data segihent is used 

by the 82586 Handler for address translation purposes. 
The 82586 uses a flat address while the 80186 uses a 
segmented address. Any time a conversion between 
82586 and 80186 addresses are needed the SEGMT_ 
variable is used. 

Pointers for the 80186 in the large model are 32 bits, 
segment and offset. All the 82586 link pointers are 16 
bit offsets. Therefore when trading pointers between the 
82586 and the 80186, two functions are called: 
Offset (ptr), and Build_Ptr (offset). Offset (ptr) takes a 
32 bit 80186 pointer and returns just the offset portion 
for the 82586 Hnk pointer. While Build_Ptr (offset) 
takes an 82586 link pointer and returns a 32 bit 80186 

pointer, with the segment part being the SEGMT 

variable. Offset ( ) and Build Ptr( ) are simple func- 
tions written in assembly language included in the C 

Assy Support module. 

In the small model. Offset ( ) and Build Ptr( ) are not 

needed, but the variable SEGMT is still needed for 

determining the SCB pointer in the ISCP, and in the 
Transmit and Receive Buffer Descriptors. 



3.0 THE 82586 HANDLER 



2.0 LARGE MODEL COMPILATION 

All the modules in this design example are compiled 
under the Large Model option. This has the advantages 
of using the entire 1 Mbyte address space, and allowing 
the string constants to be stored in ROM. In the Large 
Model it is important to consider that the 82586's data 
structures, SCB, CB, TBD, FD, and RBD, must reside 
within the same data segment. This data segment is 
determined at locate time. 



3.1 The Buffer Model 

The buffer model chosen for the 82586 Handler is the 
"Design Model" as described in "Programming the 
82586". This is based on the 82586 driver as a special 
driver rather than as a standard driver. Using this ap- 
proach the ULCS directly accesses the 82586's Trans- 
mit and Receive Buffers, Buffer Descriptors and Frame 
Descriptors. This eliminates buffer copying. Transmit 
and receiver buffer passing is done entirely through 
pointers. 
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The only hardware dependencies between the Data 
Link and ULCS interface are the buffer structures. The 
ULCS does not handle the 82586*s CBs, SCB or initiali- 
zation structures. To isolate the data link interface from 
any hardware dependencies while still using the design 
model, another level of buffer copying must be intro- 
duced. For example, when the ULCS transmits a frame 
it would have to pass its own buffers to the data link. 
The data link then copies the data from ULCS buffers 
into 82586 buffers. When a frame is received, the data 
link copies the data from the 82586's buffers into the 
ULCS buffers. The more copying that is done the slow- 
er the throughput. However, this may be the only way 
to fit the data link into the operating system. The 82586 
Handler can be made hardware independent by adding 
a receive and transmit function to perform the buffer 
copying. 

The 82586 Handler allocates buffers from two pools of 
memory: the Transmit pool, and the Receive pool as 
illustrated in Figure 3. The Transmit pool contains 
Transmit Buffer Descriptors (TBDs) and Transmit 
Buffers (TBs). The Receive pool contains Frame De- 
scriptors (FDs), Receive Buffer Descriptors (RBDs), 
and Receive Buffers (RBs). 



UPPER LAYER 
COMMUNICATIONS SOFTWARE 



SEND 



RECEIVE 



f ^ f ^ 

[ TRANSMIT I [ RECEIVE J 
V POOL 7 V POOL J 









TBD 
TB 




FD 
RBD 
RB 



82586 HANDLER 



Figure 3. 82586 Handler Memory 
Management Model 

When the ULCS wants to transmit, it requests a TBD 
from the handler. The handler returns a pointer to a 
free TBD. Each TBD has a TB attached to it. The 
ULCS fills the buffer, sets the appropriate fields in the 
TBD, and passes the TBD pointer back to the handler 
for transmission. After the frame is transmitted, the 
handler places the TBD back into the free TBD pool. If 
the ULCS needs more than one buffer per frame, it 
simply requests another TBD from the handler and 
performs the necessary linkage to the previous TBD. 

On the receive side, the RFA pool is managed by the 
82586 itself When a frame is received, the 82586 inter- 



rupts the handler. The handler passes a FD pointer to 
the ULCS. Linked to the FD is one or more RBDs and 
RBs. The ULCS extracts what it needs from the FD, 
RBDs and RBs, and returns the FD pointer back to the 
handler. The handler places the FD and RBDs back 
into the free RFA pool. 



3.2 The Handler Interface 

The handler interface provides the following basic func- 
tions: 

• initialization 

• sending and receiving frames 

• adding and deleting multicast addresses 

• getting transmit buffers 

• returning receive buffers 

Figure 4 lists the Handler Interface functions. 

On power up, the initiahzation function is called. This 
function initializes the 82586, and performs diagnostics. 
After initiahzation, the handler is ready to transmit and 
receive frames, and add and delete multicast addresses. 

To send a frame, the ULCS gets one or more transmit 
buffers from the handler, fills them with data, and calls 
the send function. When a frame is received, the han- 
dler calls a receive function in the ULCS. The ULCS 
receive function removes the information it needs and 
returns the receive buffers to the handler. The addition 
and deletion of multicast addresses can be done "on the 
fly*' any time after initialization. The receiver doesn't 
have to be disabled when this is done. 

The command interface to the handler is totally asyn- 
chronous — the ULCS can issue transmit commands or 
multicast address commands whenever it wants. The 
commands are queued by the handler for the 82586 to 
execute. If the command queue is full, the send frame 
procedure returns a false status rather than true. The 
size of the command queue can be set at compile time 
by setting the CB — CNT constant. Typically the com- 
mand queue never has more than a few commands on it 
because the 82586 can execute commands faster than 
the ULCS can issue them. This is not the case in a 
heavily loaded network when deferrals, collisions, and 
retries occur. 

The command interface to the 82586 handler is hard- 
ware independent; the only hardware dependence is the 
buffering. A hardware independent command interface 
doesn't have any performance penalty, but some 82586 
programmability is lost. This shouldn't be of concern 
since most data links do not change configuration pa- 
rameters during operation. One can simply modify a 
few constants and recompile to change frame and net- 
work parameters to support other data links. 
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Handler Interface Functions 


Description 


lniL_586() 


initialize the Handier 


Send_Frame (ptbd, padd) 


Sends a frame to tlie cabie. 




ptbd— Transmit Buffer Descriptor pointer 




padd-— Destination Address pointer 


Recv_Frame (pfd) 


•Handler calls this function which resides in the ULCS. 




pfd Frame Descriptor pointer 


Add_Multicast__Address (pma) 


Adds one multicast address 




pma— Multicast Address pointer 


Delete_Multicast-_Address (pma) 


Deletes one multicast address 


Get-Tbd( ) 


Get a Transmit Buffer Descriptor pointer 


Put_Free_Rfa (pfd) 


Returns a Frame Descriptor and Receive 




Buffer Descriptors to the 82586. 



Figure 4. List of Handler Interface Functions 



CB_TOS 



L 



CB 



CB 



CB 



STAT = 0 



EL=1 



LINK 



STAT = 0 



EL=1 



LINK 



STAT = 0 



EL=1 



NULL 



231421-5 



Figure 5. Free CB Pool 



TBD.TOS 



TBD 



TBD 



TBUF_SIZE 



LINK 



82586 BUF.PTR 



80186 BUF_PTR 



TBUF (TBUF.SIZE) 



TBUF_SIZE 



LINK 



82586 BUF_PTR 



80186 BUF^PTR 



TBUF (TBUF_SIZE) 



TBUF.SIZE 



NULL 



82586 BUF_PTR 



80186 BUF.PTR 



TBUF (TBUF.SIZE) 



231421-4 



Figure 6. Free Transmit Buffer Descriptor Pool 
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3.3 Initialization 

The function which initiaUzes the 82586 handler, Init 

586( ), is called by the ULCS on power up or reinitiali- 
zation. Before this function is called, an 82586 hard- 
ware or software reset should occur. The Initialization 
occurs in three phases. The first phase is to initialize the 
memory. This includes flags, vectors, counters, and 
data structures. The second phase is to initialize the 
82586. The third phase is to perform self test diagnos- 
tics. Init 586() returns a status byte indicating the 

results of the diagnostics. 

Init 586( ) begins by toggling the 82501 loopback pin. 

If the 82501 is powered up in loopback, the CRS and 
CDT pin may be active. To reset this condition, the 
loopback pin is toggled. The 82501 should remain in 
loopback for the first part of the initialization function. 

Phase 1 executes initialization of all the handlers flags, 
interrupt vectors, counters, and 82586 data structures. 
There are two separate functions which initialize the 
CB and RFA pools: Build_CB( ) and Build_Rfa( ). 



The CBs within the hst are initiahzed with 0 status, EL 
bit set, and a Hnk to the next CB. The TBD structures 
are initialized with the buffer size, which is set at com- 
pile time with the TBUF_SIZE constant, a link to the 
next TBD, and an 82586 pointer to the transmit buffer. 
This pointer is a 24 bit flat/physical address. The ad- 
dress is built by taking the transmit buffer's data seg- 
ment address, shifting it to the left by 4 and adding it to 
the transmit buffer offset. An 80186 pointer to the 
transmit buffer is added to the TBD structure so that 
the 80186 does not have to translate the address each 
time it accesses the transmit buffer. 

Build_Rfa( ) builds a linear linked Frame Descriptor 
list and a Receive Buffer Descriptor list as shown in 
Figure 7. The status and EL bits for all the free FDs are 
0. The last FD's EL bit is 1 and link pointer is NULL. 
The first FD on the FD list points to the first RBD on 
the RBD list. The RBDs are initialized with both 82586 
and 80186 buffer pointers. The 80186 buffer pointer is 
added to the end of the RBD structure. Begin and end 
pointers are used to mark the boundaries of the free 
lists. 



3.3.1 BUILDING THE CB AND RFA POOLS 



3.3.2 82586 INITIALIZATION 



Build CB( ) builds a stack of free Hnked Command 

Blocks, and another stack of free linked Transmit Buff- 
er Descriptors. (See Figures 5 and 6.) Each stack has a 
Top of Stack pointer, which points to the next free 
structure. The last structure on the list has a NULL 
hnk pointer. 



The 82586 initialization data structure SCP is already 
set since it resides in ROM, however, the ISCP must be 
loaded with information. Within the SCP ROM is the 
pointer to the ISCP; the ISCP is the only absolute ad- 
dress needed in the software. Once the ISCP address is 
determined, the ISCP can be loaded. The SCB base is 

obtained from the C Assy Support module. The 

global variable SEGMT contains the address of the 
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80186 BUF_PTR 
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Figure 7. Free RFA 
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data segment of the handler. The 80186 shifts this value 
to the left by 4 and loads it into the SCB base. The SCB 
offset is now determined by taking the 32 bit SCB 
pointer and passing it to the OfFset( ) function. 

The 82586 interrupt is disabled during initialization be- 
cause the interrupt function is not designed to handle 
82586 reset interrupts. To determime when the 82586 is 
finished with its reset/initiaHzation, the SCB status is 
polled for both the CX and CNA bits to be set. After 
the 82586 is initialized, both the CX and CNA inter- 
rupts are acknowledged. 

The 82586 is now ready to execute commands. The 
Configuration is executed first to place the 82586 in 
internal loopback mode, followed by the lA command. 
The address for the lA command is read off of a prom 
on the PC board. 



3.3.3 SELF TEST DIAGNOSTICS 

The final phase of the handler initialization is to run the 
self test diagnostics. Four tests are executed: Diagnose 
command. Internal loopback, External loopback 
through the 82501, and External loopback through the 
transceiver. If these four tests pass, the data link is 
ready to go on line. 

The function that executes these diagnostics is called 
Test Link( ). If any of the tests fail. Test Link( ) re- 
turns immediately with the Self_Test global variable 

set to the type of failure. This Self Test global variable 

is then returned to the function which originally called 

Init 586( ). Therefore Init 586( ) can return one of 

five results: FAILED_DIAGNOSE, FAILED^ 
LPBK_INTERNAL, FAILED_LPBK_EXTER- 
NAL, FAILED^LPBKL-TRANSCEIVER or 
PASSED. 



INITIALIZATION DIAGNOSTICS 
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Q RETURN ^ 



FAILED DIAGNOSE 
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The Diagnose( ) function, called by Test Link( ), does 

not return until the diagnose command is completed. If 
the interrupt service routine detects that a Diagnose 
command was completed then it sets a flag to allow the 
DiagnoseO function to return, and it also sets the 

Self Test variable to FAIL if the Diagnose command 

failed. If the Diagnose command completed successful- 
ly, the loopback tests are performed. 

Before any loopback tests are executed, the Receive 
Unit is enabled by calling Ru^Start( ). Loopback tests 

begin by calling Send Lpbk_Frame( ), which sends 8 

frames with known loopback data and its own destina- 
tion address. More than one loopback frame is sent in 
case one or more of them are lost. Also several of the 

frames will have been received by the time flags.lpbk 

test is checked. 

Two flag bits are used for the loopback tests: 

flags.lpbk mode, and flags.lpbk test, flags.lpbk 

mode is used to indicate to the receive section that the 
frames received are potentially loopback fraimes. The 
receive section will pass receive frames to the Loopback 

Check( ) function if the flags.lpbk mode bit is set. The 

Loopback Check( ) function first compares the source 

address of the frame with its station address. If this 
matches then the data is checked with the known loop- 
back data. If the data matches, then the flags.lpbk_test 
bit is set, indicating a successful loopback. The flow of 
the Test^Link( ) function is displayed in Figure 8. 

3.4 Command Processing 

Command blocks are queued up on a static list for the 
82586 to execute. The flow of a command block is giv- 
en in Figure 9. When the handler executes a command 
it first has to get a free command block. It does this by 

calling Get CB() which returns a pointer to a free 

command block. The CB structure is a generic one in 
which all commands except the MC-Setup can fit in. 
The handler then loads into the CB structure the type 
of command and associated parameters. To issue the 
command to the 82586 the Issue CU Cmd( ) func- 
tion is called with the pointer to the CB passed to this 
function. Issue ^CU ^Cmd() places the command on 
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LOAD COMMAND 
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-INTERRUPT 
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the 82586's static command block list. After the 82586 
executes the command, it generates an interrupt. The 

interrupt routine, Isr 586( ), processes the command 

and returns the Command Block to the free command 
block list by calling Put_Cb( ). 

3.4.1 ACCESSING COMMAND BLOCKS-GET^ 
CB() and PUT_CB() 

Get__Cb( ) returns a pointer to a free command block. 
The free command blocks are in a linear linked list 

structure which is treated as a stack. The pointer cb 

tos points to the next available CB. Each time a CB is 

requested. Get Cb( ) pops a CB off" the stack. It does 

this by returning the pointer of cb tos. cb tos is then 

updated with the CB's link pointer. When the CB list is 
empty, Get__Cb( ) returns NULL. 

There are two types of nulls, the 82586 *NULL' is a 16 
bit offset, OFFFFH, in the 82586 data structures. The 
80186 null pointer, *pNULL*, is a 32 bit pointer; with 
OFFFFH offset and the 82586 handler's data segment, 
SEGMT__, as the base. 

Put Cb( ) pushes a free command block back on the 

list. It does this by placing the cb tos variable in the 

returned CB's link pointer field, then updates cb tos 

with the pointer to the returned CB. 



3.4.2 ISSUING CU COMMANDS- 
CMD() 



ISSUE_CU. 



This function queues up a command for the 82586 to 
execute. Since static lists are used, each command has 

its EL bit set. There is a begin cbl pointer and an 

end cbl pointer to deUneate the 82586's static list. If 

there are no CBs on the list, theij begin cbl is set to 

pNULL. (Figure 10 illustrates the static list.) Each 
time a command is issued, a deadman timer is set. 
When the 82586 interrupts the CPU with a command 
completed, the deadman timer is reset. 

Issue Cu Cmd( ) begins by disabling the 82586's in- 
terrupt. It then determines whether the list is empty or 
not. If the list is empty, begin ^nd end pointers are 
loaded with the CB's address. The CU must then be 
started. Before a CU_START can be issued, the SCB's 

cbl offset field must be loaded with the address of the 

command, the Wait Scb( ) function must be called to 

insure that the SCB is ready to accept a command, and 
the deadman timer must be initialized. If the list is not 
empty, then the command block is queued at the end of 

the list, and the interrupt service routine Isr 586( ), 

will continue generating CAs for each command linked 
on the CB list until the list is empty. 



Figure 9. The Flow of a Command Block 
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3.4.3 INTERRUPT SERVICE ROUTINE 
5860 

Isr 586( ) starts off by saving the interrupts that were 

generated by the 82586 and acknowledging them. Ac- 
knowledgment must be done immediately because if a 
second interrupt were generated before the acknowl- 
edgment, the second interrupt would be missed. The 
interrupt status is then checked for a receive interrupt 
and if one occurred the Recv Int Processing( ) func- 
tion is called. After receive processing is check the CPU 
checks whether a command interrupt occurred. If one 
did, then the deadman timer is reset and the results of 
the command are checked. There are only two particu- 
lar commands which the interrupt results are checked 
for; Transmit and Diagnose. The Diagnose command 
needs to be tested to see if it passed, plus the diagnose 
status flag needs to be set so that the initialization pro- 
cess can continue. 

The transmit command status provides network man- 
agement and station diagnostic information which is 
useful for the "Network Management" function of the 
ISO model. The following statistics are gathered in the 

interrupt routine: good transmit ^cnt, sqe err__cnt, 

defer cnt, no crs cnt, underrun cnt, max col 

cnt. To speed up transmit interrupt processing a flag is 
tested to determine whether these statistics are desired, 
if not this section of code is skipped. 

The sqe error requires special considerations when used 
for statistic gathering or diagnostics. The sqe status bit 
indicates whether the transceiver passed its self test or 
not. The transceiver executes a self test after each trans- 
mission. If the transceiver's self test passed, it will acti- 
vate the collision signal during the IFS time. 



Figure 10. The Static Command Block Ust 
ISR_ 



The sqe status bit will be set if the transceiver's self test 
passed. However if the sqe status bit is not set, the 
transceiver may still have passed its self test. Several 
events can prevent the sqe bit from being set. For exam- 
ple, the first transmit command status after power up 
will not have the sqe bit set because the sqe is always 
from the previous cbmmand. Also if any collisions oc- 
cur, the sqe bit might not be' set. This has to do with the 
timing of when the sqe signal comes from the transceiv- 
er. It is possible that a JAM signal from a remote sta- 
tion can overlap the sqe signal in which case the 82586 
will not set the sqe status bit. Therefore the sqe error 
count should only be recorded when no collisions oc- 
cur. 

One other situation can occur which will prevent the 
SQE status bit from being set. If transmit command 
reaches the maximum retry count, the next transmit 
command's SQE bit will not be set. 

The final phase of interrupt command processing deter- 
mines if another command is linked, and returns the 
GB to the free command block list. Another command 
being linked is indicated by the CB link field not being 
NULL. In this case the deadman timer and the 82586's 
CU are re-started. If the CB link is NULL, there are no 

further commands to execute, and begin cbl is set to 

pNULL. 

3.4.4 SENDING FRAMES-SEND.FRAME (PTBD, 
PADD) 

Send Frame( ) receives two parameters, a pointer to 

the first Transmit Buffer Descriptor, and a pointer to 
the destination address. There may be one or more 
TBDs attached. The last TBD is indicated by its hnk 
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field being NULL and the EOF bit set. It is the respon- 
sibility of the ULCS to make sure this is done before 
calling Send Frame( ). 

Send Frame( ) begins by trying to obtain a command 

block. If the free command block list is empty, the send 
frame function returns with a false result. It is up to the 
ULCS to either continue attempting transmission or at- 
tempt at a later time. The send frame function calcu- 
lates the length field by summing up the TBDs actual 
count field. After the length field is determined, send 
frame checks to see if padding is required. If padding is 
necessary, Send Frame will change the act count field 
in the TBD to meet the minimum frame requirements. 
This technique transmits what ever was in the buffer as 
padding data. If security is an issue, the padding data in 
the buffer should be changed. 




SET EOF BIT 
AND ACT. COUNT 



I 

SEND.FRAME (BEGIN_PTBD, PADD) I 
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Figure 1 1. Flow Chart for Sending a Frame 



3.4.5 ACCESSING TRANSMIT BUFFERS-GET. 
TBD() AND PUT_TBD() 

Get_Tbd( ) returns a pointer to a free Transmit Buffer 
Descriptor, and Put__Tbd() returns one or more 
linked Transmit Buffer Descriptors to the free list. The 
TBD which Get_Tbd( ) allocates has its link pointer 
set to NULL, and its EOF bit cleared. If another buffer 
is needed, the link field in the old TBD must be set to 
point to the new TBD. The last TBD used should have 
its link pointer set to NULL and its EOF bit set. Figure 
1 1 shows the flow chart of getting buffers and sending a 
frame. 

Put__Tbd (ptbd) is called by the Isr_586( ) function 
when the 82586 is done transmitting the buffers. A 
pointer to the first TBD is passed to Put_Tbd(). 
Put_Tbd( ) finds the end of the list of TBDs and re- 
turns them to the free buffer list. 

3.4.6 IMULTICAST ADDRESSES 

The 82586 handler maintains a table of multicast ad- 
dresses. Initially this table is empty. To enable a multi- 
cast address the Add Multicast Address(pma) func- 
tion is called; to disable a multicast address. Delete 

Multicast Address(pma) function is called. Both func- 
tions accept a parameter which points to the multicast 
address. Add and Delete functions perform linear 
searches through the Multicast Address Table (MAT). 

Add scans the entire MAT once to check if the address 
being added is a duplicate of one already loaded. Add 
will not enter a duplicate muilticast address. If there 
are no duplicates Add goes to the beginning of the 
MAT and looks for a free location. If it finds one, it 
loads the new address into the free location and sets the 
location status to INUSE. If no free locations are avail- 
able. Add returns a false result. 

Delete looks for a used location in the MAT. When it 
finds one, it compares the address in the table with the 
address passed to it. If they match, the location status is 
set to FREE and a TRUE result is returned. If no 
match occurs, the result returned is FALSE. 

If Add or Delete change the MAT, they update the 
82586 by calling Set_Multicast_Address( ). This 

function executes an 82586 MC Setup command. Set 

Mulitcast Address( ) uses the addresses in the MAT 

to build the MC Setup command. The MC Setup com- 
mand is too big to be built from the free CBs. Free CB 
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command blocks are 18 bytes long, while the MC Setup 
command can be up to 16,392 bytes. Therefore a sepa- 
rate Multicast Address Command Block (ma_cb) 

must be allocated and used. The size of the ma cb and 

MAT are determined at compile time based on the 
MULTI__ADDR_CNT constant. The design exam- 
ple allows up to 16 multicast addresses. 

Since there is only one ma_^cb, and it is not compatible 
with the other CBs, it must be treated differently. Only 

one ma cb can be on the 82586 command list. The 

ma cb command word is used as a semaphore. If it is 

zero, the command is available. If not, Set Multi- 
cast Address() must wait until the ma cb is free. 

Also the interrupt routine can't return the ma cb to 

the free CB list. It just clears the cmd field, to indicate 
that ma cb is available. 

The 82586's receiver does not have to be disabled to 
execute the MC Setup command. If the 82586 is receiv- 
ing while this command is accessed, the 82586 will fin- 
ish reception before executing the MC Setup comand. If 
the MC Setup command is executing, the 82586 auto- 
matically ignores incoming frames until the MC Setup 
is completed. Therefore multicast addresses can be add- 
ed and deleted on the fly. 
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Figure 12. Reset Semaphore 



3.4.7 RESETTING THE 82586- RESET^586() 

The 82586 rarely if ever locks up in a well behaved 
network; (i.e. one that obeys IEEE 802.3 specifica- 
tions). The lock-ups identified were artificially created 
and would normally not occur. This data link driver 
has been tested in an 8 station network under various 
loading conditions. No lock-ups occurred under any of 
the data link drivers test conditions. However the reset 
software has been tested by simulating a lockup. This 
can be done by having the 82586 transmit, and dis- 
abhng the CTS pin for a time longer than the deadman 
timer. 

An 82586 deadlock is not a fatal error. The handler is 
designed to recover from this problem. As mentioned 
before, each time the 82586 is given a CA to begin 
executing a command, a deadman timer is set. The 
deadman timer is reset when a CNR interrupt is gener- 
ated. If the CNR interrupt is not generated before the 
deadman timer expires, the 82586 must be reset. 

Resetting of the 82586 should not be done while the 
handler software is executing. This could create a soft- 
ware deadlock by interrupting a critical section of code 
in the handler. To insure that the Reset 586( ) func- 
tion is not executed while the handler is executing, all 
of the entry points to the handler (i.e. interface func- 
tions) set a semaphore flag bit called flags.reset sema. 

This flag is cleared when the interface functions are 
exited. 

If the Deadman timer interrupt occurs while 

flags.reset sema is set, another flag is set (flag.reset 

pend) indicating that the Reset 586( ) function should 

be called when the interface functions are exited. How- 
ever if the deadman timer interrupt occurs when 
flags.reset sema is clear, Reset_586( ) is called imme- 
diately. Figure 12 shows the logic for entering and exit- 
ing interface functions. 

Reset 586( ) begins by disabhng the 82586 interrupt, 

placing the ESI in loopback, and resetting the 82586. 
The reset can be a software or a hardware reset. How- 
ever, there are certain lockups in the 82586 where only 
a hardware reset will suffice. (The 82586 errata sheet 
explicitly indicates which deadlocks require a hardware 
reset.) After the reset. Reset 586( ) executes a Config- 
ure, lA-Setup, and a MC-Setup command; the MC 

Setup command is built from the multicast address ta- 
ble (MAT). The 82586 Command Queues and Receive 
Frame Queues are left untouched so that the 82586 can 
contiilue executing where it left off before the deadlock. 
This way no frames or commands are lost. This re- 
quires that a separate reset CB and reset Multicast CB 
is used, because other CBs already in use cannot be 
disturbed. 
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3.5 Receive Frame Processing 

The following functions are used for Receive Frame 
Processing: 

Recv Int Processing( ) Called by Isr 586( ) to re- 
move FDs and RBDs from 
the 82586's RFA 

Recv Frame (pfd) Called by Recv Int Pro- 

cessing(). This function re- 
sides in the ULCS 

Check Multicast (pfd) Used for perfect Multicast 

filtering 

Put_Free_Rfa (pfd) Returns FDs and RBDs to 
the 82586's RFA 

Ru Start( ) Restarts the RU when in the 

IDLE or No Resources 
state. 

3.5.1 RECEIVE INTERRUPT PROCESSING- 
RECV^INT^PROCESSINGO 

The Recv Int Processing() function is called by 

Isr_586( ) when the FR bit in the SCB is set. The 

Recv Int Processing( ) function checks whether any 

FDs and RBDs on the free list have been used by the 

82586. If they have, Recv Int Processing( ) removes 

the used FDs and RBDs from the free list, and passes 
them to the ULCS. 

The Recv Int Processing( ) function is a loop where 

each pass removes a frame from the 82586's RFA. 
When there are no more used FDs and RBDs on the 

RFA, the function calls RU Start( ), then returns to 

Isr 586( ). The first part of the loop checks to see if 

the C bit in the first FD of the free FD list is set. If the 
C bit is set, the function determines if one or more 
RBDs are attached. If there are RBDs attached, the 
end of the RBD list is found. The last RBD's Unk field 

is used to update begin rbd pointer, and then it's set 

to NULL. 

After the receive frame has been delineated from the 
RFA, some information about the frame is needed to 
determine which function to pass it to. Since the save 
bad frame configure bit is not set, the only bad frame 
on the list could be an out of resource frame. An out of 

resource frame is returned to the RFA by caUing Put 

Free_RFA (pfd). If the flags.lpbk_mode bit is set, the 
frame is given to the loopback check function. If the 
destination address of the frame indicates a multicast, 
the check multicast function is called. If the frame has 
passed all of the above tests and still has not been re- 
turned, it is passed to the Recv Frame() function 

which resides in the ULCS. 

Check Multicast (pfd) determines whether the multi- 
cast address received is in the multicast address table. 
This is necessary because the 82586 does not have per- 



fect multicast address filtering. Check Multicast does 

a byte by byte comparison of the destination address 
with the addresses in the multicast address table. If no 
match occurs, it returns false, and Recv Int Process- 
ing calls Put Free RFA( ) to return the frame to the 

RFA. If there is a match. Check Multicast( ) returns 

TRUE and Recv Int ProcessingO calls Recv 

Frame( ), passing the pointer to the FD of the frame 
received. 

3.5.2 RETURNING FD8 AND RBDs-PUT^ 
FREE_RFA (pfd) 

Put Free___RFA combines Supply FD and Sup- 
ply RBD algorithms described in "Programming the 

82586" into one function. The begin and end pointers 
delineate what the CPU believes is the beginning and 
end of the free list. The decision of whether to restart 
the RU is made when examining both the free FD list 

and the free RBD list. This is why two ru start ^flags 

are used, one for the FD list and one for the RBD list. 
Both flags are initialized to FALSE. 

The function starts off by initiahzing the FD so that the 
EL bit is set, the status is 0, and the FD link field is 
NULL. The rbd pointer is saved before the rbd pointer 
field in the FD is set to NULL. The free FD list is 
examined and if it's empty, begin — ^fd and end — fd are 
loaded with the address of the FD being returned. In 
this case the RU should not be restarted, because there 
is only one FD on the free list. If the free FD list is not 
empty, the FD being returned is placed on the end of 
the list, the end pointer is updated, and the RU start 
flag is set TRUE. 

To begin the RBD list processing the end of the re- 
turned RBD list is determined, and this last RBD's EL 
bit is set. If the free RBD list is empty, the returned 
RBD Ust becomes the free RBD list. If there is more 
than one RBD on the returned list, the ru start flag is 
set TRUE. If the free RBD- list is not empty, the re- 
turned RBD list is appended on the end of the free list, 
the end — rbd pointer is updated, and the ru start flag is 
set TRUE. 

The last part of Put Free RFA( ) is to determine 

whether to call RU Start(). Both ru start flags are 

ANDed together, and if the result is TRUE, the Ru_ 
Start() function is called. 

3.5.3 RESTARTING THE RECEIVE UNIT-RU_ 
STARTO 

The Ru Start( ) function checks two things before it 

decides to restart the RU. The first thing it checks is 
whether the RU is already READY. If it is, there is no 
reason to restart it. If the RU is IDLE or in NO_RE- 
SOURCES, then the second thing to check is whether 
the first free FD on the free FD list has its C bit set. If 
it does, then the RU should not be restarted. The rea- 
son is that the free FD Ust should only contain free FDs 
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when the RU is started. If the C bit is set in the FD, 
then not all the used FD have been removed yet. If the 
RU is started when used FDs are still in the RFA, the 
82586 will write over the used FDs and frames will be 
lost. Therefore Ru_Start( ) is exited if the first FD in 
the RFA has its C bit set. If the RU is not READY, 

and begin fd doesn't point to a used FD, then the RU 

is restarted. 

Note that in "Programming the 82586" there are two 
more conditions to be met before the RU is started: two 
or more FD on the RFA, and two or more RBD on the 

RFA. These conditions are checked in Put Free 

RFA(), and Ru Start() isn't called unless they are 

met. 



(see Figure 13). The LSAP addresses are defined as 
follows: 

Data Link Layer (Station Component) OOH 

Transport Layer FEH 

Network Management Layer 08H 

User Processes multiples of 4 in the range 

OCH < LSAP ^ FCH 

Each receiving process is identified by a destination 
LSAP (DSAP) and each sending process is identified 
by a source LSAP (SSAP). Before a destination process 
can receive a packet, its DSAP must be included in a 
list of active DSAPs for the data link. 



4.0 LOGICAL LINK CONTROL 

The lEEB 802.2 LLC function completes the Data 
Link Layer of the OSI model. The LLC module in this 
design example implements a class 1 level of service 
which provides a connectionless datagram interface. 
Several data link users or processes can run on top of 
the data Unk layer. Each user is identified by a link 
service access point (LSAP). Communication between 
data link users is via LSAPs. An LSAP is an address 
that identifies a specific user process or another layer 



Figure 14 illustrates the relationship between the Sta- 
tion Component and the SAP components. (The SAP 
components are user processes.) The Station Compo- 
nent receives all of the good frames from the Handler 
and checks the DSAP address. If the DSAP address is 
0, then the frame is addressed to the Station Compo- 
nent and a Station Component Response is generated. 
If the DSAP address is on the active DSAP Hst, then 
the Station Component passes the frame to the ad- 
dressed SAP. If the DSAP address is unknown, the 
frame is returned to the handler. 
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Figure 13. Data Link Interface 
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Figure 14. Station Component Relationship 



There are 3 commands and 2 responses which the class 
1 LLC layer must implement. Figure 15 shows IEEE 
802.2 Class 1 commands and responses and Figure 16 
shows the IEEE 802.2 Class 1 frame format. 
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Figure 15. IEEE 802.2 Ciass 1, Type 1 Commands 
and Responses 
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Figure 16. IEEE 802.2 Class 1 Frame Format 

From Figure 15 it can be seen that there are no LLC 
class 1 UI responses because information frames are not 
acknowledged at the data link level. The only com- 
mand frames that may require responses are XID and 
TEST. If a command frame is addressed to the Station 
Component, it checks the control field to see what type 
of frame it is. If it's an XID frame, the Station Compo- 
nent responds with a class 1 XID response frame. If it's 
a TEST frame, the Station Component responds with a 
TEST frame, echoing back the data it received. In both 
cases, the response frame is addressed to the source of 
the command frame. 



Any frames addressed to active SAPs are passed direct- 
ly to them. The Station Component will not respond to 
SAP addressed frames. Therefore it is the responsibility 
of the SAPs to recognize and respond to frames ad- 
dressed to them. When a SAP transmits a frame, it 
builds the IEEE 802.2 frame itself and calls the Han- 
dler's Send FrameO function directly. The LLC 

module is not used for SAP frame transmission. The 
only functions which the LLC module implement are 
the dynamic addition and deletion of DSAPs, multi- 
plexing the frames to user SAPs, and the Station Com- 
ponent command recognition and responses. This is 
one implementation of the IEEE 802.2 standard. Other 
implementations may have the LLC module do more 
functions, such as SAP command recognitions and re- 
sponses. A list of the functions included in the LLC 
module is as follows: 



LLC Functions 


Description 


lnit_Llc( ) 

Add_Dsap_ 
Address (dsap, pfunc) 

Delete — Dsap — 
Address (dsap) 
Recv — Frame (pfd) 

Station — Component—- 
Response (pfd) 


Initializes the DSAP 
address table and calls 
lnit_586( ) 

Add a DSAP address to 

the active list 

dsap - DSAP address 

pfunc - pointer to the 

SAP function 

Delete a DSAP address 

dsap - DSAP address 

Receives a frame from 

the 82586 Handler 

pfd - Frame Descriptor 

Pointer 

Generates a response to 
a frame addressed to the 
Station Component 
pfd - Frame Descriptor 
Pointer 
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4.1 Adding and Deleting LSAPs 

When a user process wants to add a LSAP to the active 

Hst, the process calls Add Dsap Address(dsap, 

pfunc). The dsap parameter is the actual DSAP ad- 
dress, and the pfunc parameter is the address of the 
function to be called when a frame with the associated 
DSAP address is received. 

The LLC module maintains a table of active dsaps 
which consists of an array of structures. Each structure 
contains two members: stat - indicates whether the ad- 
dress is free or inuse, and (*p sap func)( ) contains 

the address of the function to call. The index into the 
array of structures is the DSAP address. This speeds up 

processing by eliminating a linear search. Delete 

Dsap Address (dsap) simply uses the DSAP index to 

mark the stat field FREE. 

5.0 APPLICATION LAYER 

For most networks the application layer resides on top 
of several other layers referred to here as ULCS. These 
other layers in the OSI model run from the network 
layer through the presentation layer. The implementa- 
tion of the ULCS layers is beyond the scope of this 
application note, however Intel provides these layers as 
well as the data link layer with the OpenNET product 
line. For the purpose of this application note the appli- 
cation layer resides on top of the data link layer and its 
use is to demonstrate, exercise and test the data link 
layer design example. 

There can be several processes sitting on top of the data 
link layer. Each process appears as a SAP to the data 
link. The UAP module, which implements the applica- 
tion layer, is the only SAP residing on top of the data 
link layer in this application example. Other SAPs 
could certainly be added such as additional "connec- 
tionless" terminals, a networking gateway, or a trans- 
port layer, however in the interest of time this was not 
done. 



5.1 Application Layer Human Interface 

The UAP provides a menu driven human interface via 
an async terminal connected to port B on the iSBC 
186/51 board. The menu of the commands is listed in 
Figure 17 along with a description that follows: 

T - Terminal Made 

X - High Speed Transmit Mode 

P - Print All Counters 

A - Add a Multicast Address 

S - Change the SSAP Address 

N - Change Destination Node Address 

R - Re-Initialize the Data Link 



Terminal Mode - implements a virtual terminal with 
datagram capability (connectionless "class 1" service). 
This mode can also be thought of as an async to IEEE 
802.2/802.3 protocol converter. 

Monitor Mode - allows the station to repeatedly trans- 
mit any size frame to the cable. While in the Monitor 
Mode, the terminal provides a dynamic update of 6 
station related parameters. 

High Speed Transmit Mode - sends frames to the cable 
as fast as the software possibly can. This mode demon- 
strates the throughput performance of the Data Link 
Driver. 

Change Transmit Statistics - When Transmit Statistics 
is on several transmit statistics are gathered during 
transmission. If Transmit Statistics is off, statistics are 
not gathered and the program jumps over the section of 
code in the interrupt routine which gathers these statis- 
tics. The transmission rate is slightly increase when 
Transmit Statistics is off. 

Print All Counters - Provides current information on 
the following, counters. 

Good frames transmitted: 
Good frames received: 

CRC errors received: 
Alignment errors received: 

Out of Resource frames: 
Receiver overrun frames: 

Each time a frame has been successfully transmitted the 
Good frames transmitted count is incremented. The 
same holds true for reception. CRC, Alignment, Out of 
Resources, and Overrun Errors are all obtained from 
the SCB. Underrun, lost CRS, SQE error. Max retry, 
and Frames that deferred are all transmit statistics that 
are obtained from the Transmit command status word. 
82586 Reset is a count which is incremented each time 
the 82586 locks up. This count has never normally been 
incremented. 



M - Monitor Mode 

V - Change Transmit Statistics 

C - Clear A(l Counters 

Z - Delete a Multicast Address 

D - Change the DSAP Address 

L - Print All Addresses 

B - Change the Number Base 



Figure 17. Menu of Data Link Driver Commands 
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Clear All Counters - Resets all of the counters. 

Add/Delete Multicast Address - Adds and Deletes 
Multicast Addresses. 

Change SSAP Address - Deletes the previous SSAP 
and adds a new one to the active list. The SSAP in this 
case is this stations LSAP. When a frame is received, 
the DSAP address in the frame received is compared 
with any active LSAPs on the Ust. The SSAP is also 
used in the SSAP field of all transmitted frames. 

Change DSAP Address - Delete the old DSAP and add 
a new one. The DSAP is the address of the LSAP 
which all transmit frames are sent to. 

Change Destination Node Address - Address a new 
node. 

Print All Addresses - Display on the terminal the sta- 
tion address, destination address, SSAP, DSAP, and all 
multicast addresses. 

Re-initiaUze Data Link - This causes the Data Link to 
completely reinitiaUze itself. The 82586 is reset and 

iSDM 86 Monitor, VI. 0 



reinitialized, and the selftest diagnostic and loopback 
tests are executed. The results of the diagnostics are 
printed on the terminal. The possible output messages 
from the 825 86 selftest diagnostics are: 

Passed Diagnostic Self Tests 

Failed: Self Test Diagnose Command 

Failed: Internal Loopback Self Test 

Failed: External Loopback Self Test 

Failed: External Loopback Through Transceiver Self 
Test 

Change Base - Allows all numbers to be displayed in 
Hex or Decimal. 



5.2 A Sample Session 

The following text was taken directly from running the 
Data Link software on a 186/51 board. It begins with 
the iSDM monitor signing on and continues into exe- 
cuting the Data Link Driver software. 



Copyright 1983 Intel Corporation 
.G D000:6 

♦ * 

* 82586 IEEE 802.2/802.3 Compatible Data Link Driver * 
Passed Diagnostic Self Tests 

Enter the Address of the Destination Node in Hex -> 00AA0000179E 

Enter this Station's LSAP in Hex -> 20 

Enter the Destination Node's LSAP in Hex -> 20 

Do you want to Load any Multicast Addresses? (Y or N) -> Y 

Enter the Multicast Address in Hex -> OOAAOOllllll 

Would you like to add another Multicast Address? (Y or N) -> N 

This Station's Host Address is: 00AA00001868 

The Address of the Destination Node is: 00AA0000179E 

This Station's LSAP Address is: 20 

The Address of the Destination LSAP is: 20 

The following Multicast Addresses are enabled: OOAAOOllllll 
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Commands j&rei 

T - Terminal Mode 

X - High Speed Transmit Mode 

P - Print All Counters 

A - Add a Multicast Address 

S - Change the SSAP Address 

N - Change Destination Node Address 

R - Re-Initialize the Data Link 

Enter a command, type H for Help -> P 



M - Monitor Mode 

V - Change Transmit Statistics 

C - Clear All Counters 

Z - Delete a Multicast Address 

D - Change the DSAP Address 

L - Print All Addresses 

B - Change the number Base 



Good frames transmitted: 
CRC errors received; 
Out of Resource frames; 
82586 Reset; 
Lost CRS; 
Maximum retry; 



24 
0 
0 
0 
0 
0 



Good frames received; 
Alignment errors received: 
Receiver overrun frames; 
Transmit underrun frames; 
SQE errors; 
Frames that deferred; 
Enter a command, type H for Help — > T 
Would you like the local echo on? (Y or N) — > Y 
This program will now enter the terminal mode. 
Press ^C then CR to return back to the menu 
Hello this is a test. 
/*'C CR V 

Enter a command, type H for Help — > M 
Do you want this station to transmit? (Y or N) — > Y 
Enter the number of data bytes in the frame — > 1500 
Hit any key to exit Monitor Mode. 



# of Good 
Frames 
Transmitted 

32 



# of Good 
Frames 
Received 



CRC 

Errors 
00000 



Alignment 
Errors 

00000 



No Receive 
Resource Overrun 
Errors Errors 



00000 



00000 



/* CR */ 

Enter a command, type H for Help — > X 

Hit any key to exit High Speed Transmit Mode. 

/* CR V 

Enter a command, type H for Help — > R 
Passed Diagnostic Self Tests 
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5.3 Terminal Mode 

The Terminal mode buffers characters received from 
the terminal and sends them in a frame to the cable. 
When a frame is received from the cable, data is ex- 
tracted and sent to the terminal. One of three events 
initiate the UAP to send a frame providing there is data 
to send: buffering more than 1500 bytes, receiving a 
Carriage Return from the terminal, or receiving an in- 
terrupt from the virtual terminal timer. 

The virtual terminal timer employs timer 1 in the 80130 
to cause an interrupt every .125 seconds. Each time the 
interrupt occurs the software checks to see if it received 
one or more characters from the terminal. If it did, then 
it sends the characters in a frame. 



ceive FIFO has data in it. The receive FIFO is filled 
from frames being received from the cable. Each time a 
transmit interrupt occurs a byte is removed from the 
Receive FIFO and written to the 8274. When the Re- 
ceive FIFO empties, the 8274 transmit interrupt is dis- 
abled. 

The flow control implemented for the terminal inter- 
face is via RTS and CTS. When the Transmit FIFO is 
full, RTS goes inactive preventing further reception of 
characters (see Table 1). If the Receive FIFO is full, 
receive frames are lost because there is no way for the 
data link using class 1 service to communicate to the 
remote station that the buffers are full. Lost receive 
frames are accounted for by the Out of Resources 
Frame counter. 



The interface to the async terminal is a 256 byte soft- 
ware FIFO. Since the terminal communication is full 
duplex, there are two half duplex FIFOs: a Transmit 
FIFO and a Receive FIFO. Each FIFO uses two func- 
tions for I/O: Fifo__In( ) and Fifo__Out( ). A block 
diagram is displayed in Figure 18. 



The serial I/O for the async terminal interface is always 
polled except in the Terminal mode where it is inter- 
rupt driven. The Terminal mode begins by enabhng the 
8274 receive interrupt but leaves the 8274 transmit in- 
terrupt disabled. This way any characters received from 
the terminal will cause an interrupt. These characters 
are then placed in the Transmit FIFO. The only time 
the 8274 transmit interrupt is enabled is when the Re- 
Table 1. FIFO State Table 



The Async Terminal bit rate sets the throughput capa- 
bility of the station in the terminal mode because the 
bottle neck for this network is the RS232 interface. Us- 
ing this fact a simple test was conducted to verify the 
data Hnk driver's capability of switching between the 
receiver's No Resource state and the Ready State. For 
example if station B is sending frames in the High 
Speed Transmit mode to station A which is in the Ter- 
minal mode, frames will be lost in station A. Under 
these circumstances station A's receiver will be switch- 
ing from Ready state to Out of Resources state. The 
sum of Good frames received plus Out of Resource 
frames from station A should equal Good frames trans- 
mitted from station B; unless there were any underruns 
or overruns. 



Function 


Present State 


Next State 


Action 


FIFO-_T_IN() 


EMPTY 


IN USE 


Start Filling Transmit Buffer 


IN USE 


FULL 


Shut Off RTS 


FIFO--T— OUT() 


FULL 


IN USE 


Enable RTS 


IN USE 


EMPTY 


Stop Filling Transmit Buffer 


FIFO_R_^IN() 


EMPTY 


IN USE 


Turn on Txint 


IN USE 


FULL 


Stop Filling FIFO from Receive Buffer 


FIFO_R_OUT() 


FULL 


IN USE 


Start Filling FIFO from Receive Buffer 


IN USE 


EMPTY 


Turn OffTxlnt 




un 



► SEND FRAMES 



I I I II I I |— ^ RECEIVE FRAMES 



Figure 18 
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5.3.1 SENDING FRAMES 

The Terminal Mode is entered when the Terminal 

Mode() function is called from the Menu interface. 

The Terminal Mode( ) function is one big loop, where 

each pass sends a frame. Receiving frames in the Ter- 
minal Mode is handled on an interrupt driven basis 
which will be discussed next. 

The loop begins by getting a TBD from the 82586 han- 
dler. The first three bytes of the first buffer are loaded 
with the IEEE 802.2 header information. The loop then 
waits for the Transmit FIFO to become not EMPTY, 
at which point a byte is removed from the Transmit 
FIFO and placed in the TBD. After each byte is re- 
moved from the Transmit FIFO several conditions are 
tested to determine whether the frame needs to be 
transmitted, or whether a new buffer must be obtained. 
A frame needs to be transmitted if: a Carriage Return is 
received, the maximum frame length is reached, or the 

send frame flag is set by the virtual terminal timer. A 

new buffer must be obtained if none of the above is true 
and the max buffer size is reached. 

If a frame needs to be sent the last TBD's EOF bit is set 
and its buffer count is updated. The 82586 Handler's 

Send Frame() function is called to transmit the 

frame, and continues to be called until the function re- 
turns TRUE. 

The loop is repeated until a '^C followed by a Carriage 
Return is recieved. 



5.3.2 RECEIVING FRAMES 

Upon initialization the UAP module calls the Add 

Dsap Address(dsap, pfunc) function in the LLC mod- 
ule. This function adds the UAP's LSAP to the active 
list. The pfunc parameter is the address of the function 
to call when a frame has been received with the UAP*s 

LSAP address. This function is Recv Data 1(). 

Recv Data 1() looks at the control field of the 

frame received and determines the action required. 

The commands and responses handled by Recv 

Data 1() are the same as the Station Component's 

commands and responses given in Figure 15. One dif- 
ference is that Recv Data 1( ) will process a UI 

command while the Station Component will ignore a 
UI command addressed to it. 



Recv Data 1() will discard any UI frames received 

unless it is in the Terminal Mode. When in the Termi- 
nal Mode, Recv_Data_l( ) skips over the IEEE 802.2 
header information and uses the length field to deter- 
mine the number of bytes to place in the Receive FIFO. 
Before a byte is placed in the FIFO, the FIFO status is 

checked to make sure it is not full. Recv Data 1() 

will move all of the data from the frame into the Re- 
ceive FIFO before returning. 

When a frame is received by the 82586 handler an in- 
terrupt is generated. While in the 82586 interrupt rou- 
tine the receive frame is passed to the LLC layer and 
then to the UAP layer where the data is placed in the 

Receive FIFO by Recv__Octal Data_l(). Since 

Recv Data 1( ) will not return until all of the data 

from the frame has been moved into the Receive FIFO, 
the 8274 transmit interrupt must be nested at a higher 
priority than the 82586 interrupt to prevent a software 
lock. For example if a frame is received which has more 
than 256 bytes of data, the Receive FIFO will fill up. 
The only way it can empty is if the 8274 interrupt can 
nest the 82586 interrupt service routine. If the 8274 
could not interrupt the 82586 ISR then the software 

would be stuck in Recv Data 1() waiting for the 

FIFO to empty. 



5.4 Monitor Mode 

The Monitor Mode dynamically updates 6 station relat- 
ed parameters on the terminal as shown below. 

The Monitor Mode( ) function consists of one loop. 

During each pass through the loop the counters are 
updated, and a frame is sent. Any size frame can be 
transmitted up to a size of the maximum number of 
transmit buffers available. Frame sizes less than the 
minimum frame length are automatically padded by the 
82586 Handler. 

The data in the frames transmitted in the Monitor 
Mode are loaded with all the printable ASCII charac- 
ters. This way when one station is in the Monitor Mode 
transmitting to another station in the Terminal Mode, 
the Terminal Mode station will display a marching pat- 
tern of ASCII characters. 



# of Good 


# of Good 


CRC 


Alignment 


No 


Receive 


Frames 


Frames 


Errors 


Errors 


Resource 


Overrun 


Transmitted 


Received 






Errors 


Errors 


32 


0 


00000 


00000 


00000 


00000 
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5.5 High Speed Transmit lUode 

The High Speed Transmit Mode demonstrates the 
throughput performance of the 82586 Handler. The 

Hs Xmit Mode( ) function operates in a tight loop 

which gets a TBD, sets the EOF bit, and calls Send_ 
Frame( ). The flow chart for this loop is shown in Fig- 
ure 19. 

The loop is exited when a character is received from the 
terminal. Rather than polling the 8274 for a receive 




I GET, TBD 0 I 



SET EOF BIT 
IN TBD 



CALL SEND _ FRAME 0 I 



231421-16 



Figure 19. High Speed Transmit fAode 
Fiow Chart 



buffer full status, the 8274*s receive interrupt is used. 

When the Hs Xmit Mode( ) function is entered, the 

hs Stat flag is set true. If the 8274 receive interrupt 

occurs, the hs stat flag is set false. This way the loop 

only has to test the hs stat flag rather than calling 

inb( ) function each pass through the loop to determine 
whether a character has been received. 

The performance measured on an 8 MHz 186/51 board 
is 593 frames per second. The bottle neck in the 
throughput is the software and not the 82586. The size 
of the buffer is not relevant to the transmit frame rate. 
Whether the buffer size is 128 bytes or 1500 bytes, 
linked or not, the frame rate is still the same. Therefore 
assuming a 1500 byte buffer at 593 frames per second, 
the effective data rate is 889,500 bytes per second. 

This can easily be demonstrated by using two 186/51 
boards running the Data Link software. The receiving 
stations counters should be cleared then placed in the 
Monitor mode. When placing it in the monitor mode, 
transmission should not be enabled. When the other 
station is placed in the High Speed Transmit Mode a 
timer should be started. One can use a stop watch to 
determine the time interval for transmission. The frame 
rate is determined by dividing the number of frames 
received in the Monitor station by the time interval of 
transmission. 
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APPENDIX A 

COMPILING, LINKING, LOCATING, AND RUNNING THE 
SOFTWARE ON THE 186/51 BOARD 



HE******** 



)|ci|(>|i)|i!ie)|c)|t«« 



Instructions for using the 186/51 board 
Use 27 128 A for no wait state operation. 27128s can be used but wait states will have to be added. 
Copy HI.BYT and LO.BYT files into EPROMs 

PROMs go into U34 - HI.BYT and U39 - LO.BYT on the 186/51 board 



JUMPERS REQUIRED 

Jumper the 186/51 board for 16K byte PROMs in U34 
and U39 Table 2-5 in 186/51 HARDWARE REFER- 
ENCE MANUAL (Rev-001) 



186/51(ES) 

E151-E152 OUT 

E152-E150IN 

E94-E95 IN 

E100-E106IN 

E107-E113IN 

E133-E134IN 



186/51 (S)/186/61 

E199-E203 OUT 
E203-E191 IN 
E120-E119IN 
E116-E112IN 
E111-E107IN 
E94-E93 IN 



also change interrupt priority jumpers 
and 82586 interrupt priorities 



switch 8274 



E36-E44 OUT 
E39-E47 OUT 
E37-E45 OUT 



E43-E47 OUT 
E46-ES0 OUT 
E44-E48 OUT 



WIRE WRAP 

E36-E47 IN E43-E50 IN 

E39-E44 IN E46-E47 IN 

E79-E45 IN E90-E48 IN 

USE SDM MONITOR 

The SDM Monitor should have the 82586*s SCP 
burned into ROM. The ISCP is located at OFFFOH. 
Therefore for the SCP the value in the SDM ROM 
should be: 



ADDRESS 

FFFF6H 

FFFF8H 

FFFFAH 

FFFFCH 

FFFFEH 



DATA 
XXOOH 
XXXXH 
XXXXH 
FFFOH 
XXOOH 



To run the program begin execution at 0D0(X):6H 
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I.E. G D000:6 
GOOD LUCK! 

♦♦♦•♦*♦**♦ submit file for compiling one module: ***** 
run 

CC86.86 :F6:%0 LARGE ROM DEBUG DEFINE(DEBUG) include(:F6:) 
exit 

*♦♦* ♦ submit file for linking and locating: ♦♦♦♦♦♦♦♦♦♦ 
run 

link86 :F6 :assy.obJ , :F6:dld.obj, :F6:llc.obj, & 

:F6:uap.obj, Iclib.lib to :F6:dld.lnk segsize (stack (4000h) ) notype 

loc86 :F6:dld,lnk to :F6:dld.loc& 

initcode (ODOOOOH) start (begin) order (classes (data, stack, code)) k 
addresses (classes (data(3000H) , stack (OCBOOH) , code (0D0020H) ) ) 

oh86 :F6:dld,loc to :F6:dld.rom 

exit 

********** submit file for burning EPROMs using IPPS: ********** 

ipps 

i 86 

f :F6:dld.rom (OdOOOOh) 

3 

2 

1 

0 to :F6:lo.byt 

y 

1 to :F6:hi.byt 

y 

t 27128 
9 

c :F6:lo.byt t p 
n 

C :F6:hi.byt t p 
n 

exit 
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/PCO/USR/CHUCK/CSRC/DLD. H 




/*»*»*«««««•*«««««««»««»«***«*«•»«««««*»*««**««**««««**««**«*««*«**«*«»*« 




* 82986 Structure* and Constants * 




«*»**«»««»«««**•**»»**««»*«»•**«*««««**««««*»*«***«»«***««*««««*«*««*««««/ 




/* gtneral purpose constants «/ 




•define INUSE 0 
•define EMPTY 1 
ttderine pUul. 2 
•define FREE 1 
ffOerine inufc i 
•define FALSE 0 
wderine null Otrrrr 




/* Define Data Structures */ 




•define RBUF^SIZE 128 /* receiv* buffer size «/ 
•define TBUF_8I2E 188 /♦ transmit buffer size ♦/ 
•define ADD_LEN 6 
•define MULTI_ADDR_CNT 16 




typedef unsigned short int u_shorti 




/« results from Test_Link ( ) : loaded into 8elf_Test char «/ 




•define PASSED 0 
•define FAILEDJ>IAGN08E 1 
•define FAILED_LPBK_INTERNAL 2 
•define FAILED.LPBK^XTERNAL 3 
•define FAILED_LPBK_TRANSCEIVER 4 




fTmiBW ^<DiiNnanos ^/ 
•define UI 0x03 /« Unnumbered Information Frame */ 
•define XID OxAF /* Exchange Identification */ 
•define TEST OxE3 /» Remote Loopbatk Test «/ 
•define P_F_BIT 0x10 /♦ Poll/Final Bit Position »/ 
•define C_R_BIT 0x01 /« Command/Response bit in 8SAP «/ 




of 2*«N> and D8AP addresses assigned must be 

divisible by 2**(8-N). 

<i.e. the N LSBs must be 0) */ 




•define DSAP_SHIFT 9 /* DSAPJSHIFTS must equal 8~N «/ 




•define XID_LEN0TH 6 /♦ Number of Info bytes for XID Response frame ♦/ 




/♦ System Configuration Pointer SCP ♦/ 




struct SCP -C 

u short sysbusi /* 82986 bus widthi 0-16 bits 
1 - 8 bits ♦/ 


231421-17 
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/PC0/U8R/CHUCK/C8RC/DLD. H 



u_short junkC23i 

u_short iscpli /• loMvr 16 bit* of i«cp fddrvtt */ 
u_«hort iscph) /« uppar 8 bit* of itcp addrott */ 

>i 

/* Intormodioto Systom Configuration Pointtr I8CP */ 
struct I8CP < 

u_»hort bu«u ) /*oot to 1 by cpu boforo its first CA. 

cloorod by 82986 of tor roading •/ 
u_short offoot i /* offoot of oyotoM control block •/ 
u_thort baotl i /• b«»o of oyotooi control block «/ 
u short baso2 ) 
> I 



/« Systoffl Control Block 8CB */ 



struct 8CB 



u_short stoti 
u_short cuidi 
u_short cbl._offsot) 
u_short rfo_offs»tj 
u^short crc_»rrsj 
u_short •ln_orrsi 
u_short rsc_orrsj 
u__short ovr_orrsi 



/• Status Mord •/ 
/* Command word «/ 

/• Off sot of first coAmand block in CBL */ 
/* Offsot of first frama doscriptor in RFA »/ 
/» CRC orrors accumulated •/ 
/♦ Alignmont orrors ♦/ 

/• Framos lost btcauso of no Rosourcos */ 
/♦ Ovorrun orrors •/ 



/« Command Block •/ 



struct CB < 



u_short stati 
u.short cmdi 
u_short linki 
u_short parmlJ' 
u_short parm2i 
u.short parmSi 
u_short parm4i 
u_short parmSi 
u^short parm6i 



/* Status of Command */ 
/* Command */ 
/* link fiold */ 
/» Paramotors ♦/ 



/• Multicast Addross Command Block nA_CB */ 
struct MA_CB-C 

u_shert statt /* Status of Command */ 
u short cmd> /* Command •/ 
u_short link! /* Link fiold */ 
u_short mc_cnti /• Numbor of MC addrossos */ 
char me.addrCAOD LEN«ha;LTX_A0DR_CNT3i /• MC addross aroa */ 
>i 



/• Transmit Buffor Doscriptor TBD •/ 
struct TBD -C 
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/PCO/USR/CHUCK/CSRC/DLD. H 






u__»hort act_cntJ /♦ Numb«r of byt*« in buffer */ 
u_»hort linki /•- of f set to next TBD ♦/ 
u_»hort buff_li /» lower 16 bits of buffer address «/ 
u_short buff_hi f* upper 8 bits of buffer address */ 
struct TB •buff_ptri /* not used by the 586' used by the 

software to save address translation 

routine. «/ 

>i 




/♦ Transmit Buffers ♦/ 
struct TB < 

char data CTBUF.SZZEli 
>i 






/* Frame Descriptor FD •/ 






struct FD < 

u_short statj /• Status Word of FD ♦/ 
u_short el_si /♦ EL and 8 bits «/ 
u_short linki /♦ link to next FD •/ 
o_short rbd^offseti /» Receive buffer descriptor offset ♦/ 
char dest_addrCADD_LEN]) /«Destination address «/ 
char src_addrCADD.LEN3; /* Source address «/ 
u short length) /« Length field */ 
>, . 




/♦ Receive Buffer Descriptor RBD »/ 






struct RBD < 

u_short act_cnti 
u^short linki 
u__short buff_l; 
u_short buff__hi 
u^short sizei 
struct RB *buff__ptr# 

>j 


/« Actual number of bytes received «/ 

/« Offset to next RBD */ 

/* Lower 16 bits bf buffer address */ 

/« upper 8 bits of buffer address */ 

/♦ size of buffer ♦/ 

/* not used by the 986. used by the 
software to save address translation 
routine ♦/ 




/« Receive Buffers ♦/ 






struct RB < 

char dataCRBUF^SIZEli 

>i 






struct FRAME.STRUCT 






-C 

unsigned char dsapj /« 
unsigned char ssap> /« 
unsigned char cmd) /* 

>) 


Destination Service Access Point */ 
Sourca Service Access Point «/ 
ISO Data Link Command */ 




/# L8AP Address Table ♦/ 
struct LAT < 

char stati 


/* INU8E or FREE */ 
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<-N'p_s«p.f unc > ( )) /« Pointer to L8AP functioni asseciatcd 
with dsap addrvss «/ 



struct nAT -C 
char 
char 



•tatt 

addrCAD0_^EN3i 



/* Hulticatt AddraiB Tabl* «/ 

/« ZNU8E or FREE */ 

/« actual mc addrott */ 



/• gtnaral purpota flags •/ 

struct FLAGS { 

unsignad diag.dona : 1 i 
unsignad stat_on : 1 i 
unsignad raset_saina: 1 i 
unsignad rasatj>and: i > 
unsignad Ipbk^tast: i i 
unsignad lpbk_Aoda: 1 i 
> i 



/• diagnosa command complata */ 

/« natwork diagnostic statistics on/off «/ 

/• don't rasat whan this bit is sat «/ 

/• rasat whan this bit is sat */ 

/* loopback tast flag •/ 

/* loopback ffloda on/off */ 



/• Oanaral purposa bits */ 

•dafina ELBIT 0x8000 

#dafina EOFBIT 0x8000 

•dafina 8BIT 0x4000 

ttdafina IBIT 0x2000 

•dafina CBIT 0x8000 

•dafina BBIT 0x4000 

•dafina OKBIT 0x2000 



/* 8CB pattarns */ 

•dafina CX 0x8000 

•dafina FR 0x4000 

•dafina CNA 0x2000 

•dafina RNR 0x1000 

•dafina RESET 0x0080 

•dafina CU.START 0x0100 

•dafina RU START 0x0010 

•dtfina RU_ABORT 0x0040 

•dafina CU^MASK 0x0700 

•dafina RU_MA8K 0x0070 

•dafina RU.READY 0x0040 



/* 82986 Commands */ 



•dafina NOP 
•dafina lA 
•dafina CONFIGURE 
•dafina MC^SETUP 
•dafina TRANSMIT 
•dafina TOR 
•dafina DUMP 
•dafina DIAGNOSE 



0x0000 
0x0001 
0x0002 
0x0003 
0x0004 
0x0009 
0x0006 
0x0007 
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/« 8258 


6 Conmand and Status Mask* «/ 




ttd«fint 


CMD_MASK 


0x0007 








•d«fin« 


NOERRBIT 


0x2000 








•(t«#in« 


COLLMASK 


OxOOOF 








•dafint 


OEFERHASK 


0x0080 








•d«fint 


NOCRSHASK 


0x0400 










UNOERRUNMASK OaOlOO 








•d«fin« 


SQEMA8K 


0x0040 








•dcfin* 


MAXCOLMASK 


0x0020 








•dsfin* 


0UT_0F_RE80URCE8 0x0200 








/« Configur* Param«t«ri «/ 








•d«l>in« 


FIFO LIM 


0x0800 


/ ♦ 


u** FIFO liM of 8 */ 




•d«f in* 


BYTE_CNT 


OxOOOB 








•dtf in* 


SRDY 


0x0040 








•dtf int 


SAV_eF 


0x0080 








•define 


ADDR LEN 


0x0600 


/ ♦ 


addras* langth of 6 byt** •/ 




•dtf in* 


AC LOC 


0x0800 








•d«f in* 


PREAMJ-EN 


0x2000 




(iroaiiiDl* length of 8 byt** 




•d*f in* 


INT LPBCK 


0x4000 








•d*f in* 


EXT LPBCK 


0x8000 








•d*f in* 


LIN PRIO 


0x0000 




no pfiority •/ 




•d*f in* 


ACR 


0x0000 








•d*f in* 


BOF_MET 


0x0080 








•d*f in* 


IFS 


0x6000 


/♦ 


IFS tim* 9 6 us*c •/ 




•d*fin* 


SLOT_TIME 


0x0200 


/♦ 


slot ti«* 51. 2 us*c */ 




•d*fin* 


RETRY^NUH 


OxFOOO 


/» 


r*try numb*r 15 •/ 




•d*f in* 


PRM 


0x0001 








•d*f in* 


BC.OIS 


0x0002 








•d*fin* 


MANCHESTER 


0x0004 








•d*fin* 


TONO_CRS 


0x0008 








•d*fin* 


NCRC_IN8 


0x0010 








•d*fin* 


CRC 16 


0x0020 








•dfffin* 


BT_STUFF 


0x0040 








•d*fin* 


PAD 


0x0080 








•d*f in* 


CRSF 


0x0000 


/• 


no carrior s*n** filt*r */ 




•d*fin* 


CRS SRC 


0x0800 








•d*f in* 


CDTF 


0x0000 


/♦ 


no collision d*t*ct filt*r «/ 




•d*fin* 


CDT_SRC 


0x8000 








•d*f in* 


MIN FRM LEN 


0x0040 


/♦ 


64 byt*f •/ 




•d*fin* 


MIN_DATAJLEN MIN_FRM_LEN - 


18 /* atftumes Etl)*rn*t/IEEE 802. 3 












fra«*t with 6 byt*t of address «/ 




•d*f in* 


MAX_FRAME_SI2E 1500 - 3 
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/* D»fin« constants for storag* mrmm *f 



«d«fint CB CNT 
#d«fint FD CNT 
#d«fin* RBD CNT 
«d«fin« TBD CNT 



8 /« Numbtr of aval labia Command Blocks */ 

16 /• Numbvr of availablo Frams Dascriptors */ 

64 /• Numbar of availablo Racaiva Buffar dascriptors «/ 

16 /« Numbar of aval lab la Transmit Buffar dascriptors */ 



/* loopback paramatars passad to Configura(> */ 



#dafina INTERNALJ.OOPBACK 
«dafina EXTERNAL.LOOPBACK 
•dafina NO^LOOPBACK 



0x4000 
0x8000 
0x0000 



#includa "did. h" 



/* 986 Data Structuras «/ 



/* 186 Timar Addrassas •/ 

«dafina TIMER1_CTL OxFFSE 

«dafina TIMER 1_CNT 0xFF98 

«dafina TIMER2_CTL 0xFF66 

Mdafina TIMER2_CNT 0xFF60 



/« axtarnal functions «/ 
/♦ I/O »/ 

int inwOi /« input word : inw<addrass) «/ 

void outuOi /* output word: outw(addrass> valua) */ 

void init_intv( )i /• initializa tha intarrupt vactor tabla «/ 

void anablaO) /« anabla 80186 intarrupts «/ 

void disablaOi /* disabla 80186 intarrupts */ 

axtarn char •BuildJ»tr( )j 

u_short SECMTi /« Data sagmant valua */ 

char *pNULLi /» NULL pointar */ 

/« Macro ^typa' of dafinitions */ 

#dafina CA outw(OxC8. 0) /* the command to issua a Channel Attention »/ 

•define ESI_LOaPBACK outw(OxCB.O) /* put the ESI in Loopback */ 
#defina N0_E8 I .LOOPBACK outw(0xCB.8) /* take the ESI out of Loopback */ 

#define E0I_80130 outb (OxEO. 0x63) /« End Of Interrupt «/ 

♦define TIMER1_E0I_80186 outw(OxFF22, 0x04) /* EOI for Timer 1 on the 186 */ 

#defina TIMER1_EGI_80130 outb (OxEO. 0x64) /♦EOI for lB6's Timerl on the 130 ♦/ 
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/*»»»*»*♦ m«morv allocation ♦♦♦»♦*♦»♦♦#♦♦*«»/ 




int Stlf.Ttsti /* usad for diagnostic purpota* «/ 
u ahoi't tainpi taniporary atoraga a/ 




«dafina LPBK_fRAI1E_8IZE 4 /* loopback frama ttoraga */ 
char Ipbk frama i:LPBK_fRAME.SIZE3 - < 
0x99. OxAA. 0x99. OxAA>> 




ttdafina uihoaini.io_add OxOOFO /* I/O addraas of Host Addrass Prom «/ 

char uihoaffliCADO_LEN]» /* Ram array whara host addrass is stored */ 




/« transmission statistic variablas »/ 




unsigned long good^xmit^cnt; 
u^short undarrun_cntj 
o~short no_crs_cntj 
unsigned long defer_cnt} 
u_short •<ia_arr_cnti 

U ^» n O F * in* X w A 11 w 1 

unsigned long recv_frama_cnti 
u_short reset_cnt» 




/« Allocate storage for structures and buffers */ 




struct FLAGS flags; 




/♦ 986 structures ♦/ 




/« System Configuration Pointer: Rom Initialization «/ 

/* struct SCP scp " -COxOOOO. 0x0000* 0x0000. Ox lFF6i OxOOOO>i «/ 




/* struct I8CP iscp; Intermediate System Configuration Pointer */ 




s^puct SCB scbi SyftitttiR Con^'pol Block ^/ 




struct CB cbCCB_CNT3. /« Command Blocks */ 

♦cb_tos. *begin_cbl. ♦end^cbl; 

/♦ pointer to the beginning of the free 
command block list <cb_tos) and the 
beginning and and of the 62986 cbl */ 




struct TBD tbdCTBD_CNT3, /» Transmit Buffer Descriptor ♦/ 
♦tbd_tosi /* pointer to the free Transmit buffer 

descriptors ♦/ 




struct TB tbufCTBD_CNT3j /« Transmit Buffers »/ 




struct FD fdCFD^CNTJ, /» Frame Descriptors ♦/ 
abegin fd. *end fdi /« pointers to the beginning and end of 

the free FD list */ 




struct RBO rbdCRBD^CNT}. /« Receive Buffer Descriptors */ 
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*bB9in_rbd« *tnd_jrbdi /• pointsrt to th« beginning and th« 

•nd of tho rbd list */ 

struct RB rbufCRBD.CNT]) /« Rocsivs Buffsrs */ 

struct MAT ««tCI1ULTI_ADDR_CNT3j /♦ Multicast Addross Tablo ♦/ 

struct MA_CB ma_cbi /* Multicast Addrsss Command Bloch */ 



/• Ths following structures arO usad only in Rosat_986() function */ 

struct CB ras.cbi /« Tamporary CB for rainitialising tha 986 */ 

struct MA_CB ras_/»a_cbi /♦ Tamporary MA_CB for reloading Multicast «/ 

/• Harduiara 8upport Functions •/ 

Enabla_986_Int<) 

int c> 

c - inb<0xE2)i /« read the 80130 interrupt mask register «/ 

outb(OxE2. 0x00F7 <c c)t /* write to the 80130 interrupt mask register «/ 

> 

Disable_986_Int<} 

< 

int ci 



c « inb(0xE2)i 
outb(OxE2» 0x0008 I c); 



8et TimeoutO 
< 

outw(TIMERl 
outw(OxFF9E# 

> 



CNT. 0)i 
0xE009)) 



/* Write a 0 to Timerl count register «/ 

/* Set ENable bit in Timerl Mode/Control register «/ 



Reset_Timeout( ) 

outw(OxFF9E. 0x6009)> /« Reset ENable bit in Timer! Mode/Control register «/ 

> 

Init_Timer() /« 186's Timer 2 is a prescaler for Timer 1. It clocks Timer 1 
every 32. 7 msec. The deadman timeout is set for 1. 29 sec »/ 



outw(OxFF38» OxOOOOi 

outw(OxFF62« OxFFFF)j 
outw<0xFF9Ai 38); 

outw(OxFF66. OxCOODi 

outw(OxFF9E. 0x6009) i 
outw(OxFF28i 

outb(OxE2. (inb(0xE2) tt OxOOEF)); /* enable 80130 interrupt from 80186 */ 



/• Set Timerl Interrupt Control register */ 
/• set max count register for timer2 to OFFFFH */ 
/* set max count register A for timer 1 */ 
/* Set Timer2 Mode/Control register */ 
/* Set Timerl Mode/Control register */ 



(inw<0xFF28) l( OxFFEF)); /* Enable 186 Timer! interrupt */ 



/* end hardware support functions */ 
Clear.Cnt( ) 
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< 

tcb. crc_«rrft ■ 0) /* clear 586 ffrror statistic countvrs */ 
tcb. aln^arrs « 0; 
tcb. rsc_«rr» « Oi 
icb. ovr_«rr» ■ Oi 




Bood_xiiii t^cnx ■ oi /• xnit aa«« unit svatistiics •/ 

und«rrun_cnt ■ 0» 

no^cr«_CTit «■ Oj 

d»f«r_cnt ■ Oi 

H#_#T*T^ciit • Oj 

m«K_col_cnt ■ Oj 

r»cv_fr«««_cnt " Oj 

rtttt^cnt ■ Oi 

y 




Iff X w goo % / 




< 

o_»hort ij 

struct MAT •pmatj 




in loopback •/ 

ESI^LOOPBACKj 




init_intv()j /♦ Initialiiation DLDs interrupt vectors «/ 




Init.TimerOj 




flags, rsset^ssna - Oj /• Initialize Reset Flags */ 
flags, reset j»end ■> Oj 
flags. stat_on * ij 




Disable.9B6_Xnt( )j 




piscp » OxOOOOFFFO j /« Initialize the I8CP pointer*/ 
p i sc p**I^b usy * Ij 
piscp->offset - Offset(Scscb)j 
p I sc p*~./oaseji ■ scwni m 
piscp->base2 « (SEOMT » 12) <i OxOOOF J 




pNULL " BuildJ>tr(NULL)j /« build a NULL pointer - 8086 type: 32 bits */ 

Build^RfaOj /» init Receive Frame Area */ 

Build.CbOj /* init Command Block list */ 

ma_cb. cmd ■ Oj /« multicast address semaphov^e init •/ 




Clear_Cnt()j 




tcb. Stat ■ Oj 




CAj /* wait for the 986 to complete initialization «/ 




for ( i • Oj i <- OxFFOOi i**) 
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if (BCb. ttat — (CX i CNA)} 
brvaki 




if (i >OxFFOO) 

Fatal ( "DLO: init - Did not gat an intarrupt aftar Rasat/CA\n" > t 




/* Ack tha rasat Xntarrupt */ 

scb. cffld - (CX t CNA)i 

CAt 

UaitjBcbOi 
Enabla_5e6_Int(>i 




•cb.cbl offsat » Of f aat (licbCOJ ) < /« link scb to cb and fd lists «/ 
scb. rfalof f sat - Of fsat(tifdC03)i 




/* mova tha prom bytas into whoami array */ 




for (i - Oi i < AODJLENi 

whoamiC(ADD_LEN > i> - 13 - inb (uihoami.io.add * i«2}i 




/* Initialization tha Multicast Addrass Tabla «/ 




for (pmat - tcmatCOD) pmat <- «imatCMULTI_ADDR_CNT - 13; pmat++) 
pmat->stat - FREE; 




Configura (INTERNAL J.OOPBACK>> /« Put 586 in intarnal loopback */ 




8atAddrass( )i /« Sat up tha station addrass «/ 




/* run diagnostics •/ 




Tast_Link()» 




if (8alf_Tast !- PASSED) 
raturn(8alf.Tast>i 




Conf igura(NO_LOOPBACK)i /* Configura tha 82986 */ 




rat urn ( Salf _Tast > i 

y 




Build_Rfa() 
< 




struct FD »pfd} 
struct RBD aprbdi 
struct RB apbuf) 




/# Build a linaar linkad frama dascriptor list */ 




for (pfd - fcfdC03j pfd <- «tfdCFD_CNT - 13} pfd++) < 




pfd->st«t « pfd->al_s « Oi 
pfd->link - Offsat(pfdi-l)i 
pfd->rbd_offsat « NULLj 




> 
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•nd_fd « — -pfdJ /» point to tcfdCFD CNT - IJ »/ 

pfd->link - NULU /* last fd link is NULL ♦/ 

pfd->«l_s - ELBITj /* last fd has EL bit sat »/ 

bagin.fd - pfd « SifdCOl; /* point to first fd «/ 

pfd->rbd_offsat - Of f sat (8trbdC03 )i /* link first fd to first rbd »/ 




/* Build a linaar linkad racaiva buffar dascriptor list */ 




for (prbd «> tcrbdEOS. pbuf <- StrbufCOS; prbd <" «(rbdCRBD_CNT -11, 

prbd++, pbuf4"«-) -c 

badd « SEOMT « 4i 
badd Offsat<pbuf )i 
prbd->buff_l - baddi 
prbd->boff_h ■ badd » I6i 
prbd->bof f jitr ■ pbufi 




prbd-'>act cnt » Oi 
prbd->link «■ Offsat(prbd * iU 
prbd->siia ■ RBUF_8IZEi 

> 




and rbd ■ — prbdi 

prbd->link - NULLi /» last rbd points to NULL ♦/ 
prbd-'>siza i- ELBITi /« last rbd has al bit sat */ 




bagin_rbd ■> (krbdC03i 

> 




Build_Cb() /* Build a stack of fraa command blocks «/ 
< 




struct CB «-pcbi 
struct TBD *ptbdi 
struct TB V'pbufi 
unsignad long badd; 




for (pcb ■ S(CbC03i pcb <« &cbCCB_CNT - 13; pcb++) < 
pcb->stat « Oi 
pcb~>cmd » ELBIT* 
pcb~>link ■ Offsat(pcb + l)j 

> 




--pcbi 

bagin_cbl - end cbl » pNULL; 
pcb->link « NULL; 
cb_tos » 8ccbC03i 




/* Build a stack of transmit buffer descriptors */ 




for (ptbd « tctbdC03, pbuf > l(tbufC03. ptbd <« SctbdCTBD.CNT - 13; 

ptbd++. pbuf++) < 




ptbd->act_cnt » TBUF_SIZEi 
ptbd->link « Offsat(ptbd * 1). 




badd « SEOMT C< 4i 
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badd Offt«t(pbuf )J 
ptbd~>buff^l " b«ddi 
ptbd->buff_h - badd » 16; 

> 




— ptbdj 

ptbd->link - NULLi /• last tbd link is NULL «/ 
tbd.tos - lctbdC03) /* 8»t ths Top Of ths Stack */ 




> 

/« Oat a CoNNsand Block from tha fraa list */ 




struct CB aOat CbC) raturn a pointar to a fraa coflnnand block 




< 

ft^T^UCl# CB c b i 




if (Offsat(pcb - cb_tos) NULL) 

raturn(pNULL)i 
cb tos - (struct CB ♦) Build_Ptr<pcb->link)» 
pcb->link « NULLi 
raturn(pcb)i 

> 




/« Put a Cofflffland Block back onto tha fraa list »/ 




rut^co ipco J 




struct CB apcbi 




•c 

pcb->stat « Oi 

pcb->link - Offsat(cb_toB)i 

cb__tos " pcbi 

} 




struct TBD *Oat_Tbd() /• raturn a pointer to a free transmit buffer 
descriptor */ 




< 

struct TBD aptbdi 




f la^s. reset seina " 1* 

Disable_986llnt< }i 

if <(ptbd « tbd^tos) !" pNULL) < 

tbd_tos « (struct TBD ♦) Build_Ptr (ptbd->link ) ; 

ptbd->link » NULLj 




> 

Enable_586_Int( )i 

flags, reset.sema " Oi 

if (flags. reset_j>end 1) 

Reset.586()i 
return(ptbd >i 

> 




Pot_Tbd(ptbd> 
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struct TBI) »ptl>d{ 
< 

struct TBD «p ; 




/ find thff end of thv tbd list rvturnsd< ptbd is the bc^inninQ ^/ 




for (p * ptbdj p'^link i" NULL* p ' (struct TBD *) Build Ptr(p'->link) > > 




p— >act cnt * TBUF SIZEi /* clear EOFBIT and update sise en last tbd */ 
p->linir - Offset<tbd_tos)» 
tbd_tos « ptbdi 

> 




SetAddress< ) 




•C 

struct CB e'pcbi 




«ifdef DEBUe 




:f ((pcb « Oet.CbO) pNULL) 

FatalC'dld.c - SetAddress - couldn't get a CB\n")j 




«else 




pcb > Get.CbOi 




«endif /« DEBUG */ 




bcopy((char «)t(pcb->parml. t(ti»hoami[03« ADDJLEN); /« move the prom 

address to lA cmd e/ 

pcb->cmd > I A i ELBIT; 




Issue_CU_i,md (pcb )j 

> 




Wait_Scb<) /« wait for the scb command word to be clear »/ 




u_short i» Stat; 




for <stat « FALSEi stat FALSE) > < 




for (i=0. i<»OxFFOO, i++) 
if <scb. cmd 0> 
break; 




if (i > OxFFOO) < 

BugC'DLD: Scb command not clear\n")> 
CAi 

> 

else 

Stat « TRUE* 

> 
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> 



Ift«u«_CU_Cin(i (pcb > /* Quvut up • command and ivsu* a start CV command if no 
othar command! ara quautd */ 

struct CB *pcb) 

< 

Di»abla_586_Xnt<)i 

if (bagin.cbl « pNULL) < /« if tha list it inactiva start CU «/ 
bagin_cbl « and.cbl <■ pcbi 
scb. cbl_of f sat >■ Offsat<pcb)^ 
Uait_Scb( )} 
scb. cmd ■ CU_STARTj 

Sat TimaoutOi /* sat daadman timar for CU «/ 

CAj 

> 

tlsa < 

and_cbl->link - Offsat(pcb)) 
and_cbl » pcbi 

> 

Enabla_586_Int< )i 

> 

Isr7() 
< 

outb(OxEO. 0x67) i /• EOI 80130 */ 

> 

Isr6( ) 

< 

Writa<"\nlntarrupt 6\n")i 
outb<OxEO. 0x66); /• EOI 80130 */ 

> 

IsrSO 
< 

Writa<"\nlntarrupt 5\n")i 
outb<OxEO. 0x65); /* EOI 80130 */ 

> 

/* Daadman Timar Intarrupt Sarvica Routina */ 

Xsr_Timaout ( ) /♦ Intarrupt 4 ♦/ 

< 

Rasat_Timeout( ); 
if (flags, rasat.sama «« l > 
flags, rasat _j>and ■ 1; 

alsa 

Rasat_586( ); 

TIMER1_E0I_801B6} 
T I MERITED 1^80130; 

> 

/« Intarrupt 0 is Uart in UAP Modulo «/ 
/* Intarrupt 2 is Timar in UAP Modulo •/ 
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I«rl() 
< 

WritB("\nInttrropt l\r»")i 

outb(0xEO» 0x61)) /« EOI 80130 «/ 

/« 986 Int«rrupt sarvica routina: Inttrrupt 3 */ 
Itr_S86<) 

u_»hort stat.tcbi 
struct CB *pcb; 

tn«bl«<)j /* natting only tha uart intarrupt */ 

Wait_8cb<)» . . 

«cb. cffld » (ttat acb - scb. stat) «< (CX i CNA ! FR ! RNR)i 

CAi 

if <«tat_ftcb «i (FR I RNR)) 
Racv_Int_Proca«»in9 ( )j 

if (stat_tcb ti CNA) { /« and of cb procaaaing */ 

Rasat_Tifliaout< ){ /* claar daadman timar */ 

pcb « Build_Ptr<aeb cbl.offaat)} 

»ifdaf DEBUG 

if (bagin.cbl pNULLX 

BugC'DLD: bagin.cbl NULL in intarrupt rootinaNn" ) i 
raturni 

> 

if (<pcb->»tat & OxCOOO) !- 0x8000) 

Fatal ("OLD: C bit not sat or B bit sat in intarrupt routina\n")i 

«andif /« DEBUG «/ 

switch Cpcb->cmd it CMD^MASK) < 

casa TRANSMIT: 

if (flags, stat.on «*■ 1) </• if Transmit Statistics ara collactad do */ 

/* if sq^a bit *■ 0 and thara wara no collisions -> sqta arror 
this condition will occur on tha first transmission if 
thara wara no collisions* or if tha pravious transmit 
command raachad tha max collision count, and tha currant 
transmission had no collisions */ 

if <(pcb->stat & (SQEMASK ! MAXC0LMA8K ! C0LLMA8K)) 0) 
♦•♦•sqa_arr_cntj 

if (pcb->stat tc 0EFERMA8K) 
♦♦daf ardent J 
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if <pcb->stat it NOERRBXT) 

•«-*>good xmit_cnti 
else < 






if (pcb->ttat It N0CR8MA8K) 

•♦••♦•no^crs„cnti 
if (pcb->stat l( UNI>ERRUNnA8K) 

♦♦underr undent* 
if (pcb->stat ti nAXC0LnA8K} 

♦♦siaK.col^cnti 

> 






> 

if (pcb~>parml !• NULL) 

Pot^Tbd (Bui ld_ptr <pcb->parnil ) ) » 
breaki 




cast DIA0NO8E: 






flags, diag.done li 
if ((pcb->stat Sc NOERRBXT) — 0) 
8e If. Test - FAILEDJDIAONOSEi 
breaki 




dtfault: 

> 




/* 


check to see if another command is queued */ 




if 


(pcb->llnk " NULL) 
begin.cbl - pNULLi 




0li 


19 < /* restart the CU and execute the next command on the cbl «/ 






begin.cbl » BuildJ>tr(pcb>>link)> 

scb. cbl offset ■ pcb->linki 

Wait 8cb(); 

scb. cmd « CU_8TARTi 

CA) 

Wait_8cb( )) 

Set_Timeout( )) /* 8TART deadman timer */ 




if <<pcl>->cmil <( CMDJ1A8K) — MC_SETUP) 

pcb->cmd ■ 0) /• clear HC_8ETUP cmd wordi this will impltment m 
lock tamaphor* to that it won't be reused until 
it is completed */ 

else 

Putsch (pcb)i /* Don't return MC.SETUP cmd block. It's not a 

general purpose command block from free CB list */ 

> 




disableOi /* disable cpu int so that the 586 isr will not nest »/ 
E0I_80130i 








231421-32 



1-213 




AP-235 



/PCO/USR/CHUCK/CSRC/DLD. C 




R»cv^Int_Proc««»in8C ) 




< 

struct FD »pfd» /« points to th» Frame Descriptor »/ 
struct RBD *q,> /* points to ths last rbd for tha frama */ 
«prbdi /♦ points to tha first rbd for tha frama ♦/ 




for <pfd " bagin fdi pfd !« pNULU pfd » bagin^fd) 
if (pfd->8tat Sc CBIT) < 

bagin fd » (struct FD ♦) Build_f tr(pfd->linli)i 

prbd « (struct RBD «) Build J»tr(pfd->rbd_off sat) i 

if (prbd !" pNULL) < /« chack to saa if a buffar is attached «/ 




•ifdaf DEBLK9 

if (prbd !- bagin.rbd) 

Fatal ("DLD: prbd !" bagin^rbd in Racv_Int_Procassing\n" )i 

«andif /« DEBUG */ 

for (q - prbdJ (q->act_cnt Si EOFBIT) !- EOFBIT; 

q - (struct RBD ») Build_Ptr(q->link ) ); 




bagin rbd ■ (struct RBD •) Build_Ptr(q->link )» 
q>>link - NULU 




> 

if (pfd->stat «< 0UT_0F_RE80URCE8) 

Put_Fraa_RFA(pfd)j 
alsa < 

/* if tha DLD is in a loopback tast< chack tha frama racv */ 
if (flags. lpbk.moda >» 1) 
Loopback_Chack (pf d )i 

alsa 




/« if it's a multicast address check to see if it's 

in the multicast address table* if not discard tha frame «/ 




if ( ( (pfd->dest_addrC03 Sc 01) — 01) ( !Check_Multicast(pf d ) ) ) 
Put^Free_RFA(pf d )i 

else 

< Recv_Frame(pf d )« 
■►+recv„frame_cnt< 

> 

> 




> 

else < 

RujStart()i /« If RU has gone into no resources* restart it */ 

breaki 

> 

> 




Loopback_Check(pfd) /* Called bg Recv_Int_Processing) checks address 
" and data of potential loopback frama */ 

struct FD ♦pfdi 




< 

struct RBD aprbdi 
struct RB apbufj 
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if ( bcinp((ch«r *> ttpf d->«rc_acldrC03. <<iiiho«ffliC03« AOD_LEN) !«> 0 ) < 
Put_Fr»t_RFA<pfd)j 
rsturn) 




> 

prbd • (struct RBD *) Build_Ptr (pf d->rbd_of f •«t)i /* point to rtcoiv* 

buffor descriptor ♦/ 
pbuf ■ (itruct RB •) prbd->buf f jtr» /♦ point to rocoivo buffor ♦/ 




if < bcfflp((char *) pbuf. «<lpbk_fram«CO]. LPBK_FRAriE_8IZE) •« 0) < 
Put_Froo_RFA(pf d )* 
rttorni 

> 




f lag*. lpbk_t»st 1>, /• patsod loopback t«st «/ 
Put_f r«t_RFA< p f d ) » 

> 




ChockJIulticattCpf d) /* roturnt true if multicast addrass is in MAT •/ 
struct FD «pfdi 

■C 




struct MAT *piiiati 




for (pmat ■ timatC03i pmat <■ S(matCMULTI_AODR__CNT ~ i]; pmat++) 
if ( pmat->stat -« INU8E tele 

(bcmp((char ♦) Sipf d->dtst_addrC03< Sipmat-->addrCO]« ADD_JLEN) »■ 0)) 
brtak) 




if (pmat > JcmatCMULTI_ADDRjCNT - 13) 

r»turn( FALSE)] 
raturn(TRUE)} 

> , ' ^ 




/* Tost tha Link function: axacutas Diagnoso and Loopback tasts */ 




Tast_Llnk() 

■C 




Salf.Tast - PASSED* 
Diagnosa( )> 

if <8alf_Tast " FAXLED_PZA0N08E) 
raturnj 

Ru_Start(); /* start up tha RU for loopback tasts «/ 
flags. lpbk_ffloda ■ li /* go into loopback modo «/ 




flags. Ipbk.tast » 0> /* sat looback test to falsa */ 
Sand Lpbk FramaO; /• internal loopback test «/ 
if (flags. Ipbk.test 0) < 

Self^Test • FAILED_LPBK_INTERNALi 

flags. lpbk_moda « 0; 

return! 

> 




flags. lpbk_test « 0; 

Conf igure(EXTERNALJ.OOPBACK)i /« external loopback test w/ ESI in lpbk */ 

Send Lpbk JF'raffla( )) 

if (flags. lpbk_test -> 0) < 

Self_Test » FAILED_LPBK_EXTERNAL8 
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r»turnj 




flags. lpbk_tttt " 0< /• •xttrnal loopback tttt through transcaivtr */ 

N0_ES1 _LOOPBACKi 

8«nd J.pb k_Fr«m» ( ) i 

if <flagft. Ipbk.tavt 0) 

Stlf.Ttftt « FAXLEDJLPBK_TRAN8CEIVER( 




flags. lpbk_moda " 0> laava loopback mods «/ 

> 




Sand J-pbk J'rama< ) 
< 




struct TBD «ptbd) 

int 1) 




for (i <- 0) i < 8i !•»••«-) < /• sand Ipbk fraaia 6 timasi sinca it's 

bast affort dalivary */ 




«ifdaf DEBUG 

if ((ptbd « Oat^TbdO) — pNULL) 

Fatal ("did - Sand J.pbk_Frama - couldn't gat a TBD\n")i 

#alsa 

ptbd - Oat.TbdOi 




*andif /* DEBUO »/ 




ptbd->act cnt - EOFBXT I LPBK_FRAME_SI2Ei 

bcopg((char *) ptbd->buf f jitr. Sdpbk^f ramaCOJ, LPBK_FRAME.SIZE)t 




whila( !Sand_Fraflia(ptbd» tiitfhoamiCO] ) ). 

> 

> 




Diagnose( } 




struct CB «pcbi 




«ifdaf DEBUG 

if ((pcb « Oat_Cb()) pNULL) 

FatalC'dld - Diagnosa - couldn't gat a CB\n")j 

Malsa 

pcb « Oat_Cb<)i 




#tndif /♦ DEBUG */ 




flags, diag dona ■ Oi 

Salf Tast - FALSE) 

p(::b->cmd « DIAGNOSE ! ELBIT; 




I s s ua_CU_Cmd ( p c b ) j 




while (flags, diag^dona «* 0) >' /* uiait for Diag end to finish */ 


231421-35 



1-216 



irrtef 



AP-235 



/PC0/U8R/CHUCK/C8RC/DLD. C 
> 

Conf igur«( loopf lag) 

u.thort loopfl«gi 

struct CB *pcbj 

»ifd«f DEBUG 

if ((pcb - Ovt^CbO) «- pNULL) 

FatalCtfld - Configurt - couldn't gtt a CBVn")i 

««1«« 

pcb - Ott.CbOi 

«*ndif /« DEBUG •/ 

/• Etharntt default paramttars */ 

pcb~>parini « OxOeOCi 
pcb->parin2 « 0x2600 i loopflagj 
pcb->par«3 ■ 0x6000) 
pcb->parm4 ■ 0xF200) 
pcb->parA9 ■ OxOOOOi 
if (loopflag — NOJ-OOPBACK) 
pcb-»>parn6 ■ 0x0040i 

• Ut 

pcb->parfli6 « 0x0006i /* loopback frama is lass bytas than 
tha MiniiRUM fra«a langtb */ 

pcb~>cmd - CONFIGURE i ELBITi 
Xssua_CU.cmd (pcb) I 

> 

/* Sand a frama to tha cabla* pass a pointar to tha dastination addrass 
and a pointar to tha first trans«it buffar dascriptor. ♦/ 

Sand_/rama(ptbd« padd) /• raturns falsa if it can't gat a Command block «/ 
struct TBD *ptbd) 

char apaddi 

< 

struct CB apcbi ^- 

u.short langthi 

flags, rasat^sama ■ li 

if (<pcb - OvtjCbO) — pNULL) < 
flags, rasat^sama " Oi 
if (flags, rasatjiand 1) 

Re»at_386()i 
raturn(FAL8E)j 

> 

pcb~>parml « Of f sat(ptbd)) 
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/* mow dtttination address to coNunand block «/ 
bcopv(<char *>8ipcb->p«riii2> (char «)padd> AODJ.EN){ 




/* calculate tha Itngth fiald bv aumning up all tha buffars «/ 




for <langth > Oi ptbd->link !« NULL> ptbd ■ Build_Ptr<ptbd>>link>) 
langth +« ptbd->act_cntj 




langth +« <ptbd->act_ent Sc 0x3FFF)j /« add tha last buffer */ 




/* chack to saa if padding is raquiradf do not do padding on loopback */ 




/« this will not work if nXN_DATAJ.EN > TBUFJiIZE «/ 




if ((langth < HIN^DATA^LEN) t>li /• assu«as a 4 byta CRC •/ 
(bcmp(<(WhoamiC03. (char *>padd. ADDJ.EN> 0)) 




ptbd->act_cnt - HINJ>ATA_LEN 1 EOFBITi 




pcb~>parm9 - langthi /* langth fiald »/ 




pcb->cmd - TRAN8HXT \ ELBITi 




Xssua_CU_Cmd<pcb)> 

flags. rasat_saflia " 0; 

if (flags. rasat_j>and «» 1) 

Rasat 986()i 
raturn(TRUE>i 

> 




Add_l1ulticast_Addrass(pffla) /» pma - pointar to multicast addrass •/ 
char apmaj ~ /« rat^jrning falaa maans tha Multicast addrass 

tabla is full •/ 




< 

struct MAT apiaati 




flags. rasat_sa«Ra >■ 1> 




/a if tha multicast addrass is a duplicate of ona already in the MAT* 
then return ♦/ 




for (pmat « mati pmat <« limatCMULTI ADDRjCNT - 13i pmat-^-i-) 
if ( pmat->stat «« INU8E 3iti 

(bcmp( tepmat'->addrC03f (char *) pma< ADD LEN) «» 0)) < 

return (TRUE); ' w 

> 




for (pmat - mati pmat <« 8imatCMULTZ_ADDRjCNT - X1% pmat-*-*-) 
if (pfflat->stat " FREE) < 
pmat>>stat - INUSE; 

bcopu( «cpmat-->addrCO]« (char *) pma« ADDJlEN); 
break; 
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> 

if (pmat > t(matCnULTI_ADDRjCNT - 13) < 
if ( flags. r»«0t_j>*nd " 1) 
raturn (FALSE)! 

> 




8»tJ1ulticatt_>tfdrats( )i 

flags. rasat_sa«a ■> Oi 

if (flags, rasatjiand 1) 

Rastt_9e6()i 
raturn(TRUE)i 

> 




Daltta_Multicast_Addrass(pNia) /* raturning falsa maans tha multicast addrass 

was not found •/ 

char apiMi 

•C 

struct MAT apmati 




flags. rasat_sama « It 




for (pmat - mat) p«at <- tusatCMULTI.ADDRjCNT - lli piiat-*-^) 
if ( pmat->stat INU8E (cti 

(bc«p( t(pmat~>addrC03. (char *) pma. ADD_LEN) —0)) < 

p«at->stat - FREEj 

braaki 

> 




if (pmat > dmatCMULTI^ADOR^CNT - 11) < 

if (flags, rasatjiand 1) 

Rasat_586( )« 
raturn (FALSE)! 

> 




Stt_Multicast_Addrass( )i 

flags rasat_sama " Oi 

if (flags. rasat_pand ■» 1) 

Rasat 5e6()i 
raturn(TRUE)i 

> 




Sat Multicast Addrass() 

< 




struct MAT apmati 
struct MA_CB «p«a_cbi 
u_short ii 




i - Oi 

pma cb « tcina cbi 

whila (pma cb->cmd !• 0) i /• if tha MA_CB is inusa« wait until it's frae */ 
pma„cb->link » NULLi 
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for (pmat - mat; pmat <• ScmatCMULTI^ADDR.CNT - lli pHiat-*-+> 






if < pmat->«tat •* INU8E) < 






bcopu( tcpnia cb>>fflc_addrCi3. &pnat->addrC03. ADD_.LEN)i 






i +• ADD J.ENI 

> 






piiia_el»->«c_cnt ■ ii 






pma.cb->cflid » MCJSETUP 1 ELBXTi 




> 


I • t ua_CU_Cffld < pma.c b ) i 




Pot_Fr»»_RFA(pfd) /♦ Rvturn Fram* Dfftcriptor and Rtcviv* Buffmr 






Oaacriptor* to tha Frt« Rocaiva Frama Araa */ 






•truct FD apfdi 




< 


struct RBD *prbd« /• points to baginning of raturnad RBD list •/ 












Char ru.start.f lag_f d> /a indicatas whathar to rastart RU «/ 






ru_start_f lag^rbdj 






flags. rasat_sama ■ It 






ru start flag fd » ro^start^f lag^rbd « FALSEi 






pfd->al_s » ELBITi 






pfd~>stat » Oj . . 






prbd « (struct RBD «) Build J>tr(pf d->rbd.offsat)i /• pick up tha link to tha rbd */ 






pfd"->link « pfd~>rbd_offsat - NULLi 






/» Disabla_986_Int( >i this command is only nacassary in a multitasking 






program. Hoiuavar in this singla task anvironmant this routina is originally 






callad from isr_986C)* tharafora intarrupts ara alraady disablad */ 






if (bagin.fd « pNULL) 






bagin_fd ■ and_fd ■ pfdi 






alsa < 






and_fd->link - Offsat(pfd)i 






and_fd->al^s « Oi 






and_fd « pfdj 






ru_start_f lag_fd " TRUEi 

> 






if (prbd !-> pNULL) < /* if thara is a rbd attachad to tha fd than 






find tha baginning and and of tha rbd list «/ 






for (q » prbd* q->link !- NULLj q « Build_Ptr(q->linfc ) ) 






q->act_cnt • Oi 






/* now prbd points to tha baginning of tha rbd list and 






q points to tha and of tha list «/ 






q->si8a « RBUF_8IZE 1 ELBITj 






q->act_cnt ■ 0* 
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if (btgin.fbd >*■■ pNULL) < /* if thsrv i% nothing on th* list 
" croatt a now list •/ 




ond_rlid • qi 
if (prbd !■ q) 

ro_»t«rt_f lag^rbd • TRUEj /♦ if thort i« «noro than ono rbd 
roturnod ttart tho RU «/ 




> 

• IBO i 

/* if tho rbd litt alroady oxittt add on 
tht now roturnod rbdo */ 
ond.rbd-Mlnfc « Of f ootCprbd )i 
ond_rbd->tlio - RBUF.8IZE< 
ond_rbd ■ qj 

ru_»tart_f lag^rbd - TRUEj 

> 




if <ro »tart_f lag_fd titi ro_otart_f lag_rbd ) 
Rul8tart( )) 




/o Enablo 986 Xnt()i if Disablo 986 Int() it usod abovo */ 




f lago. rooot.ftoma ■ 0) 

4 A i A\ mttm ^mm.m^ n Anil 1 ) 

Rosot_986( >} 

> 




Ru Start () 




< 

if ((«cb. Stat Sc RU.NA8K) — RU.READY) /* if tho RU is alroadg 'roady ' 

than roturn «/ 

roturni 




if ( (bogin_fd->stat tt CBIT) CBIT) 
roturni 




bogin fd->rbd offsot > Of f sot (bogin_rbd ) < /« link tho beginning of tho rbd 

list to tho first fd */ 

scb. rfa.of fsot <■ Off sot(bogin_fd)i 

Wait ScbO; 

scb. cmd « RU_8TARTi 

CA. 

> 




Softwaro_Ro5ot( ) 




{ 

scb cmd » RESET; 
CAi 

Wait_Scb( >i 

> 




Issuo_Rosot_Cmds< > 

< 




Wait_Scb()i 

scb. cmd ■ CU_START» 

CAi 
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W«it.8cb()i 




outiii(0xFF9Ei 0) i /* shut off timtr 1 interrupt */ 
outw(TXnERl„CNT< 0>i 

outw(OxFF9Ei 0xC009)i /* utt timsr 1 without intorrupt a doodman «/ 




whil* ((iniii(0xFF9E) Se 0x0020) — 0) /* if Max Cnt hit is sat haforo CNA 

is sat. 586 C«d daadlockad »/ 

if ((scb.stat tc CNA) — CNA) 
braaki 




if (scb. Stat ti CNA !- CNA) 

Fatal<"DLO: Zssua_Rasat_Cmds - Comnand daadlock during rasat procaduraVn** )> 




Rasat_Tifflaout C) ) 




scb. cmd - CNAi /• Acknowladga CNA intarrupt •/ 

CAi 

Uait_8cb()i 

> 




/* Exacuta a rasat* Configura* 8atAddrass« and NCjBatup* than rastart tha 

Racaiva Unit and tha Command Unit «/ 
Rasat_986( ) 




< 

struct NAT *pm«t) 
u^short ii 




♦♦rasat^cntj 
0isabla_986.Xnt()i 
ESIJLOOPBACKi 
8of twara_Rasat( )i 




scb. Stat " Oi 




CAi /* wait for the 986 to complata initialixation «/ 




for ( i - Oi i <- OxFPOOi i**) 
if (scb.stat « (CX { CNA)) 
braakf 




if (i >OxFFOO) 

Fatal ( "OLD: init - Did not gat an intarrupt aftar Softwara Rasat\n")> 




/» Ack tha rasat Intarrupt »/ 

Wait ScbOi 

scb. cmd - (CX \ CNA)i 

CAi 

Uait_8cb()i 




ttifdaf DEBU<» 

if ( bagin.cbl -« pNULL) 

Fatal ( "OLD: bagin.cbl - NULL in Rasat^SS^" ); 
«andif /• DEBUG •/ 
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/• Configurt tht 986 •/ 

/* Eth*rn«t default p«r«««t«r«i Configur* it not nvcvfttaru whtn using 
dtfault par«flitt«r» •/ 

r»»_cb. link « NULLi 

rt«__cb. p«rml " OxOOOCt 
rvt.cb. pariii2 ■ 0x2600) 
r«ft_cb. p«r«3 ■ 0x6000) 
r«i_cb. parM ■ 0xF200) 
rat.eb. paring " 0x0000) 
r«»_cb. pariii6 •> 0x0040) 
rat.cb. end - CONFIOURE i ELBIT) 

•cb. cbl.offBfft • Offs«t(lir«s_cb. ttat)) 

I««uw_P««at_Ciiids< }) 

/• 8tt tha Individual Addratt */ 

bcopu((char •) «cra«.cb. pariRl* ttwhoaaiiCO]. ADDJ.EN)) /* Mova tha prom 

addrats to XA cmd «/ 

ras^cb. cmd « lA I ELBXTt 
IttuaJRttat_Cmd«( )) 

/* raload tha multicast addrassas •/ 

i « ra»_ma„cb. stat - 0) 
ra«_ma_cb. link • NULL) 

for (pmat - fcrnatCOS) pmat <« IcmatCMULTI.ADOft.CNT -13) pmat-i-i-) 
if ( pmat>>ttat — XNU8E ) < 

bcopv< tiraa^ cb. mc addr[i3» <(pfflat->addrC03. ADD^LEN)) 
i •»•« ADDJlEN) 

> 

ra»_ma_cb. mc_cnt " i) 

Tas_ma_cb. cmd - MC_SETUP I ELBITj 

«cb. cbl_of faat " Of f sat (&ra«_ma_cb. stat)) 



IssuaJRtsat_Cmds( )i 

/* Rastart tha Command Unit and tha Racaive Unit «/ 

flags. rasat_sama <■ 0) 
flags. rasat_jpand ■ 0) 

N0_E81_L00PBACKj 

Racv_Int_Procassing< )) 

icb. cbl_of f sat - bagin_cbl) 
Wait ScbOt 
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•cb. cmd • CU^START; 

S»t_Timtoot<)* /* Stt 0*«dffl«n Tlmtr •/ 

CAi 

Enablt.se^.XntOi 

> 




/« bCQpv — bvt* copv routine «/ 
bcopy(dtt« trci nbytat) 
ch«r *dBt* *trc> 
int nbytvii 

i 




whilt <nbvtot--) ♦dtt** « #»rc+"»'j 

> 




/• bemp — bytt compar* */ 
bcinp(»l< tS« nbytvt) 
eh«r *tl. *i2t 
int nbytffti 

< 




whilt (nbyttt — M mm *tS-*"*-}> 
rtturn(» — «1 - ♦-~«2)» 




> 
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« 

• IEEE 808.2 Logical Link Control Layor 
» (Station Componont) 


* 
« 




#incluclo "did. h" 






• xvofn cnar wprim.L.i 






• xtarn ■truct Tod *99X^Qa \ tt 
•xtarn char »8uild_Ptr ( )* 






raadonly char »id.fra«tCXI0J.EN0TH3 > < 0. 0. XIO. 0x81. 0x01. 0>> 
/* DSAPi 88AP. XID. xid clatt 1 rasponia */ 






struct LAT latCDSAP_CNT3j 






InitJ-lcO 
< 






struct LAT •platJ 






for (plat - S(latC03i plat <- tdatCDSAP.CNT - 13{ plat-^-t-) 

plat->fttat ■ FREE) 
rtturn(Init_S8&( ))J 

> 






/♦ Function for adding a now D8AP •/ 






Add Dtap Addrasft(d«ap> pfunc) /* D8AP must b« divisible by 2*«(8-N>. whsr* 

2»»N - D8AP_CNT. (i.a. N LSBs must ba 0). 

maat tha abova raq,uiramantsi or tht Lsap 
Addrass Tabla is full* or tha addrass has 
alraadg baan usad. NULL DSAP addrass is 
Tm%9Ty9d for tha Station Componant */ 

int dsap. (apfunc) (>» 






struct LAT aplatj 






if ((dsap « (8-D8AP_8HIFT) tc OxOOFF) !- 0 M dsap «« 0) 
raturn (FALSE); 






/** Chacfc for duplicata dsaps. 

if ( (plat • «clatCdsap » DSAP_SHIFT3)->stat »» FREE) < 
plat->stat - INU8E> 
plat->p_sap_f unc • pfuncs 
ratorn (TRUE)j 

> 






alsa 

raturn (FALSE)) 

> 






/* Function for dalating DSAPs */ 






Delata.Dsap_Addrass(dsap) /* If tha spacifiad connaction axists> it is savarad. 

If tha connaction doas not axist< tha command is ignorad. */ 
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xnt ds<ipj 




•C 

UtCdsap » DSAP_SHIFT3. %tmt - FREE* 

> 




Recv_Fram«(pfd ) 

•truct FD ♦pfdJ 




< 

struct RBD *prbdi 
struct FRAME STRUCT *pfs> 
struct LAT ~ «pl#ti 




prbd « (struct RBD ♦> Build_Ptr <pf d->rbd_of f set), 
pfs « (struct FRAME„STRUCT ♦) prbd->buf f _ptrj 




xf (pf d->rbd_of f s«t !■ NULL) < /♦ Thers has to be a rbd attached 
~ to tht fd. or else the frame xb 
too short. */ 

if (pfs->dsap •« 0) -C /* if the frame is addressed to the Station 

Component* then a response may be required */ 




xf ( '(pfs->s8ap %i C_R_BIT) ) </» xf the frame recexved x«i a response* 
" xnstead of a command* then reject it. 

Because this software does not xmplement 
DUPLICATE_ADDRESS_CHECK. ~> no response 
frames should be recv'd */ 
Station_Component_Response(pf d )j 

> 




> 

/« not addressed to Station Component* */ 

/* check to see if the dsap addressed xs active */ 

else if ((pfs->dsap « (8-D8AP_SHIFT) «c OxOOFF) — 0 «««c 

(plat - l.latC(pfs->dsap) » DSAP _8HIFT3 )->s tat — INUSE ) < 
(-eplat-->p_sap_func) (pfd); /* call the function associated 

with the dsap received */ 

> 




> 

Put_Free_RFA(pfd)i /« return the pfd if not given to the user saps ♦/ 

> " ^ 




Station_Component_Response(pf d ) 




struct FD «pfdj 




{ 

struct FRAME_STRUCT *prfs* »ptfs* 

struct TBD *ptbd. *begin_ptbd* *qi 

struct RBD «prbdi 




prbd » (struct RBD ») Build_Ptr (pf d->rbd_of f set)i 
prfs » (struct FRAHE_STRUCT *) prbd->buf f _p tri 




switch (prfs->cmd & •»'P_F BIT) 
< 




case XXD: 
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whil* ((ptbd " 0»t_Tbd()> pNULD) 
ptbd->act_cnt - EOFBIT 1 XID_LENOTHj 

bcopv (<ch«r ») ptbd->buf f _j>tr* ttx id_f ramaCO]* XID_LENOTH)i 
ptf» - (ttruct FRAME^STRUCT *) ptbd->bu#f _ptr . 
ptf»->cmd ■ prf»->cmdi 




ptfs-->dtap " prft->«tap { C_R_B1T; /♦ r»turn th« fram* 

to the sender «/ 

ptfc~>t«ap ■ Oi 

uihile< !8end_Fr«me(ptbd. Boild_Ptr <pfd->»rc. addr) ) )j 
brumki 




case TEST- 




for (prbd - (struct RBD ♦) Build_Ptr (pfd->rbd_of f set), 
q ■ begin_ptbd pNULLi prbd !•■ pNULLi 

prbd - Build_Ptr<prbd->link) ) < 




while ((ptbd • Oet_Tbd()) «« pNULL); 
if (q pNULL) 

q->link ■ Of f set ( ptbd ) « 

else 

b'flin _ptbd * ptbdi 
ptbd->«ct_cnt ■ prbd->ect_cnt/ 

bcopv((char ♦) ptbd->buf f_ptr, (char ♦) prbd->buf f _ptr, 

ptbd->act_cnt 0x3FFF)i 

q « ptbdj 

> 




ptfs » (struct FRAME_STRUCT ♦) begin_ptbd->bijf f. ptr. 
ptfs->cmd ■ prfs->cmdj 




ptfs->dsap ■ prfs->ssap 1 C_R_BITj /« return the frame to 

the sender */ 

ptfs->ssap " 0» 

while( !Send^rame(begin_j)tbd# Bui ld_Ptr ( pf d->src_addr ) ; >> 
break; 

> 

> 
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« User Application Program « 

* Async to IEEE 802. 2/802. 3 Protocol Converter * 

» ' ' * 

***««***«*****«««*«**«*«««»»««**««•««««*»««»*«#»«#*«*«««««*«««««*»«»»*«««««««./ 

#includo "did. h" 

/♦ ASCII Character* ♦/ 

«define ESC Ox IB 

#define LF OxOA 

•define CR OxOD 

•define B8 0x08 

•define BEL 0x07 

•define SP 0x20 

•define DEL 0x7F 
•define CTL_C 0x03 

/« Hardware */ 
•define CH_B_CTL OxOODE 
•define CH A CTL OxOODC 
•define CH_B_DAT OxOODA 
•define CH A DAT OxOODS 
•define UART_STAT_MSK 0x70 

/* Interrupt cases for 8274 ♦/ 
•define UART TX_B 0 
•define UART_RECV_B 0x08 
•define UART RECV ERR B OxOC 
•define EXT_STAT_INT_B 0x04 
•define EXT_STAT_INT_A 0x14 

char fifo_tC2S63> 
char fifo_rC256]i 
char ulraCSli uirbCS]; 

unsigned char in«.fifo_ti out_fifo_tj in_fifo_r» out_fifo__r. actual: 
u_short t_buf_5tat» r_buf_5tat. 

char cbufCSOJi /« Comffland line buffer */ 

char lineCSl]^ /* Monitor Mode display line «/ 

unsigned char dsap* ssap< send_flag> local.echo* 
char Oest AddrCADD.LEN3 ; 
char Multi_AddrCADD_LENJ; 

int tfflstati /« terminal mode status, for leaving terminal mode */ 
int dhex. monitor_f lagi hs_stat» /♦ flags »/ 



extern struct TBD »Get_Tbd()i 

extern char ♦Build_Ptr( ). 

extern struct FLAGS flagsi 

extern char xid^frameCli 

extern char whoamiCS; 
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txttrn 


ttruct HAT 


m«tC]i 


•xttrn 


struct LAT 


IttCSi 


txttrn 


ch«r *pNULLi 




txttrn 


uniigntd long 


gooii_xmit_cnt) 


txttrn 


u_thort 


undtrr undent! 


txttrn 


u_thort 


no_cr»_cnt> 


txttrn 


untigntd long 


dtf tr_cntJ 


txttrn 


u^thort 




txttrn 


o_thort 


max.col.cntj 


txttrn 


unsignttf long 


rtcv_fr««t_cnt 


txttrn 


u^thort 


rt«tt_cnti 


txttrn 


•truct 8CB 


tcbi 



/* Mtcro 'tupt' of dtfinitlont */ 

ttdtf int RT8_0NB outb (CH^.CTL. 0x09)i eutb<CH^.CTL* uirbC93-wrbC 93 10x02) 
«dt#int RT8_0FFB ootb (CHJB_CTL* 0x09) J outb (CHJ_CTL. wrbC93«wrbC93I.OxFD) 
#dtfint RT8_0NA outb(CH.A CTL. 0x09) < outb (CH A_CTL. uir4iC93-wraC 93 10x02) 
#dtfint RT8_0FFA outb (CH_A_CTL, 0x09)* outb (CHJS.CTL, wr«C93-wrtC93«(OxFD) 
«dtfint UART TXJDX B outb(CH.B CTL. 0x01 )i outb (CH_B_CTL> uirbC 1 3-wrbC 1 3<(0xFD) 
ttd t f i nt UART_TX.EI_B ou tb <CH_B_CTL, 0x01 ) i out b < CH_B_CTU wrb C 1 3-wrb CI 3 1 0x02 ) 
#dt#int UART RXJ)I_B outb <CH_B_CTLi 0x01 )* outb <CHJB_CTL. wrbCl 3-wrbC 13«tOxE7) 
#dtf i nt UART JIX_EI_B outb <CH_P_CTL. 0x01 ) i ootb <CH.B jCTL, wrb C 1 3«wrb C 1310x10) 
«dtfint RE8ET_TX_INT outb(CH_B CTL.0x28) 

#dtfint EOI 8274 outb(CH A CTL.OxSB) /* 8274 int it IR3 on 80130 «/ 
*dtfint E0I_80130_8274 outb (OxEO. 0x60) 
«dtfint E0I_e0i30 TIMER outb (0xE0> 0x62) 



Entblt_Utrt_Int< ) 

{ 

int Ci 

c - inb(0xE2)i /* rttd tht 80130 inttrrupt matk rtgitttr «/ 

outb(OxE2> OxOOFE (e c)i /« writt to tht 80130 inttrrupt mask rtgisttr «/ 

> 

Di««blt_Utrt_Int( ) 

< 

int a 

c - inb<0xE2)i 
outb(OxE2. 0x0001 i c). 

> 

Entblt_Timtr_Int( ) 

{ 

int ci 
outb(OxEAi 129)i 

outb(OxEA« OxOO)# /« Timtr 1 inttrrupts tvtry . 129 stc «/ 
stnd.flag - FALSEi 

c ■ inb(0xE2)i /« rtad tht 80130 inttrrupt mask rtgisttr */ 

outb(OxE2* OxOOFB & c)i /* uiritt to tht 80130 inttrrupt mask rtgisttr */ 

> 
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Oisabl* Tim«r_Int<) 
< 

int Ci 






c = inb(OxES)i 
outb(0xE2« 0x0004 ! c); 

> 






Co(c) 

char a 

< 

whilt < <lnb<CH_B_CTL) Ic 4) 0 )< 
outb(CH_B_DAT, c)» 

> 






Ci( ) 
< 

whil* < <inb<CH_B„CTL> * 1 > — 0 >» 
rtturn<lnb<CH_BJ)AT) & 0x7F)j 

> 






R»«(t<pm»g. cnt* pact) 
char *pfflsg> 
unsignad char cnt> #pact> 

< 

unsignad char ii 
char c. bufi:2003i 






for (i • c - Oi (c •» CR) li<( (c •« LF) &«< (i < 198) i 
c « CiO it 0x7Fi 
if <c — BS ! 1 c »» DEL) -C 
if <i > 0) < 

— ii 

Co<BS)} Co(SP)i Co(B8)i 

> 


) < 




> 

else 

if <c >» 8P) < 
Co(c)i 

bufCi++3 « a 

If ((c «» CR) ; 1 (c — LF)) { 
bufCi++3 » CRj 
bufCi++3 « LFi 






else Co(BEL)i 

> 






Co(CR)> Co(LF)> 
if <i > cut) 

«pact = cnt. 

else 

♦pact « ij 
for <i » 0* i < ♦pact i i*"*-) 
♦pmsg++ » bufCi3i 
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> 

RsadjCharO 

< 

untignvd char i) 

R«ad(t(Cbuf C03< 80. ItactuaDi 

i • 8kip(8icbufC03>i 
r«turn(cbuf Ci3 )i 

> 

Wrltc<pmtg) 

char *pflisgi 

•c 

whila <*pmsg !■ '\0'} < 
if («pm«g — '\n') 

Co(CR)i 
Coivpmcg-^-*-}) 

> 

> 

Fatal (pmtg) /• writ* a «»««aga to tha icraan than stop •/ 
char •pmagi 

< 

Urita< "Fatal: ")j 
Urita(pfflsg)j 

f or< J > )> 

> 

Bug(pmsg) /* writa a maaaag* to the scraan than continua */ 
char apmagi 

■C 

WritaC'Bug. 
Writa(pffl«g)( 

> 

A»cii_To_Char<c) /♦ convart ASCII-Hax to Char »/ 
char ci 

< 

if < ( '0' <■ c) M <c <- '9') ) 

r«turn<c - '0')* 
if <( 'A' <• c) <c <« 'F')) 

raturn(c - 0>37)} 
if << 'a' <« c> fcfc <c <• 'f ')) 

raturn(c - 0x97)i 
r«turn<OxFF)j 

> 

Lowar_Casa(c ) 

char c. 

i 

if << 'a' <« c> fcli (c <« '!'>> 

raturn(c >i 
If << 'A' <- c) titi (c <■ 'Z')) 

raturn(c + 0x20)i 
r«turn<0>> 

231421-50 



1-231 



AP-2a5 



/PCO/USR/CHUCK/CSRC/UAP. C 






Ch«r_To_A«cil (c# ch) /« convert char to ASCII-Hex ♦/ 
unsigned char c» chtli 

< 






unsigned char i; 






i « (c OxFO) » 4. 
if (i < 10) 

chC03 " i + 0x30; 

else 

chC03 ■ i ■»• 0x37; 
i « (c & OxOF) ; 
if <i < 10) 

chCn > i + 0x30; 

else 

chC13 - i 0x37; 
chC23 ^ '\0'i 

> 






Skipipfflsg) /« skip blanks */ 
char »pfflsg; 

< 






int i; 






for <i ■ 0; vprnsg ' '; p msg ••■■♦■> ; 
return( i ); 

> 






Rcad^IntO /« Read a 16 bit Integer »/ 

< 






u_Bhort wd> wh# uidli «i>hl< j; 

chfr ii donei hex, dover# hover; 






for (done « FALSE; done FALSE; ) i 
Read(8<cbufC03. 80. Siactual); 

i > Skip(Sicbuf C03); 






for (hex ■ dover hover ■ FALSE, ud ■ uih ■ wdl ■ whl "0; 

(J - Ascii To Char(cbufCi]>> <« 19, i-^^ 

if (j > 9> 

hex » TRUE; 
uid B iiid*10 j; 
uih » wh«16 j; 
if (wd < wdl) 

dover ■ TRUE; 
if (wh < whl) 

hover « TRUE; 
ud 1 uid # uihl * uihl 

> 


>•) i 




if (cbufCU 'H' 51 cbufCi3 «« 'h' 1! cbufCi] «« CR 5 1 

cbufCll ■« LF 1! cbufCiD ' ' 
if (cbufCiD «» 'H' II cbufCiD — 'h') 

hex - TRUE; 
xf (hex «« TRUE hover »« FALSE) 

done - TRUE; 
if <hex — FALSE &«( dover — FALSE) 
done - TRUEi 


) < 
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if <>don«> < 

UritaCNn Thlt numbT it too big. Sn It 
Writo<"\n Entor numbor — > ")» 

> 


has to ba lass than 


65936. \n"). 




> 

• Iso 

Urlto(" Illagal CharactorXn Enttr m numbor 


— >" ) » 






if (box) 

r«turn(wh>i 
rtturn(uii )i 

> 








uniigntd long valuo* 
u.fbort b«co< widtht 
chor cht]» Idi 


intagar to an ASCII 


string */ 




< 

o_ihort ii J J 








for (i • 0) i < width) i**) < 
J ■ valuo X basoi 
if <j < tO) chCi3 - J + 0x30* 
• Itt chCil • J 0x37i 
voluo > valuo / bas«> 








y 

for <i - width - it chCiJ — '0' fcle i > 0> i— ) 

chCi] - Idt 
chCwidthl « *\0*i 

> 








WrittJLong_Int(dw, i> 
unsigned long dwi 
u_ihort ii 

< 

u short j« 
char chCllIt 








if (dhox) 

Int_To_A«cii(du. 16» ' &chC03* 8); 

• Ito 

lT>t.To_A«cii<dw. 10. ' «echC03. 10>i 
for <j " Oi chtjJ ••« '\0'i i — . 
lintCil » ch[j3i 

> 








Writa_Short_Int<«tf. i> 
u short itf. if 

< 

u_short j» 
char chC6]; 
unsigned long dwi 








dui ■ w{ 
if (dhai) 

Int_To Ascii(dw. 16, '0'. ScchCO]. 4>; 

also 
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Int To_Atcii(dw» 10. '0'. IcchCOl. 
for <j " Oi chCj3 !- <\0'i i—. 
lintCil " chCj]) 

> 



Y»s( } 

< 

char bi 

for ( i i > { 

b « R»ad_Char< )> 

if <(b — 'Y') i i (b — 'y ')) 

roturn(TRUE>j 
if ( (b " 'N') 1 ! (b «- 'n')) 

rt turn (FALSE); 
Writ«<" Ent»r • Y or N —> ")j 

> 

> 



Rt«d.A(ldr(pmBgi add» cnt) /* pmsg 
/* add 

/♦ cnt 

char *p«sgi addC3> cnt; 
char ii ji 



- pointar to tho output mottaga */ 
" pointar to tha addra»s */ 
- nufflbar of bytas in tha addrass •/ 



for ( J J ) < 
Writa(pNiftg >» 

Raad(bcbuf C03. 80. tcactual). 

for (j » ftkip(ticbuf C03). i • 0; i < 2*cnt ; i++, j++) < 
if <<'0' <« cbufCjD) ith (cbufCjD <» '9')) 
cbufCil « cbufCj3 - '0'. 

else 

if (('A' <" cbufCj]) «cS( (cbufCjD <- 'F')) 
cbufCi3 » cbufCjD - 0x37, 

else 

if <('a' <« cbufCjD) (cbufCj3 <■ 'f')> 
cbufCx] » cbufCj3 - 0x57i 

else < 

Write<" Illegal Charac ter\n" > . 
break. 

> 

> 

if (1 >= 2»cnt - 1) 
break! 

> 

for <i » 0; i <« cnt - Ij i++) 

addC<cnt - 1) - i3 « cbufC2*i3 « 4 ! cbufC2»i + 13, 



I Write_Addr<padd. cnt) 

char paddC3. cnt. 

< 

unsigned char i. cC33. 
for < J cnt >0 . cnt — ) < 
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1 ■ paaoLcnt'*'! ji 
Ch«r.To.Ascii<l. licCODi 
Urit»(ticC03)i 




> 

cC03 - '\n'» 
eC13 - '\0'» 
Urlt«<licC03)i 

> 




R»cv_Pat«_.l<pfd> /« R«c*iv»* th« #ram« from th» 602.2 modul* «/ 




itroct FD ♦pfdj 




{ 

•truet FRA«E_8TRUCT »prf», ♦ptfsi 

struct TBD *ptbd* •b»gin_j>tbd. vqi 

struct RBD wprbdi 

char »prbuf» 

int cntj 




prbd « (struct RBD *) Build J*tr(pfd->rbd.off sat)! 

prfs - (struct FRA^E_STRUCT ♦) Bulld_Ptr (prbd->buf f_jtr 




switch (prfs->c«d li '^P^.BIT) < 
casa UI : 

if (fflonitor_f lag) 

braaki /* Don't put data in fifo unlass in tarminal moda */ 
prbuf » (char •) prfsj 

prbuf <*•■• 3j /* skip ovar tha haadar info and point to tha data •/ 

cnt «• 3j 

pfd— >langth — *■ 3; 

for (I prbd !- pNULLi cnt ■ 0, prbuf - (char ♦) prbd->buf f jtrX 
for ( 1 cnt < (prbd->act_cnt & 0>03FFF) Sttc pfd->langth > Oi 
cnt++. prbuf**, pfd-'>langth — ) < 
whila(r buf stat FULL)) 
Fifo_R_Tn(«prbuf )j 




> 

prbd ■ Build_Ptr(prbd->link)» 

ttifdtf DEBUG 

if (pfd-Mangth «» 0 «.Sc prbd !- pNULL) 
FatalC'Uap. Racv_Data_l (pfd) ")} 

#andif /♦ DEBUG »/ 




> 

break) 




casa XID 




whila ((ptbd » Oat TbdO) == pNULDi 
ptbd->act cnt > EOFBIT 1 XID.LENOTHi 

bcopv ((char ♦) ptbd->bof f_ptr, ««k id_f ramaCOD, XID_LENOTH). 
ptfs » (struct FRAME^STRUCT ♦) p tbd->buf f _j»tr, 
ptfs->cmd " prfs->cmdJ 




ptfs->dsap « prfs->ssap \ C_R_BITi /♦ raturn tha frame 

to the sender */ 

ptfs'->ssap « ssap) 

whilc( !Sand_Frame(ptbdi Build J»tr(pf d->src_addr) ) )i 
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brtaki 




cast TEST: 




for <prbd • (struct RBD ») Bui Id J»tr (pf d->rbd_of f set >i 
q *t begm^tbd " pNULLi prbd pNULL; 

prbd " Build Ptr (prbd->link ) ) < 
whiU <(ptbd - 0«t_Tbd()) -» pNULD) 
if <«i !« pNULL) 

q-Mink « Offs»t(ptbd)i 

else 

begin_j>tbd * ptbd> 
ptbd->«ct_cnt " prbd->act_cnti 

bcopu((char #) ptbd->buf f_j>tr. (char ♦) prbd->buf f_ptr. 

ptbd->act_cnt & 0x3FFF), 

q ■ ptbdj 

> 




ptfs - (struct FRAME^STRUCT ♦> beg in_ptbd->buf f _ptri 
ptfs->cmd " prf s-~>cmdi 




ptfs~>dsap " prfs->ssap i C_R_BIT» /* return the frame to 

the sender */ 

ptfB~>ssap » ssapi 

while< !Send^Frame(beginj>tbd> Build_Ptr(pf d>>src_addr ) > it 
break; 




> 

Put Free RFA(pfd)i /« return the frame */ 

> 




Fifo T^DutO /* called bv mam program #/ 

i 




char ci 




c « f ifo_tCout_fifo_t++3, 




DisableJUart_Int( )» 

if (out_fifo_t «" in_fifo_t) /♦ if the fifo )s emptg »/ 

t_buf_stat » EMPTY} /^^ stop filling Transmit Buffer Descriptors */ 
else /« if the fifo was full and is now draining */ 

If (t_buf^stat FULL 8tS« out_fifo_t — 80 in_fifo_„t> i /♦ turn on 

~" - ~ spigot ♦/ 
RTS ONBi 

t_buf„stat - IMUSEi 




> 

Enable_Uart_lnt( )i 
return(c )> 

> 




Fif o_,T_In(c ) /» called by Uart receive interrupt ♦/ 
char ci 

< 




fifo tCm fifo t+-f3 » cj 
if (t_buf_stat EMPTY) 
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t.buf.ttat - INUSEi /« start filling Transmit Buffar Daicriptor */ 
•ls« /* if thara ara only 20 locations laft* turn off tha spigot 
if (t buf Stat « INU8E tcli in.fifo.t + 20 " out fifo_t> < 
RT8_0FFB» 

t_buf_stat - FULLi 

> 


«/ 




> 

Fifo_R_Oot<) /♦ callad by transmit intarrupt ♦/ 






char Ci 






c ■ f ifo_rCout_f ifo.r^+l* 






if (out ^ifo r " in.fifo r> /• if tha fifo is ampty •/ 

r_buf_stat - EMPTY; 
alsa /« if tha fifo was full and is now draining •/ 

if <r_buf_stat « FULL M out^fifo^r - 91 »• in fifo_r) 
r.buf.stat - INUSEi 
raturn<c )» 

> 






Fi*o.R_In<c> /♦ callad by Racv_Data_l < ) ♦/ 
char cj 






< 

fifo rCin fifo r^^*! ci 
DisablaJUart Int(>< 
if (r_bof_stat — EMPTY) < 
UART_TX_EI_Bj 

Co<0)) /• prima tha intarrupt •/ 
r_buf Stat - INUSEi 






> 

alsa /« if tha buffar is full, indicata it */ 

if <r_buf_stat — INU8E M in.fifo.r " out_fifo_r) 
r_buf_stat - FULL* 
Enabla Uart.XntOi 

> 






Isr_Uart< > 

■C 






mt stati 
char ci 






outb(CH.B_CTL. 2); /• point to RR2 in 8274 •/ 






switch <inb(CH_B_CTL) Sc OxlCX /* raad 8274 intarrupt vactor and sarvica 


it ♦/ 




casa UART_TX_B: 






if <r_buf_stat — EMPTY) < 

UART TX Dljt /• if fifo is ampty disabla transmittar 

RE8ET_TX_INTi 

> 


«/ 




alsa 

outb <CH_B_DAT, Fifo_R_Out())J 
braaNi 
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cm»m UARTJ?ECVJERRJB: v 

outb<CH^ CTL# 1)1 /• point to RRl In 8274 ♦/ 
•tat - inb<CH_B_CTL)i 
outbCCHJIjCTL. 0«30)J 
if (tt«t & OxOOXO) 

Writo("\nP«Tity Error Ootoct«d\n")> 
if (ttat It 0x0020) 

Mrit»("\nOv«rrun Error Dtttct«d\n" )i 
if (ttat ti 0x0040) 

WritcCVnFraming Error DotvctvdVn" )i 
broaki 

C«»o UARTJ?ECV_B: 

c - inb(CH_BJ>AT)i 

if (hs_»t«t — TRUE) < 

ht.ttat » FALSE) /• Flag to torminatt High Spoad Transmit mod* •/ 
braaki 

> 

if (local.acho) 

Co(c)i /* tcho the char back to tha tarminali could cau«a 

a tranifflit ovarrun if Tx intarropt is anablad ♦/ 

if (c CTLj:) 

tfflstat - FALSE) 

alsa 

Fifo_T_In(c)j 
braaki 

casa EXT_8TAT_INT_B: 

outb<CH_B_CTLi OxlO){ /• rasat axtarnal status intarrupts «/ 
braak) *" 

casa EXT_STAT_INT_A: 

ootb<CH_A_CTL, OxlO>» 
braaki 



dafault. 

> 

EOI 80130.8274) 
E0lja274j 

> 

Xsr2< ) 
< 

sand flag • TRUE) 
outb(OxEA« 125)) 

outb<OxEA. 0x00)) /* Timar 1 intarrupts avary 129 sac ♦/ 

outb(OxEO< 0x62)) /* EOI 80130 «/ 

> 
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LoadJLtap ( ) 

< 




int R»cvJD«t«_I()j 




♦or<j J ) < 

Rt«d AddrK'NnNnEntvr thit Station's L8AP in H»i — > "« 8(tt«p« l)i 

if C !Atfd_p««pJ^ddr««t(B««p. Rffcv.Oata.l > ) < 

Writ«("\nNnError: L8AP Addr«*« must b» on* of tho f oil owing : Nn** >i 
Writ»(-\n 20H. 40H. 60H. BOH. MH, COH. EOH \n»)i 

> 




olio broahi 

> 




> 

Lo«d.Multica«t(> 

-C 




for ( I i ) i 

RoodJ^ddr('*\nEnt»r tho Multicamt Addross in Hoic — 

liHulti_AddrC03> ADD_LEN>i 

if (<nulti.AddrC03 ti OiOl) 0) 

Urito( "\n8orrw< tho L8B of tho Hulticast Addrast must ba l\n")j 
• { if ( 'AddJIulticaat^AddrossdcHulti^AddrCO])) < 

WritoCVnNnSorry. Nulticaat Addraas Tablo is full!\n")i 

braakj 

> 




•ISO <, 

Urita("\n\nWould you liko to add anothor Hulticast Addrass?»)i 
HritaC <y or N> — > ">i 
if (!Yos<>) 
braaki 

> 

> 

> 




> 

RtfflOvaJ1ulticast( ) 
< 




for ( i i ) { 

Road_Addr( "\nEntsr tha Hulticast Addrsss that you want to dolata in Max — >". 

liHultt AddrC03. AODJ.EN); 

if < <nulti>ddrC03 «i 0x01) mm o> 

Urita("\n8orrv' tha L8B of tha Hulticast Addrass must ba l\n''>> 
• Isa < if (!DtUto Hulticast_Addrass(tenulti.Addri:03)) < 

Urita("\n\nSorrg« that Hulticast Addrass doasn't sxistlNn'*)) 

braaki 

> 




alsa -C 

Writa<"\n\nWould you like to dtlata another Hulticast Addrass?">< 
Writa(" <Y or N> — > ")» 
if <!Y*s()) 
braaki 

> 

> 




> 

> 


231421-58 



1-239 



inteT 



AP-235 



/PC0/U8R/CHUCK/C8RC/UAP. C 



Prlnt_Addr»»«»»C > 

< 

• truct MAT vpinati 
int itati 

Writ»<"\n This Stations Host Addrass is: •'>> 
Urito_Addr(8(WhoaffliCO]. ADD_LEN)) 

Mrito("\n Tht Addross of tho Dostination Nodo is: ">i 
Writ«„Addr<8cD«st_AddrC03» ADDJLEN)i 
Uritt<"\n This Stations L8AP Address is ")> 
Write_Addr(S(Ssap> i>i 

WritaC'Nn Tha Addrass of tha Dastination LSAP is. 
Urita^ddr(S(dsap» 1>; 
Stat - FALSEi 

for (pmat * «ematC03i pmat <« ScmatC«ULTI_ADDR_CNT - 13* pmat++) 
if <pmat>>stat mm xnUSE) < 
Stat - TRUE* 
braahi 

> 

if (Stat) < 

Write<"\n Tha follouing Multicast Addrassas ara anablad: ")» 
for (pmat « «cmatC03i pmat <» fcmatCMULTI_ADDR_CNT - 13. pmat++) 
if (pmat->stat -« INU8E) -C 

Writa_Addr(Scpmat-->addrC03. ADD_LEN>i 

WritaC 

> 

> 

alsa 

Writa("\n Thara ara no Multicast Addrassas anablad. \n" >i 

> 

Init OataLinkO 
< 

int stati 

if ((Stat » Init_Llc()) — PASSED) 

Writa("\n\nPassad Diagnostic Salf Tasts\n\n\n" )* 

alsa 

if (Stat «- FAILED^DIAGNOSE) 

Writa("\n\nFailad: Salf Tast Diagnosa Command\n" ) i 

alsa 

if (Stat »» FAILED_.LPBK_INTERNAL) 

Writa("\n\nFailad. Internal Loopbach Salf Tast\n")i 

also 

if (Stat »» FAILED_LPBK_EXTERNAL> 

Writa("\n\nFailad: External Loopback Salf TastSn")* 

else 

if (Stat »« FAILED_LPBK_TRANSCEIVER) 

Write( "\n\nFailed: External Loopback Through Transceiver Self Test\n")» 

> 

Init_Uap( ) 
< 

outb(OxEO. 0x31)i /♦initaliie 80130 pic - XCWl ♦/ 
outb(0xE2> 0x20) i /* ICWS •/ 
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outb(0sE2. 0x10)) /• ICW3 •/ 
outb(0xE2. OxOD)< /• ICW4 •/ 
outb(0xE2» 0x10)) /« XCU6 */ 
outb(OxE2. OxFF)) /* iMtfc all intarrupts «/ 




outii)(OxFF20. 0x0020) i /• tat 80186 vac tor bata •/ 




/* Initiallxa tha 80130 timara for Tarminal Moda */ 




outb(0xEE. 0x34)) 
outb(OxEB. 0x88)) 

outb<OxEe. OxOB)) /• 8Y8TICK sat for 1 msac •/ 

OMtb<OxEE< 0x70)) 
outb<OxEA. 129)) 

outb<OxEA« 0x00)) /• Timor 1 intarrupts avar\| . 129 sac */ 




/* Xnltialixa tha 8274 «/ 

outb<CH^_CTL. 0x10)) outb(CH_BjCTL* 0x28)) outb (CH_BjCTL, 0x30)i 
outb(CH_A CTLi 0x38)) 

outb<CH_B_CTL. 2)) outb<CHJi_CTL» «rbC23 - 0x14)) 
ootb<CH_P_CTL. 1)) ootb<CHJ_CTL, wrbCll • 0x19)) 
outb(CHJ9_CTL. 9)) outb <CH.B_CTL« MrbC93 - OxEA)) 




Writa("\n\n\n\n\n\n\n\n\n\n\n\n")) 

WritaC • 82986 IEEE 802.2/802.3 Compatibla Data Link Drivar *\n">i 
Writa<"\n\n\n\n\n\n\n")) 




InitJ)ataLink<)) 




dhax « FALSE) 
fflonitor^f lag ■ TRUE) 




Rftdio AQori zn^ Address or vn# Dds«tnATion NOd# in nvx -J i 

8cDast_Addrt03, ADD„LEN), 

Load_Lsap()) 




Raad_Addr("\n\nEntar tha Dastinatlon NOda's LBAP in Hax — > "> Scdsap. 1). 




Writa("\n\nDQ vou want to Load ang Multicast Addrassas? (Y or N) — >"). 




if (YasO) 

Load.MulticastO) 




Pr int_AddreBsas( )) 




Terminal_f1odaC) 

< 




int fraaia_cnti buf_cnt) 

struct TBD *ptbd. *q> *bagin_ptbd) 

char «pbuf« o 




Mrits<"\n Mould gou lika tha local acho on? <Y or N)~->")i 




If <Yas( > ) 
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local_«cho « TRUEj 

• lB» 

local.acho » FALSE) 




Writ«("\n Thift program will now antar tht tarminal moda. \n\n">i 
Writa<"\n Prast ''C than CR to raturn back to tha manu\n\n")} 




/• Initializa Fifo variablaa */ 




out fifo t « in fifo t « out^fifo r - in_fifo_r » Oi 
t_buf_»tat • EHPTYi r_buf_»tat • EMPTY> 




EO I. 80 130.82741 
Enabla Uart IntOi 
Enabla_Timar.Int<)> 
fflonltor.flag • FALSE) 
tfflstat « TRUE; 
whila (tmttat) < 




for (frame.cnt - 0) frama_cnt < MAX_FRAME_8IZE) q - ptbd) < 




whila (<ptbd « Oat TbdO) — pNULL); /« gat a xmit buffar from tha 

data link */ 

pbof » <char «) ptbd->buf f _ptr) /« point to tha buffar »/ 
buf_cnt ■ Oi 




if <frama_cnt ■« 0) < /♦ if thim is tha first buffar, add on IEEE 802.2 
haadar information »/ 

begin_jitbd * ptbd) 
*pbuf++ dsap) 
•pbuf-*"*- « atap) 
♦pbuf++ « Ul) 
buf cnt ■ 3) 




> 

alsa ii~!>link ■> Of f sat <ptbd >) /* if this isn't the first buffar 

link tha pravxous buffar with the new one */ 
/♦ fill up a data link umit buffar from async transmit fifo »/ 
for < i buf^cnt < TBUF.SIZE frame_cnt < MAX_FRAME_SIZE, 

buf_cnt++. pbuf++. frame^cnt-*-*) < 
if (frame_cnt •« 0 itk send.flag) 




while (t buf stat EMPTY)) /• wait until fifo has data «/ 
if (<c •"•pbuf « Fifo_T_Out<>> -» CR) < 

+-fbuf_,cnt i ++pbufi ♦+frame_cnt) 

break? 

> 




> 

if <c == CR 1! buf^cnt < TBUF_SIZE II send^flag) < /* last buffer in list ♦/ 
ptbd->act cnt » buf cnt 1 EOFBIT) 
send flag > FALSE, 
break) 

> 




> 

whi le< *Send_Frame<begin_ptbd/ tcDest.AddrCOl ) )) /* keep trying until 

successful «/ 

> 
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UX ••0 I •_w*tT_JITIT \ J i 

Di»«bl«_Tim«T_lnt<)i 
monltor_fl«g ■ TRUEi 

> 




struct TBD •Build^ramt (cnt) 
u^thort cnti 




< 

o_*hort buf_cnt» fr««»^cnt. ij 
struct TBD •ptbd* «q. *b»gin_jptbd) 
char «pbuf) 




1 ■ 0x20i frams^cnt » Oi 




for < J » q * ptbd> < 




wMl* <<ptbd - Oot^TbdO) — pNULL)> /« got a »mit buffor from th« 

data link */ 




pbuf » (char ♦) ptbd->buf f _j>tr. /« point to tha buffar ♦/ 
buf_cnt ■ 0» 




if (fraMt_cnt 0) < /* if this is tha first buffar, add on IEEE 802 2 
haadar information «/ 

bagin_j)tbd ptbdi 
*pbuf-*"«- " dsap* 
•pbuf-«>-»- " ssap; 
•pbuf"*"*- « UI) 
buf_cnt ■ 3j 




> 

• Isa q-Mink « Of f set (ptbd )> /« if this isn't tht first buffer 

link the previous buffer with the new one «/ 
/* fill up a data link xmit buffer with ASCII characters «/ 
for (j buf_cnt < TBUF_SIZE «(«< cnt > 0. 

i"*-+» buf_cnt+-*-» pbuf-«-+, cnt — » f rame_cnt++> < 
»pbuf ■ li ~ 
if (X > 0»7E) 
1 = OxlF; 

> 




if (cnt «■ 0) < /♦ last buffer in list »/ 
ptbd->«ct_cnt » buf_cnt 1 EOFBIT. 
breaks 

> 

> 

raturntbcgin _p t b d ) > 

> 




Monitor Mode( ) 




•C 

u_short xmit. cnt> i, 

struct TBD ♦Bu i ld_Frame ( > , *ptbd. 




WriteC* Do you want this station to transmit? (Y or N) — > ")» 
if (YesO) 
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for (xfflit - FALSE) xmit FALSE; > < 

WrittCNn Enttr tht numbtr of data bytas in tha frama — > 
cnt • Raad.IntO} 
if <cnt > 204S) 

Writa <"\n Sorry* tha numbar haa to ba laaa than 2046!\n">i 

alaa 

xmit - TRUEj 

> 

alaa xmit « FALSEi 

Writa<"\n Hit any hay to axit Monitor Moda. Sn\n«)» 

WritaC « of Good # of Good CRC Alignmant No RaceivaSn»)» 

WritaC Fra«aa Framaa Error* Errora Rasourca Ovarron\n" ). 

WritaC Tranamittad Racaivad Error* ErroraSn"), 

/* "0123496789012349678901234967890123496789012349678901234967890123496789012345678 
xxxxxxxxxx xxxxxxxxxx xxxx xxxx xxxx xxxx 

xxxxxxxx xxxxxxxx 

11 25 33 44 57 71 ♦/ 

for (i « Oj i < 79i i++) 

linaCi3 - 0x20) 
llnaC793 » CRj 
linaC803 «• '\0'j 

whila ((inb(CH_B CTL) «< 1) — 0> < 
for (i - Oi i < 72) i++) 

UnaCi3 « 0x20; 
Writa_Lon9_Int<Bood_xmit_cnt» 11); 
Writa_Lon8_Int(racv_frama_cnt. 25) i 
WritaJBhort_Int(»cb. crc_arr». 33)) 
Writa_Short_Int<»cb. aln_arr«. 44)) 
Wr ita_Short_Int <aeb. r»c_arr»* 97); 
Writa_Short_Int<acb. ovr„arrs* 71)) 
Writa(lilinaC03)) 
if <xmit) < 

ptbd <■ Build_Frama(cnt )) 

u)hile( !8*nd_Frama(ptbd. S(Dast_AddrCO] ) ); 

> 

> 

i « CiO) 

> 

H8_Xmit_Mod«( ) 

struct TBD «ptbdi 

Write<"\n Hit any kay to axit High Spaad Transmit Moda. \n\n")i 

ha a tat « TRUE; 
EoT 80130JB274. 
Enabia_Uart„Int< )) 

/* Exacuta this loop until a racv char intarrupt happands at Uart */ 
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uihilt (ht_»tat) < 

whilv ((ptbd • 0«t Tbd<)> pNULDi /• fl*t a xini^ buffer from 

tit* data link •/ 
ptbd->«ct_cnt t" EOFBIT) /« sat tb* End Of Pram* bit «/ 

whil«( •8«nd_Fram«(ptbd« liOa«t_AddrC03} >> /» S«nd Frama •/ 

> 

riB#bla_Uart_Int<)) 



Print.CntO 
< 

char chC113> basa. dwidth. width, ii 
untignad long tampj 

<dhey) < 
dwidth » 3: 
width - 4i 
ba*a > 16i 

> 

Ilia < 

basa " 10» 

Hwidth • lOi 
ttfXdth - 

> 

Writ*<"\n\n Good framat transmitted- ")t 
for <i - 1» i <- 11 - dwidthi i++) 
Co<SP). 

Int To_Afcii<good_««it_cnt, baa*. ' fcchCOJ, dwidth). 
10. i ■« dwidth - li i >- 0> i — ) 

Co<chLij)i 
UritaC* Good frames receivad: ")< 
for <i « 1> i <■ 15 - dwidth, 

Co<8P)i 

Int To Aacii <r*cv.frame_cnt. base. ' '» tcchCuj. dwidtH)» 
«or~(i~- dwidth - 1* i >- 0* i— > 

Write<"\n\n c»%C frort received: ")j 
for <i - iJ i <- 15 - width. i++) 

Co(SP)i 
temp ■ tcb crc_erre» 

Int To AeciKtemp. base. ' tichCO}. width); 
*or <1 - width - li i >- 0» i— ) 

r.-'rhri^); 

WriteC Aii^nment errors received: ">* 

for <i • 1» i <- 10 - u.ii^-hj i+-f) 

Co<8P)) 
temp > scb. aln_errsj 

Int_To_A*cii<temp. base. ' ' ;»».hL03. width)i 
for (i ■ width - 1 i ^- 0> i— ) 

Co<c»»ri ji, 

.. i<;tti"\n\n Out of Resource frames. ">i 
for <i ■ Ij i <« 12 - width} i++) 

Co(8P); 
temp " scb. rsc_errsi 

Int_To_Ascii(temp. base ' '» «cchCO]. width); 
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#0T <1 - width - li i >■ 0* i — ) 




Co(chCi])j 




WriteC R«c«iv«r overrun fr»m»«- "i. 




for <i - 1» i <- 12 - wi'^iU. a*+> 




. Co<SP); 




temp « i»cl». uvrj»TV%i 




int To_y^scii(t>mp. bast. ' '< «ichC03. width); 




for'"<i - width - 1; i >* 0* i— ) 




Co(chCi])i 




Writ«("\n\n B2586 R»»»t "> 




for (i - li I <» wiOthJ i+-»-) 








temp r«tot_cnti 




Int To_AtciiTt»mp» batoi ' tcchCOl. width); 




for~(i""« width - 1; i >* 0; i— ) 




Co(chCi])i 




WritcC Transmit (ind«rfun franitft: 




fn-r <i a 1; i k» 11 - width; i++) 




Co(SP)> 




ttmp *■ undcrrun_cnt; 




Int_To_Ascii<tomp. base. ' dchCOl* widt»»'. 




for""<i~« width - 1; i >» 0; i — ' 




Co(chCi3>i 




Writ*<"\n\n Lost CR8: "); 




for ii * 1; 1 <• 26 - width, i-^+) 




Co(SP); 




ttfflp ■ no^crs^cnt; 




Int_To_A»cii<tamp. bat*. ' 8«chC01» width); 




for""(i • width - 1; i >- 0 * — / 




Co(chCi3). 




Writ«<" SQE «rror»: 




tor (i » 1. i <■ 2S - width. i++) 




Co<SP); 




tamp « »qa_arr_cnt. 




Int_To_A»cii< tempi basa> ' '> n>ct\lQ2, width). 




for (i a width - i- i u; i — ) 




Co<chCi3). 




writa<"\n\n Maximum ratry "); 




for (i « 1; i <» 21 - width, i++) 




Co(SP), 




tamp " max col cnt; 




Int_To_Ascii<temp. base. ' '. «cchC03. width). 




for <i "» width ~ 1; i >■ 0; i — ) 




Co<chCi3)» 




UriteC Frames that deferred: "); 




for <i » 1; i <- 15 - dwidth. 




Co ( SP ) > 




Int_To_A»cii<dafer_cnt. base> ' ScchCO]. dwidth); 




for"'<i"'« dwidth - 1. i >« 0, x — ) 




Co<chCi3), 

> 




Print_Help( ) 
< 




Write <"\n\n Commands are. \n\n"); 




Write <" T - Terminal Mode M - Monitor Mode\n"), 
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Writ* (" X - High 8p»«d Transmit Hod* V/ - 


Change Transmit Btatif ticsVn" )» 




Writ* (" P - Print All Countsrt C - 


Clear All CountersNn" )i 




Writ* (" A Add • Hulticast Addrtst Z " 


Delete a Hulticast Address\n">> 




V4ritt <" 8 - Changt th« 86AP Addr««s D - 


Change the OSAP AddressNn" )i 




Writ* (" N - Changt Dtttination Nod* Addr»«t L - 


Print All AddressesVn" ) < 




Writ* (" R - R»-Initialii» th* Data Linh B - 

> 


Change the number BaseSn"); 




HainO 






< 






int a 






Init_Uap( >> 






Prlnt_H»lp( )i 






for <M ) < 






Writ* <"\n\n Enttr a command, typ* H for Halp 


— > " ) i 




c ■ Read_Char<)j 






•witch (Loiiitr.Ca«a(c ) ) < 






caaa 'h'. 






Print_Halp< >* 






breaki 






ca»a 'ffl': 






Honitor_HodB<)i 






braaki 






case 't'. 






Tarminal_Hod»< ). 






braaki 






cat* 't\ 






Hs_Xmit_Moda< >i 






braak» 






cat* 'v': 






WritaC'Vn Transmit Statistics ara now ")< 






if (flags, station «« 1) 






Writa<"on. \n Would you lik* to change 


it ? (Y or N> — > 




als* 






WriteC'off. \n Would you likt to chang* it <Y or N) — > ")i 




if (YasO) < 






if (flags, station — 1) 






flags. stat_on « 0; 






else flags, station » 1; 

> 






break; 






case 'p'. 






Print„Cnt( )i 






breaki 






case 'C. 






Clear_Cnt( )» 






breaki 






case 'a'. 






Load_Hulticast( >« 






break* 






case 'z'. 






Remove J1ulticaBt( )* 






break. 






case 's' 
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Lo«dJ-s«|i< >i 
cats 'd': 

Rf«d_Addr<*'Nn\nE*it»r th» D«»tin«tion Nod»'« LBAP in H»x — > «td»«p. i)i 
lircaki 
casa 'n': 

R«ad Addr<"\n\nEnt#r tht Addrass of tha Daitination Noda in Hax — > "» 

ScDaat^AddrCO], ADD_LEN)i 

braaki 
casa '1': 

Print_Addra«»aa< )J 

braak; 
casa 'r': 

Sof tw«ra_Ratat ( )i 

InitJDataLinkOi 

AddJDaap^ddrass<>aap« Racv_Data_l )i 
braaki 
casa 'b': 

Mrita<"\n Tha currant basa is ">i 
if (dhax -» TRUE) 

WTita<''Hax. \n Would gou lika to changa it ? <Y or N) — > 

alsa 

WritaC'Daciiiial. \n Would gou lika to changa it ? <Y or N> — > ")» 
if (YasO) < 

if (dhax mm TRUE) 
dhax - FALSEi 
aUa dhax « TRUEt 

> 

braaki 
dafault: 

Writa ("\n Unknouin comnand\n")i 
braak; 

> 
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n«m« 




•upport 




• t«ck 


«tgm«nt 


stack 'stack' 




•thtop 




word 




stack 


tndi 






DLDJ)ATA 


sagmsnt public 'DATA' 




• xtrn 


8E0MT_: 


word i data sagmant address 




DLD.DATA 


•nds 




UAP.DATA 


segmanv puoiic oaia 




UAP.DATA 


ends 




DLD_CODE 


segment public 'CODE' 






t»trn 


Isr^Timt out_: far. Isr_586^: far* Isr7_. far 






• xtrn 


Isr6_:far. IsrS_: far» Isrl_,. far 




DLD.CODE 


ends 




UAP.CODE 


segment public 'CODE' 






• «trn 


Isr_Uart_" far. Isr2^. far. Main^- far 




UAP_CODE 


ends 




D<l_CODE 




segment public 'CODE' 






public 


inw_, outw_. init_intv_i enable^. disable_. Build.JPtr.. 






public 


Offset^. begin> inb_. outb_ 




•rgl 


•qu 


CBP -f 6] 




•rg2 


•qu 


CBP + 83 






asftum* 


CS OQ CODE 






aftftuffl* 


DS:DLO_DATA 




j - 


initialisation program for tht 62566 data link drivar 




begin 










Bti 








fflOV 


ax. OLD^DATA ; get base of dgroup and 






mov 


BEOMT.. ax .pass the segment value to the c program 






mov 


ds> ax 






call Main_ i go to the c program 






hit 








proc 


far 






push 


BP 






mov 


BP. 8P 






pu<>h 


DX 






mov 


DX. argl 






m 


AL. OX 






pop 


DX 






mov 


SP. BP 
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pop 


BP 








r»t 








inb_ 


•ndp 








outb_ 


proc 


far 








push 


BP 








mov 


BP» 


SP 






push 


DX 








push 


AX 








mov 


DX> 


argl 






fflOV 


AX« 


argZ 






out 


DX< 


AL 






pop 


AX 








pop 


DX 








mov 


SP, 


BP 






pop 


BP 








rtt 








outb_ 


cndp 








inui^ 


proc 


far 








push 


BP 








mov 


BP. 


SP 






push 


DX 








mov 


DX> 


argl 






in 


AX> 


DX 






pop 


DX 








mov 


SPi 


BP 






pop 


BP 








r»t 










endp 








outw_ 


proc 


far 








push 


BP 








mov 


BP, 


SP 






push 


DX 








push 


AX 








mov 


DX. 


argl 






mov 


AX. 


arg2 






out 


DX. 


AX 






pop 


AX 








pop 


DX 








mov 


SP. 


BP 






pop 


BP 








ret 








outu»_ 


endp 








Buxld_Ptr_ 


proc far 






push 


BP 








mov 


BP, 


SP 






mov 


DX. 


DLD_DATA 






mov 


AX> 


argl 






mov 


SP. 


BP 






pop 


BP 








ret 








Duild_ 


Ptr_ 


endp 




Offset 


— proc 


far 
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BP 




mov 


BP> BP 




mov 


AX. argl 




mov 


8P, BP 




pop 


BP 




rot 






0^»fttt_ ondp 






»orvo_int_itr 


proc far 






AX 




push 


BX 




push 


CX 




push 


DX 




push 


SI 




push 


Dl 




put h 


D8 




push 


ES 




mov 


AX. DLD_DATA 




mov 


D8. AX 






E8« AX 




call 


I sr_986_ 




POP 


EB 




pop 


08 




pop 


bi 






81 




pop 


DX 




pop 


CX 




pop 


BX 






AX 




irot 






servo_int_iir 


•ndp 




»irvt_intjB274 


proc far 




push 


AX 




push 


BX 




push 


CX 




puth 


OX 




push 


SI 




push 


01 




push 


08 




push 


ES 




mov 


AX. UAP^DATA 




mov 


OS. AX 




mov 


E8. AX 




call 


Isr_Uart_ 




pop 


ES 




pop 


08 




pop 


01 




pop 


SI 




pop 


DX 
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pop 


CX 






pop 


BX 






pop 


AX 






irot 








••rvt_intjB274 


•ndip 






ttrvt_int_ti(n«out proc 


far 




puih 


AX 






push 


BX 






push 


CX 






pu«h 


DX 






pu«h 


81 






push 


DI 






push 


08 






push 


E8 






mov 


AX. DLDJ>ATA 






fflOV 


D8> AX 






fflOV 


E8. AX 






call 


Isr^Timsout^ 






pop 


E8 






pop 


08 






pop 


DX 






pop 


8X 






pop 


DX 






pop 


CX 






pop 


BX 






pop 


AX 






irtt 








strvs„int.tl«tout tndp 






Sfrvs_int7_isr 


proc far 






push 


AX 






push 


BX 






push 


CX 






push 


DX 






push 


81 






push 


01 






push 


08 






push 


E8 






mov 


AX, OLDJWSTA 






mov 


08. AX 






mov 


E8. AX 






call 


Isr7_ 






pop 


ES 






pop 


OS 






pop 


DX 






pop 


81 






pop 


OX 






pop 


CX 






pop 


BX 






pop 


AX 
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ir»t 






• •rv«_lnt7^i »r 


•ndp 






proc *mr 




push 


AX 




push 


BX 




pufth 


CX 




push 


DX 




push 


SI 




push 


DI 




push 


DS 




push 


ES 






AX» DLD DATA 




mov 


DS. AX 




mov 


E8, AX 




call 


Isr6_ 




pop 


ES 




pop 


OS 




pop 


DI 




pop 


81 




pop 


DX 




pop 


CX 




pop 


BX 




pop 


AX 




iret 






««rv»_int6_i »r 


■ndp 




••rv«_int5_itr 


proc far 




push 


AX 




push 


BX 




push 


CX 




push 


DX 




push 


SI 




push 


DI 




push 


DS 




push 


ES 




mov 


AX. DLD_DATA 




mov 


DS. AX 




mov 


ES. AX 




call 


I5r5_ 




pop 


ES 




pop 


DS 




pop 


DI 




pop 


SI 




pop 


DX 




pop 


CX 




pop 


BX 




pop 


AX 




iret 






SBrv»_int5_isr 


endp 
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••rv«_int2_i »r 


proc far 




pu«h 


AX 




push 


BX 




push 


CX 




puBh 


DX 




push 


81 




push 


DI 




push 


OS 




puth 


ES 




fflOV 


AX. UAP_DATA 






DS« AX 




mov 


E8, AX 




c«ll 


Isr2_ 




pop 


ES 




pop 


DS 




pop 


DI 




pop 


81 




pop 


DX 




pop 


CX 




pop 


BX 




pop 


AX 




irot 






«»rv«_int2^i »r 


•ndp 






PTOC faT 




push 


AX 




push 


BX 




push 


CX 




push 


DX 




push 


SI 




push 


DI 




push 


DS 




push 


ES 




mov 


AX, DLD^DATA 




mov 


DS. AX 




mov 


ES. AX 




call 


l5Tl_ 




pop 


ES 




pop 


DS 




pop 


DI 




pop 


SI 




pop 


OX 




pop 


CX 




pop 


BX 




pop 


AX 




ir»t 






serv»_intl_isr 


endp 




«nabl»_ proc 


far 
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tnabl«_ andp 






proc 


cli 




rtt 




ditabl«_ 


•ndp 


lnit_intv_ 


proc 


pu«h 


D8 


push 


AX 


tor 


AX. AX 


mov 


DS. AX 



i Interrupt typvt for the 186/91 COMMputtr 



mov 


D8 


word 


ptr 


80h. 


off»»t •trv»_int_B274 


i int 


0 


mov 


D8 


word 


ptr 


82h. 


DQ.COOE 






mov 


D8 


word 


ptr 


84h. 


offsot ••rv»_intl_l«r 


. int 


1 


mov 


D8 


word 


ptr 


86h. 


OQ_CODE 






mov 


D8 


word 


ptr 


88h. 


offtot ttrv* int2 isr 


i int 


2 


mov 


08 


word 


ptr 


8Ah. 


DQ.COOE 






mov 


D8 


word 


ptr 


8Ch. 


offftot ••rv«_lnt_iir 


, int 


3 


mov 


D8 


word 


ptr 


8Eh. 


DQ^CODE 






mov 


08 


word 


ptr 


90h, 


offtot ssrv* int timtout 


1 int 


4 


mov 


08 


word 


ptr 


92h> 


OQ_CDOE 






mov 


08 


word 


ptr 


94h. 


off tot ••rvo_int5_i«r 


. int 


5 


mov 


OS 


word 


ptr 


96h. 


DQ_CODE 






mov 


OS 


word 


ptr 


98h. 


offset serve int6 isr 


. int 


6 


mov 


08 


word 


ptr 


9Ah. 


DQ_CODE 






mov 


08: word 


ptr 


9Ch, 


offset serve_int7_isr 


i int 


7 


mov 


08: word 


ptr 


9Eh, 


OQ_CODE 







pop AX 
pop 08 
ret 

init_intv_ endp 
OQ.CODE ends 

end bei)in< ' d's*: dld.date. ss: st«ck : sthtop 
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PREFACE 

Inters three VLSI chip set, the 82586, 82501, and 
82502, is a complete solution for IEEE 802.3 lOM bps 
LAN standards— 10BASE5 (Ethernet) and 10BASE2 
(Cheapemet). The 82586 is an intelligent peripheral 
which completely manages the processes of transmit- 
ting and receiving frames over a network under the 
CSMS/CD protocol. The 82586 with its on-chip four 
DMA channels offloads the host CPU of the tasks re- 
lated to managing communication activities. The chip, 
for example, does not depend on the host CPU for time 
critical functions, such as transmissions/retransmis- 
sions and receptions of frames. The 82501 is a 10 MHz 
serial interface chip specially designed for the 82586. 
The primary function of the 82501 is to perform Man- 
chester encoding/decoding, provide 10 MHz transmit 
and receive clocks to the 82586, and drive the transceiv- 
er (AUI) cable in Ethernet applications. In addition, 
the 82501 provides a loopback function and on-chip 
watchdog timer. The 82502 is a CMOS transceiver 
chip. The 82502 is the chip which actually drives the 
coaxial cable used for Ethernet or Cheapemet. 

This Ap Note presents a design example of a simple but 
general Ethernet/Cheapemet board based on the three 
chip set. The board is called LANHIB (LAN High In- 
tegration Board) and uses an 80186 microprocessor as 
the host CPU. The LANHIB is an independent single 
board computer and requires only a power supply and 
ASCII terminal. Demo software, called TSMS (Traffic 
Simulator and Monitor Station) is also included in this 
Ap Note. The TSMS program is a network debugger 
and exercise tool used to exercise the 82586. In addi- 
tion, flowcharts for troubleshooting are provided in or- 
der to minimize debugging time of the LANHIB board. 

1.0 INTRODUCTION 

A brief overview of the CSMA/CD protocol is de- 
scribed in Section 2. Ethernet and Cheapemet are also 
compared in this section. 

Section 3 discusses hardware of the LANHIB in detail. 
This section should be helpful not only to understand 
the LANHIB, but also to learn in general how a system 
based on the three chip set can be put together. Since 
the 82502 involves analog circuitry, an explanation on 
proper layout is provided. 

Demo software is presented in Section 4.0. It covers 
EPROM programming procedures and three sample 
sessions. Step by step operations at a terminal are illus- 
trated in the figures. 

Section 5 describes LANHIB troubleshooting proce- 
dures. Flowcharts are used to guide troubleshooting. 



Complete LANHIB schematics and parts hst are found 
in Appendix A. If a LANHIB is to be built, the sche- 
matics and Section 5 can be submitted to an available 
wire wrap facility. In parallel to board constmction. 
Sections 3 and 4 can be studied. A factory wire wrap 
board for the LANHIB is offered at a discount price by 
Augat Corporation. Please return the enclosed card for 
more information. 

Listing of the TSMS program and LANHIB Initializa- 
tion Routine are in Appendix B. The source codes and 
related files are available on a diskette by returning the 
card enclosed in this design kit or through Insite (In- 
tel's Software Index and Technology Exchange Li- 
brary). 



2.0 ETHERNET/CHEAPERNET 
OVERVIEW 



2.1 CSMA/CD 

Carrier Sense Multiple Access with ColUsion Detection 
(CSMA/CD) is a simple and efficient means of deter- 
mining how a station transmits information over com- 
mon medium that is shared with other stations. 
CSMA/CD is the access method defined by the IEEE 
802.3 standard. 

Carrier Sense (CS) means that any station wishing to 
transmit "hstens" first. When the channel is busy (i.e., 
some other station is transmitting) the station waits 
(defers) until the channel is clear before transmitting 
("listen before talk'*). 

Multiple Access (MA) means that any stations wishing 
to transmit can do so. No central controller is needed to 
decide who is able to transmit and in what order. 

ColHsion Detection (CD) means that when the channel 
is idle (no other station is transmitting) a station can 
start transmitting. It is, however, possible for two or 
more stations to start transmitting simultaneously caus- 
ing a "collision". In the event of a collision, the trans- 
mitting stations will continue transmitting for a fixed 
time to ensure that all transmitting stations detect the 
collision. This is known as jamming. After the jam, the 
stations stop transmitting and wait a random period of 
time before retrying. The range of random wait times 
increases with the number of successive collisions such 
that collisions can be resolved even if a large number of 
stations are colliding. 

There are three significant advantages to the CSMA/ 
CD protocol. The first and foremost is that CSMA/CD 
is a proven technology. One CSMA/CD network, 
Ethemet, has been used by Xerox since 1975. Ethernet 
is so well understood and accepted that IEEE adopted 
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it (with minor changes) as the IEEE 802.3 lOBaseS (10 
Mbps, Baseband, 500 meters per segment) standard. 
RehabiHty is the second advantage to the 802.3 proto- 
col. This media access method enables the network to 
operate without central control or switching. Thus, if a 
single station malfunctions, the rest of the network can 
continue operation. Finally, since CSMA/CD networks 
are passive and distributed in nature, they allow for 
easy expansion. New nodes can be added at any time 
without reinitializing the entire network. 

2.2 Ethernet and Cheapernet 

The IEEE 802.3 Type 10BASE5 standard (Ethernet) 
has gained wide acceptance by both large and small 
corporations as a high speed (10 Mbps) Local Area 
Network. The Ethernet channel is a low noise, shielded 
50n coaxial cable over which information is transmit- 
ted at 10 million bits per second. Each segment of cable 
can be up to 500 meters in length and can be connected 
to longer network lengths using repeaters. Repeaters 
regenerate the signal from one cable segment onto an- 
other. At each end of a cable segment a terminator is 
attached. This passive device provides the proper elec- 
trical termination to eliminate reflections. The trans- 
ceiver transmits and receives signals on the coaxial ca- 
ble. In addition, it isolates the node from the channel so 
that a failure within the node will not affect the rest of 
the network. The transceiver is also responsible for de- 
tecting collisions — simultaneous transmissions by two 
or more stations. Ethernet transceivers are connected to 
the network coaxial cable using a simple tap, and to the 
station it serves via the transceiver cable which can be 



IEEE 802.3 1 TYPE 10BASE5 (ETHERNET) 

TYPE 10BASE2 (CHEAPERNET) 

I— TYPE 1 BASES (STARLAN) 

292010-1 

Figure 1. Different Implementations of IEEE 
802.3 (Note: "10BASE5", for example, implies 
10 Mbps, Baseband, and 500 meters span.) 



up to 50 meters in length. The transceiver cable is made 
of four individually shielded twisted pairs of wires. An 
Ethernet interface at a computer (DTE), which in- 
cludes a serial interface and data link controller, pro- 
vides the connection to the user or server station. It alsQ 
performs frame manipulation, addressing, detecting 
transmission errors, network link management, and en- 
coding and decoding of the data to and from the trans- 
ceiver. 

The IEEE 802.3 Type 10BASE2 (Cheapernet) has the 
same functional and electrical specifications as Type 
10BASE5 (Ethernet) with only two exceptions in physi- 
cal (or rather mechanical) characteristics. Cheapernet 
is as shown in Figure 1 just a different implementation 
of the IEEE standard. Ethernet and Cheapernet are 
both 10 million bits/second CSMA/CD LANs and use 
the identical network parameters, such as slot time = 
51.2 JUS. Ethernet and Cheapernet can, therefore, be 
built by the same VLSI components with the same soft- 
ware (Figure 2). 

The two physical differences attribute to the cost reduc- 
tion purpose of Cheapernet — cheaper implementation 
of Ethernet. First, the cable used in Cheapernet may be 
a lower cost 50n coaxial cable than the one for 
Ethernet. The most common coaxial cable for Cheaper- 
net is RG58 which cost about $0.15/ft. A typical 
Ethernet cable costs about $0.83/ft. 

Second, the transceiver is integrated into the DTE in 
Cheapernet. The coaxial cable physically comes to the 
DTE, connects to the transceiver within the DTE, and 
goes to the next DTE (see Figure 3). The kind of con- 
nector used at the DTE is an off-the-shelf BNC "T" 
connector. Topology is, therefore, a simple daisy chain- 
ing. This cabling scheme contributes to further cost re- 
duction due to omission of the Transceiver (AUI) Ca- 
ble, cheaper connectors, and easier installation. The 
Ethernet transceiver cable costs about $1.49/ft. More 
flexible thin coaxial cables and familiar BNC "T" con- 
nectors are making Cheapernet a user installable Ether- 
net compatible network. 
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ETHERNET CONTROLLER BOARD 
1 



TRANSCEIVER 
CABLE 



COAX CABLE 



TRANSCEIVER 



CHEAPERNET CONTROLLER BOARD 

I 



E CZ]0 



RG-58 
COAXIAL CABLE 



U 



Figure 2. 82586/82501/82502 in Etiiernet and Cheapernet 



DTE 



DTE 



ETHERNET 
CABLE 



DTE 



TRANSCEIVER 
CABLE 




DTE 



CHEAPERNET 
CABLE 



DTE 



TRANSCEIVER BOX 
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BNC "T" CONNECTOR 

292010-3 



Figure 3. Ethernet Cabling vs Cheapernet Cabling 
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Table 1. Differences between Ethernet and Cheapernet 





Ethernet 


Cheapernet 




(10BASE5) 


(lOBAScZ) 


uata Hate 


10 M Dits/sec. 


1 u M Dits/ sec. 


Baseband or 


Baseband 


Baseband 


DrOaUDanu 


^Mancnesierj 


\ivianunesierj 


uaDie Length 


500m 


loom 


per Segment 






Nodes per Segment 


100 


30 


Node Spacing 


2.5m 


0.5m 


Cable Type 


0.4 in diameter 50(1 


0.2 in diameter 50n 




Double Shielded 


Single or Double Shielded 




example: 


example: 




Ethernet Coax. 


RG 58 A/U or 






RG 58 C/U 


Transceiver Cable 


Yes, up to 50m 


No, not needed 


Capacitance 


4pF 


8pF 


per node 






Typical 


Clamp-on Tap Connector or 


BNC Female 


Connector 


Type N Plug Connector 


Connector 



Because of the lower quality cables and connectors used 
in Cheapernet, there are some drawbacks. The maxi- 
mum distance for one Cheapernet cable segment is only 
185m (600 feet), as compared to 500m (1640 feet) for 
Ethernet. The maximum number of nodes allowed for 
one Cheapernet cable segment is 30. Ethernet on the 
other hand allows a maximum of 100 nodes per seg- 
ment. A BNC "T" connector used in Cheapernet intro- 
duces more electrical discontinuity on the transmission 
line than the clamp-on tap connector widely used for 
Ethernet. The maximum capacitance load allowed at a 



Cheapernet connection is 8 pF, while it is 4 pF for 
Ethernet. These differences are summarized in Table 
1.0. 

Since Ethernet and Cheapernet share the same func- 
tional and electrical characteristics, both may be mixed 
in a network as shown in Figure 4. In this hybrid 
Ethernet/Cheapemet network, it is important to keep 
the network propagation delay within 46.4 ju,s. The net- 
work may be expanded as required within this round 
trip propagation delay Hmit. Ethernet, for example, 
may serve as a backbone for Cheapernet in a hybrid 
Ethernet/Cheapernet network. 



DTE 




DTE 




DTE 



CABLE 



DTE 



REPEATER 



TRANSCEIVER 
CABLE 



O 



DTE 



[J==t=t=0=i=0 



REPEATER 



// ETHERNET 
if CABLE 

tri==o 



0 



DTE 




DTE 




DTE 



CHEAPERNET 
CABLE 

=0 
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Figure 4. Ethernet/Cheapernet Hybrid Networl( 
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CONFIGURATION 
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r— yl RAMHI 
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ROM 
(64 K BYTES) 



RAM 

(16K BYTES) 
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3.0 ETHERNET/CHEAPERNET NODE 
DESIGN 

Details on LAN High Integration Board (LANHIB) 
design are presented in this section. The LANHIB is an 
82586/80186 shared bus board and can be configured 
to Ethernet or Cheapernet. The 82586 is used in mini- 
mum mode to reduce chip count. 

the reader is advised to refer to the 80186, 82586, 
82501, and 82502 data sheets. Basic understanding of 
the 80186 microprocessor is assumed. Figure 5 shows 
the block diagram of the LANHIB. Schematics are in 
Appendix A. 



3.1 82586 (Min Mode) Interface to the 
80186 

The 82586 ca n be placed in minimum mode by strap- 
ping the MN/MX pin to Vcc- In the minimum mode, 
the c hip d irectly provi des all bus control signals — ALE, 
RD, WR, DT/R, and DEN, saving the 8288 Bus Con- 
troller. The 80186, which is the only other bus master 
on the shared bus, also generates these bus control sig- 
nals directly. The HOLDs and HLDAs of these two 
chips are connected together so that only one of the two 
bus masters can exclusively drive the bus at a time un- 
der the HOLD/HLDA protocol Except for the ALE, 
all bus signals including address and data lines float 
when the chip does n ot hav e control of the bu s. In this 
design example, RDs, WRs, DT/R and DEN from the 
two chips are connected together respectively. ALEs 



from the two chips are connected to an OR-gate to 
generate a system ALE. Multiplexed address data lines 
AD0-AD15 and address lines A15-A19 of the two 
chips are also connected line by line correspondingly. 



3.2 82586 Address Latch Interface 

Figure 6 shows the timing of the address signals with 
respect to the ALE signal. The ALE of the 82586 is 
OR-ed with the ALE of the 80186 and the result is 
connected to the latch enable inputs of Octal Transceiv- 
er Latches. The latches transfer the input data to the 
output as long as the latch enable is high, and captures 
the input data into the latch when the latch enable goes 
low. In this timing diagram, the setup and hold times of 
the input data (82586 address) required by the address 
latch can be verified. Estimating 7 ns of propagation 
delay in the 74S32, the setup time is T38 + 7, which is 
32 ns at 8 MHz. The hold time for A19 is shorter than 
the other address Hues because it is valid only during 
Tl. The hold time for the A 19 is T4 - T36 - 7, which 
is 3 ns. The hold time for the other address lines is T39 
— 7, which is 38 ns. In this design, a 74F373 was cho- 
sen to latch address lines A16-A19 and two 74LS373s 
were used to latch address lines ADO- AD 15. Required 
setup and hold times of the 74F and 74LS 373s are 
summerized in Table 2. 

Note that address lines A16-A18 and BHE of the 
82586 are not really needed to be latched. These lines 
stay valid for an entire memory cycle. 



T29 
0-55 ns 



T35 
0-45 ns 



Tl 
125 ns 



\ r 



DELAY IN - 
OR GATE 
<7ns@250C 



"^ (VALIDAigy VALID S6 



DC 



VALID BHE. A16-A18, A20-A23 



VAILD A0-A15 



0-45 ns 
T36 



T30 
0-50 ns 



T39 

45 ns MIN 



T38 

25 ns MIN 



SETUP TIME FOR HOLD TIME FOR 
74F373 AND 74LS373 74F373 AND 74LS373 



292010-8 



Figure 6. 82586 Address Timing 
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Table 2. 74F and 74LS Data Setup and Hold Time Specifications at 25*^0 





74F373 


74LS373 


Unit 




MIn 


Norn 


Max 


Min 


Norn 
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Data Setup Time 


2i 












ns 


Data Hold Time 


34. 






20 i 






ns 



3.3 80186 Address Latch Interface 

The address latch used by the 82586 is shared by the 
80186. Figure 7 shows the 80186 address line timing 
with respect to the ALE. Again estimating 7 ns delay in 
the 74S32, the setup time for the latch is TAVAL + 7 
and the hold time is TLLAX — 7. These are 37 ns and 
23 ns respectively at 8 MHz. Comparing to the required 
values shown in Table 2, it is quite obvious that the 
setup and hold times of the latch are met by wide mar- 
gins^ Note that the 80186*s address lines A16-A18 and 
BHE are not valid for an entire memory cycle; there- 
fore, they have to be latched. 



demultiplexed valid address (output of the address 
latch), therefore, becomes available after T29 + 18 
measuring from the beginning of Tl (Figure 8). The 
demultiplexed address remains valid until the ALE of 
the next memory access becomes active. Upper address 
lines, A 14 through A20, are connected to a 16L8 PAL, 
which provides address decode logic for all memory 
devices. The PAL truth table is in Appendix A. The 
PAL has a maximum of 35 ns propagation delay, so 
chip selects will become active after 55 + 18 + 35 ns 
(max.) from the beginning of Tl as indicated in Figure 
8. Since address decode logic is implemented by a PAL, 
any memory expansion would only require a repro- 
gramming of this PAL. 



3.4 82586 Memory Interface 

The 74LS373 has a delay of 18 ns for input data to 
reach the output assuming the latch enable is high. A 



Two 74LS245 bus tr ansceiver chips are controlled by 
the DT/R and DEN. Output enable and disable times 
of the 74LS245 are 40 and 25 ns respectively. The max- 
imum propagation delay when the output enable is ac- 
tive is 12 ns. 
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Figure 8. 82586 Memory Interface Timing 
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Figure 10. LANHIB Memory Map 



Address access time is 3 X Tl - T29 - 18 - T8 - 
12 + n X Tl, where n is the number of wait states. For 
0 wait states operation at 8 MHz, it is 270 ns minimum. 
Chip select access time is 3 X Tl - T29 - 18 - T8 
- 12 + n X Tl - 35, which is 235 ns for 0 wait state 
operation. Command access time for a read cycle is 2 X 
Tl - T40 - T8 - 12 + n X Tl, which is 123 ns. 
Address setup time for a write cycle is Tl — T29 — 18 
+ T23, which is 52 ns minimum. 

To meet these timing requirements, 2764-20s must be 
used for ROM. Static RAM chips, HM6264P-15, offer 
very wide timing margins and were selected for this 
design. 



3.5 80186 Memory Interface 

Figure 9 shows the timing of the 80186 memory inter- 
face. By comparing this figure to Figure 7, it is easy to 
notice that the 80186 offers a little faster bus interface. 
For example, TCLRL which is equivalent to T40 (0 to 
95 ns) of the 82586 is specified as 10 to 70 ns. Since the 
memory choice satisfies the 82586 memory timing pa- 
rameters, it also satisfies the 80186 memory timing pa- 
rameters. 



3.6 Memory Map 

With 2764-20 EPROMs and 6264P-15 SRAMs, this 
board has 32 K bytes of ROM space and 16 K bytes of 
RAM space. Memory map is given in Figure 10. If 
27128-20 EPROMs are used, the ROM space becomes 
64 K bytes. 

3.7 80186 I/O Interface 

3.7.1 82586 CHANNEL ATTENTION 
GENERATION 



The active low Peripheral Chip Select 0 (PCSO) was 
used to generate a channel attention (CA) signal to the 
82586. This way of CA generation satisfies the require- 
ment that the width of a CA which must be wider than 
a clock period of the system clock. 

3.7.2 82586 HARDWARE RESET PORT 



PCSl of the 80186 will reset the 82586 if any I/O com- 
mand is executed using this I/O chip select. 

3.7.3 82530 INTERFACE 

82530 interface to the 80186 was derived from the de- 
sign example presented in the 82530 SCC-80186 Inter- 
face Ap Brief. This document is attached to this Ap 
Note as Appendix C. 



3.7.4 82501 LOOPBACK CONFIGURATION 
PORT 

A 74LS74 D-type flip flop was used for this port. On 
power up, it configures the 82501 to Non-Loopbac k 
mode by providing a high level to pin 3 (LOO PBAC K). 
The chip select is gen erated from the 80186's PCS2 and 
the sychronized WR command of the 82530 interface. 
The least significant bit of I/O output data becomes the 
state of the 82501's pin 3. 

3.7.5 ON-BOARD INDIVIDUAL ADDRESS PORT 

To provide the 82586 a hardware configured host ad- 
dress, a 32x8 ROM is connected to the bus. The chip 
select for this ROM is generated from the 80186's 
PCS3, so that the address for the ROM is mapped into 
the I/O space. Six or two (IEEE 802.3 specified address 
lengths) consecutive I/O reads starting from the lowest 
address of ROM will transfer the board address stored 
in the ROM to an lA-Setup command block of the 
82586. 



3.8 82586 Ready Signal Generation 

82586 asynchronous ready (ARDY) signal is generated 
from a shift register. The shift register provides the 
82586 a "normally ready" signal. When a wait state is 
needed, the ready signal is dropped to the low state. As 
shown in Table 3, the 82586 can be programmed to 
have 0 to 8 wait states by setting the DIP switch prop- 
erly. Even though the on-board memory devices are 
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Table 3. DIP Switch Settings for Various 
Numbers of 82586 Walt States 
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1 = Switch Open 
0 = Switch Closed 



fast enough for 0 wait states operation, this program- 
mable wait state capability was added so that the effect 
of wait states on the 82586 performance could be evalu- 
ated. 



3.9 82501 Circuits 

Since the 82501 is designed to work with the 82586, no 
interfacing circuits are required. 

The transceiver cable side of the 82501 requires some 
passive components. The receive and collision differen- 
tial inputs must be terminated by 78n ±5% resistors. 
Common mode voltages on these differential inputs are 
established internally. 240n ±5% pull down r esistors 
must be connected on the TRMT and TRMT output 
pins. 

A 0.022 juiF ± 10% capacitor connected between pin 1 
and 2 of the 82501 is for the analog phase-locked loop. 

Connected between the XI and X2 pins is a 20 MHz 
parallel resonant quartz crystal (antiresonant with 20 
pF load fundamental mode). An internal divide-by-two 
counter generates the 10 MHz clock. Since both Ether- 
net and Cheapernet tolerate an error of only ±0.01% 
in bit rate, a high quality crystal is recommended. The 
accuracy of a crystal should be equal to or better than 
±0.002% @ 25°C and ±0.005% for 0-70°C. A 
30-35 pF capacitor is connected from each crystal pin 
(XI and X2) to ground in order to adjust effective ca- 
pacitance load for the crystal, which should be about 
20 pF including stray capacitance. 

3.10 82502 Circuits 

3.10.1 ISOLATION AND POWER 
REQUIREMENTS 

The IEEE 802.3 standard requires an electrical isola- 
tion within the transceiver (MAU). Cheapernet 



(10BASE2) requires the isolation means to withstand 
500V ac, rms for one minute. Ethernet (10BASE5) re- 
quires 250 Vrms. This electrical isolation is normally 
accomplished by transformer coupling of each signal 
pair. The kind of transformers recommended for the 
82502 are the pulse transformers which have a 1 : 1 turn 
ratio and at least 50 microhenry inductance. PE64102 
and PE64107 manufactured by Pulse Engineering are 
found to be good selections for this purpose. The PE 
64102 offers 500 Vrms isolation. The PE64107 offers 
2000 Vrms isolation. Both products provide three 
transformers in one package. Even though the current 
Type 10BASE5 specification requires only 250 Vrms, it 
is very common to have a higher isolation, at least 500 
Vrms, in transceivers. 

The standard specifies the voltage input level and maxi- 
mum current allowed on the power pair of the trans- 
ceiver cable. The voltage level may be between 
+ 11.28V dc and + 15.75V dc. The maximum current 
is limited to 500 mA. Since the 82502 requires + lOV 
± 10% and + 5V ±10% as power, there has to be a 
DC/DC converter. In addition the DC/DC converter 
must be isolated due to the requirement described 
above. The DC/DC converter should be able to supply 
about 100 mA on the + lOV line and 60 mA on the 5V 
line. The efficiency required in the converter is, there- 
fore, ((IIV X 100 mA + 5.5V X 60 mA) / ((11. 28V 
- 0.5A X 4a) X 500 mA)) X 100 = 31% worst 
case. 4Cl is the maximum round trip resistance the pow- 
er pair may have. 82502's CMOS process is the major 
contributor to this low DC/DC efficiency requirement. 

Since the DC/DC converter has an isolation transform- 
er inside, the output voltages are all floating voltages. 
The OV output of the converter, for example, has no 
voltage relationship with the DTE's ground. The Vss 
and AVss pins of the 82502 should be connected to the 
OV output of the DC/DC converter which is the 
82502's ground (reference voltage). 

Both Pulse Engineering and Reliability Incorporated 
produce DC/DC converters that meet the 82502's re- 
quirements. The Pulse Engineering's part number is 
PE64369 (enclosed in this design kit). The device mea- 
sures about 1.5" X 1.5" x 0.5" and provides 2000 Vrms 
breakdown. The Reliabihty's part number is 
2E12R10-5. Preliminary data sheets are available from 
Reliability. 

3.10.2 OTHER PASSIVE AND ACTIVE DEVICES 
FOR THE 82502 

A 78n ± 5% resistor is required to terminate the trans- 
mit pair of the Transceiver cable. The chip has an inter- 
nal circuit that establishes a common mode voltage, 
thus no voltage divider is required. The receive and 
collision pair drivers need pull up resistors. A 43.2 
± 1% resistor must be connected from each output pin 
to +5V. 
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A 243 n ±0.5% precision resistor is required on the 
REXT pin to the ground. The accuracy of this resistor 
is very important since this resistor is a part of current 
and voltage reference circuits in the analog sections of 
the 82502. 

Grounding the HBD (Heartbeat Disable) pin will allow 
the chip to perform Signal Quality Error check (Heart- 
beat) as required by the IEEE 802.3, The chip will 
transmit the collision presence signal after each trans- 
mission during Interframe Spacing (IPS) time. In a re- 
peater application, this feature is disabled (HBD = 
+ 5V). 

Diodes connected on the CXTD pin are to reduce the 
capacitive loading onto the coaxial cable. One diode is 
sufficient, but two will provide a protection in case one 
bums out (Short Circuit). The diode should have about 
2 pF shunt capacitance at Vd = OV and be able to 
handle at least 100 mA when biased in forward direc- 
tion. A few candidates are 1N5282, 1N3600, and 
1N4150. 

A lOOfl fusible resistor connected on the CXRD pin is 
purely for protection. It is there as a fuse, not as a 
resistor. The 82502 works without this resistor. The 
IEEE 802.3, however, states that "component failures 
within the MAU (Media Attachment Unit or Trans- 
ceiver) electronics should not prevent communication 



among other MAUs on the coaxial cable.'* It is recom- 
mending a transceiver design that minimizes the proba- 
bility of total network failure. The fusible resistor will 
provide an open circuit in an event of excess current. A 
short circuit from the CXRD pin to ground will not 
bring down the network due to the blown fuse. 

A 1 Mfl resistor connected between the coaxial cable 
shield and the Transceiver cable shield will provide a 
static discharge path. The Ethernet coaxial cable 
should also have an effective earth ground at one point 
in a network as required by the standard. A 0.01 juiF in 
parallel to the 1 M(l resistor provides ground for RF 
signals. 

3.10.3 LAYOUT CONSIDERATION FOR THE 
82502 CIRCUITS 

It is strongly recommended that the board have a spe- 
cial ground plane for the 82502 (see Figure 1 1). The OV 
(reference) output of the isolated DC/DC converter 
should be connected to the ground plane. The Vss and 
AVss pins of the 82502 should be connected to the 
ground plane with minimum lead wires. 

There should be a 0.22 juiF capacitor connected between 
the coaxial cable shield and ground. The signal path 
from the coax, shield through the 0.22 jixF capacitor to 



GROUND PLANE FOR 82502 



+ 12V - 



OV- 



+IN 



ISOLATED 
DC/DC 
CONVERTER 



+ 10V 
+5V 




VCC VDD 
AVCC 



82502 



VSS 
AVSS 



Figure 11. Ground Plane for the 82502 
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the ground should be kept as short as possible — leads of 
the 0.22 jaF capacitor should be as short as possible. 

The path length from the CXTD pin through two di- 
odes to the center conductor of the coax should also be 
minimized. 

These are recommendations which will produce a more 
reliable circuit if followed carefully. Remember that the 
82502 has analog circuits in it. 

4.0 DEMONSTRATION SOFTWARE 

The demonstration software included in this Ap Note is 
called "Traffic Simulator and Monitor Station" 
(TSMS) program. The TSMS program is written in 
PL/M and has the following features: 

1. Programmable network load generation 

2. Network statistical monitoring capabilities 

3. Interactive command execution of all 82586 com- 
mands 

4. Interactive buffer monitoring 

The environment created with the TSMS program was 
found to be very useful for network debugging and oth- 
er individual station's hardware and software debug- 
ging. The TSMS software listing is found in Appendix 
B. 

NOTE: 

The 82586 Date Link Driver presented in AP Note 
235 also runs on the LANHIB. Please refer to the Ap 
Note for detailed operations of the software. 



4.1 Programming PROMs to Run the 
TSMS Program 

By returning the card enclosed in this kit or by contact- 
ing Insite, the TSMS program and related batch files 
can be obtained on a diskette. TSMS related files that 
are on the diskette are: 

READ.ME 

TSMS.PLM 

lO.PLM 

INI186.PLM 

LANHIB.BAT 

SBC.BAT 

IUPHIB.BAT 

IUPSBC.BAT 

HI.BYT 

LO.BYT 

ROM.BAT 

The READ.ME file contains instructions for program- 
ming PROMs. HI.BYT and LO.BYT are the files 
which can be downloaded to PROMs directly. These 
files are already configured for the LANHIB. The 



batch file ROM.BAT invokes the Intel PROM Pro- 
gramming Software (iPPS) under the DOS operation 
system and programs two 2764 EPROMs. The Intel 
Universal Programmer must be placed in ON-LINE 
mode. 

Other files contained in the diskette are for compiling 
and locating the original TSMS program. Using these 
files, the original TSMS program can be changed or can 
be compiled for an iSBC 186/51. TSMS.PLM' is the 
original TSMS source program. lO.PLM' contains the 
lO driver needed when the TSMS program is run on 
the iSBC 186/51. INI186.PLM is the LANHIB initiali- 
zation routine. LANHIB.BAT is the batch file that 
compiles, links, and locates the TSMS program and the 
LANHIB initialization routine. SBC.BAT compiles, 
links, and locates the TSMS program and the lO driver 
for the iSBC 186/51. IUPHIB.BAT programs two 
2764s for the LANHIB. IUPSBC.BAT programs two 
2764s for the iSBC 186/51. 

Therefore, if the TSMS program is to be run on the 
LANHIB (Demo board), steps required are: 

1. C:> LANHIB 

2. C:>IUPHIB 

If the TSMS program is to be run on the iSBC 186/51, 
steps required are: 

l.OSBC 

2. C:>IUPSBC 



4.2 Capabilities and Limits of the 
TSMS Program 

The TSMS program initializes the LANHIB Ethernet/ 
Cheapemet station by executing 82586's Diagnose, 
Configure, lA-Setup, and MC-Setup commands. The 
program asks a series of questions in order to set up a 
linked list of these 82586 commands. After initializa- 
tion is completed, the program automatically starts the 
82586's Receive Unit (monitoring capability). Trans- 
missions are optional (traffic simulation capabihty). 

The TSMS program has two modes of operation: Con- 
tinuous mode and Interactive Command Execution 
mode. The program automatically gets into the Contin* 
uous mode after initialization. The Interactive Com- 
mand Execution mode can be entered from the Contin- 
uous mode. Once entered in the Continuous mode, the 
software uses the format shown iti Figure 12 to display 
information. Detailed description of each of these fields 
is as follows: 

Host Address: host (station) address used in the most 
recently prepared lA-Setup command. The software 
simply writes the address stored in the lA-Setup com- 
mand block with its least significant bit being in the 
most right position. Note that if the lA-Setup com- 
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**************************** station Configuration ************************ 

■ Host Address: 00 AA 00 00 18 60 
Multicast Address (es): Nb Multicast Addresses Defined 
Destination Address: FF FF FF FF FF FF 
Frame Length: 118 bytes 

Time Interval between Transmit Frames: 159.4 microseconds 
Network Percent Load generated by this station: 35.7 % 
Transmit Frame Terminal Count: Not Defined 

82586 Configuration Block: 08 00 26 00 60 00 F2 00 00 40 
***************************** Station Activities ************************** 

# of Good # of Good CRC Alignment No Receive 

Frames Frames Errors Errors Resource Overrun 

Transmitted Received Errors Errors 

10130 0 0 0 0 0 

292010-14 



Figure 12. Continuous Mode Display 



mand was just set up and not executed, the address 
displayed in this field may not be the address stored in 
the 82586. 

Multicast Address(es): multicast addresses used in the 
most recently prepared MC-Setup command. As in the 
case of host address, the software simply writes the ad- 
dresses stored in the MC-Setup command block. Note 
that if the MC-Setup command was just set up and not 
executed, the addresses displayed in this field may not 
be the addresses stored in the 82586. 

Destination Address: destination address stored in the 
transmit command block if AL-LOC=0. If 
AL-LOC= 1, destination address is picked up from the 
transmit buffer. The least significant bit is in the most 
right poisition. 

Frame Length: transmit frame byte count including 
destination address, source address, length, data, and 
CRC field. 

Time Interval Between Transmit Frames: approximate 
time interval obtainable between transmit frames (Fig- 
ure 13). The number is correct if there are no other 
stations transmitting on the network. 

Network Percent Load Generated by This Station: 

approximate network percent load that is generated by 
this station (Figure 13). The number is correct if there 
are no other stations transmitting on the network. 

Transmit Frame Terminal Count: number of frames 
this station will transmit before it stops network traffic 
load generation. If this station is transmitting indefi- 
nitely, this field will be *Not Defined'. 

82586 Configuration Block: configuration parameters 
used in the most recently prepared Configure com- 
mand. As in the case of lA-Setup command, the soft- 



ware simply writes the parameters from the Configure 
command block. The least significant byte (FIFO Lim- 
it) of the configuration parameters is printed in the 
most left position. 

# of Good Frames Transmitted: number of good 
frames transmitted. This is a snap shot of the 32-bit 
transmit frame counter. It is incremented only when 
both C and OK bits of the transmit command status are 
set after an execution. The counter is 32-bit wide. 

# of Good Frames Received: number of good frames 
received. This is a snap shot of the 32-bit receive frame 
counter. It is incremented only when both C and OK 
bits of a receive frame descriptor status are set after a 
reception. The counter is 32-bit wide. 

CRC Errors: number of frames that had a CRC error. 
This is a snap shot of the 16-bit CRC counter main- 
tained by the 82586 in the SCB. 

Alignment Errors: number of frames that had an align- 
ment error. This is a snap shot of the 16-bit alignment 
counter maintained by the 82586 in the SCB. 

No Resource Errors: number of frames that had a no 
resource error. This is a snap shot of the 16-bit no re- 
source counter maintained by the 82586 in the SCB. 

Receive Overrun Errors: number of frames that had a 
receive overrun error. This is a snap shot of the 16-bit 
receive overrun error counter maintained by the 82586 
in the SCB. 

If the station is actively transmitting, # of good frames 
transmitted should be incrementing. If the station is 
actively receiving frames, # of good frames received 
should be incrementing. In this continuous mode, a 
user can see the activities of the network. 
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1^ TIME FOR ONE FRAME TRANSMISSION (X) 



TIME BETWEEN 
FRAMES (Y) 



PREAMBLE, DA, SA, LENGTH, DATA, ORG 



CD 



292010-15 



Network Percent Load = 



Figure 13. Network Percent Load 



Hitting any key on the keyboard while the program is 
running in the Continuous mode will exit the mode. 
The program will respond with a message *Enter Com- 
mand (H for Help) — ^ In this Interactive Com- 
mand Execution mode, a user can set up any one of the 
82586 action commands and/or execute any one of the 
82586 SCB control commands. Setting up a Dump 
command and executing a SCB Command Unit Start 
command will, for example, execute the Dump com- 
mand. Display commands are also available to see the 
contents of the 82586's data structure blocks. A display 
command will enable a user to see the contents of the 
82586*s dump (see Section 6.3). 

Typing *E' after 'Enter command (H for help) — > 
executing a SCB Command Unit Start command with a 
transmit command, or executing a SCB Receive Unit 
Start command will exit the Interactive Command Exe- 
cution mode. The program will be back in the Continu- 
ous mode. Using this Interactive Command Execution 
mode, one can, for example, reconfigure the station and 
come back to the Continuous mode. Section 6 lists ac- 
tual example executions of the TSMS program. 

The TSMS program should be run in an 8 MHz system. 
The software running at 8 MHz with a maximum of 2 
wait states has been tested and verified to be able to 
receive back-to-back frames separated by 9.6 microsec- 
onds and still keep track of the correct number of 
frames received. This capability, for example, can be 
used to find out exactly how many frames a new station 
in the network had transmitted. 

The software does not perform extensive loopback tests 
and hardware diagnostics during the initialization. A 
loopback operation can be performed interactively in 
the Interactive Command Execution mode. 

The software allows a user to set up only 8 multicast 
addresses maximum. It is not possible with this pro- 
gram to set up more than 8 multicast addresses. 

The command chaining feature of the 82586 is not used 
in the Interactive Command Execution mode. Each 
command setup performed by a *S' command after 'En- 
ter command (H for help) — > ' sets up a command 
with its EL bit set, I bit reset, and S bit reset. Diagnose, 
Configure, lA-Setup, and MC-Setup commands are 
chained together during the initiahzation routine and 
executed at once with only one CA. 



The software sets up 5 Receive Frame Descriptors 
linked in a circular Ust. Therefore, a user can see only 
the last 5 frames the station has received. It also sets up 
5 receive buffers, each being 1514 bytes long, linked in 
circle. Therefore, the 82586 never goes into the NO 
RESOURCES state. 



4.3 Example Executions of the TSMS 
Program 

This section presents three example executions of the 
TSMS program. When the TSMS program needs a 
command to be typed, it asks a question with * — > *. 
Anything after * — ^ ' is what a user needs to type in on 
the keyboard. To switch from the continuous mode to 
the interactive command execution mode, type any key 
on the keyboard. 

4.3.1 EXAMPLE 1: EXTERNAL LOOPBACK 
EXECUTION 

In this example, 500 external loopback transmissions 
and receptions are executed (Figure 14). In order for 
the software to process each loopback properly, a large 
delay was given between transmissions. 

4.3.2 EXAMPLE 2: FRAME RECEPTION IN 
PROMISCUOUS MODE 

The 82586 is configured to receive any frame that exists 
in the network (Figure 15). In this example, the station 
received 100 frames. 

4.3.3 EXAMPLE 3: 35.7% NETWORK TRAFFIC 
LOAD GENERATION 

The station is programmed to transmit 118 byte long 
frames with a time interval of 159.4 microseconds in 
between (Figure 16). The network load is about 35.7 
percent if no other stations are transmitting in the net- 
work. 

A key was hit to enter the Interactive Command Exe- 
cution mode. In that mode, a Dump command was 
executed and the result was displayed. After the Dump 
execution, a transmit command was set up again and 
the station was put in the Continuous mode. 
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Traffic Simulator and l\/lonitor Station Program 



Initialization begun 



Configure command is set up for default values. 

Do you want to change any bytes? (Y or N) ==> Y 

Enter byte number (1 - 11) ==> 4 

Enter byte 4 (4H) ==> A6H 

Any more bytes? (Y or N) =«> Y 

Enter byte number (1 - 11) «=> ii 

Enter byte 11 (BH) -»> 6 

Any more bytes? (Y or N) ««> N 

Configure the 586 with the prewired board address «> N 

Enter this station's address in Hex »»> 000000002200 

You can enter up to 8 Multicast Addresses. 

Would you like to enter a Multicast Address? (Y or N) ==> N 

You entered 0 Multicast Address (es). 

Would you like to transmit? 
Enter a Y or N Y 

Enter a destination address in Hex «> 000000002200 
Enter TYPE «»> 0 

How many bytes of transmit data? 
Enter a number »«> 2 

Transmit Data is continuous numbers (0, 1, 2, 3, ... ) 
Change any data bytes? (Y or N) ««> N 
Enter a delay count —> 10000000000 
The number is too big. 

It has to be less than or equal to 65535 (FFFFH) . 
Enter a number ««> 60000 

Setup a transmit terminal count? (Y or N) ==> Y 
Enter a transmit terminal count ==> 500 

Destination Address; 00 00 00 00 22 00 
Frame Length: 20 bytes 

Time Interval between Transmit Frames! 30.18 miliseconds 
Network Percent Load generated by this station: .0 % 
Transmit Frame Terminal Count: 500 

Good enough? (Y or K) ««> Y 

Receive Unit is active. 

292010-16 



Figure 14. Externai Loopbacl( Execution 
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Transmit Command Block- 

0000 at 033E 

8004 

FFFF 

034E 

2200 

0000 

0000 

0000 



Hit <CR> to countinue 
transmission started! 



**************************** station Configuration ************************* 
Host Address: 00 00 00 00 22 00 

Multicast Address (es): No Multicast Addresses Defined 
Destination Address: 00 00 00 00 22 00 
Frame Length: 20 bytes 

Time Interval between Transmit Frames: 30.18 miliseconds 
Network Percent Load generated by this station: .0 % 
Transmit Frame Terminal Count: 500 

82586 Configuration Block: 08 00 A6 00 60 00 F2 00 00 06 
***************************** station Activities *************************** 



# of Good 
Frames 
Transmitted 
500 



# of Good 
Frames 
Received 
500 



CRC 

Errors 
0 



Alignment 
Errors 

0 



No 

Resource 

Errors 

0 



Receive 
Overrun 
Errors 
0 
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Figure 14. External Loopback Execution (Continued) 
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Traffic Simulator and lUlonitor Station Program 



Initialization begun 



Configure command is set up for default values. 

Do you want to change any bytes? (Y or N) «=> Y 

Enter byte number (1 - 11) ==> 9 

Enter byte 9 (9H) «> 1 

Any more bytes? (Y or N) »=> N 

Configure the 586 with the prewired board address ««> Y 
You can enter up to 8 Multicast Addresses. 

Would you like to enter a Multicast Address? (Y or N) ==> N 
You entered 0 Multicast Address (es). 

Would you like to transmit? 
Enter a Y or N =»> N 

Receive Unit is active. 



****4t********:k************** station Configuration ************************ 

Host Address: 00 AA 00 00 18 6D 

Multicast Addressees): No Multicast Addresses Defined 

82586 Configuration Block: 08 00 26 00 60 00 F2 01 00 40 

*-k*ifk'k*'k'k'kifk***ifk*it*it*****'kit* Station Activities ************************** 



# of Good # of Good CRC 

Frames Frames Errors 

Transmitted Received 

0 100 0 



Enter command (H for help) ==> D 

Command Block or Receive Area? (R or C) 
Frame Descriptors: 
4000 at 036C AOOO at 0382 AOOO at 0398 



0000 0000 0000 

0382 0398 03AE 

03DA 03E4 03EE 

2200 2200 2200 

2200 2200 2200 

0000 0000 0000 



Alignment No Receive 

Errors Resource Overrun 

Errors Errors 

0 0 0 



=«> R 

AOOO at 03AE AOOO at 03C4 

0000 0000 

03C4 036C 

03F8 0402 

2200 2200 

2200 2200 

0000 0000 
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Figure 15. Frame Reception in Promiscuous Moae 
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0000 
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Receive Buffer Descriptors: 
























C064 at 03DA 


0064 at 


03E4 


O064 


at 03EE 


0064 at 


03F8 0064 


at 0402 




03E4 


03EE 






03F8 






0402 




03DA 








040C 


09F6 






OFEO 






150A 




1BB4 








0000 


0000 






0000 






0000 




0000 








05DC 


05DO 






05DO 






05DO 




05DO 








Display the receive buffers? (Y or N) 




> Y 
















Receive Buffers: 






























Receive Buffer 0 






























002C:014C 00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


00 


OD 


OE 


OF 


002C:015C 10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


lA 


IB 


10 


ID 


IE 


IF 


002C:016C 20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


2A 


2B 


20 


2D 


2E 


2F 


002C:017C 30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


3A 


3B 


30 


3D 


3E 


3F 


002C:018C 40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


002C:019C 50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


002C:01AC 60 


61 


62 


63 


























Hit <CR> to countinue 




























Receive Buffer 1 






























002C:0736 00 


01 


02 


U J 






UO 


u / 


08 


09 


UA 


OB 


00 


OD 


OE 


OF 


0020:0746 10 


11 


12 


X J 




15 


16 


17 


18 


19 


lA 


IB 


10 


ID 


IE 


IF 


0020:0756 20 


21 


22 




24 


25 


26 


27 


28 


29 


2A 


2B 


20 


2D 




2F 


0020:0766 30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


3A 


3B 


30 


3D 


3E 


3F 


0020:0776 40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


0020:0786 50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


0020:0796 60 


61 


62 


63 


























Hit <0R> to countinue 




























Receive Buffer 2 






























0020: 0D20 00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


00 


OD 


OE 


OF 


0020: 0D30 10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


lA 


IB 


10 


ID 


IE 


IF 


0020: 0D40 20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


2A 


2B 


20 


2D 


2E 


2F 


0020: 0D50 30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


3A 


3B 


30 


3D 


3E 


3F 


0020: 0D60 40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


0020: 0D70 50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


0020: 0D80 60 


61 


62 


63 


























Hit <0R> to countinue 




























Receive Buffer 3 






























0020: 130A 00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


00 


OD 


OE 


OF 


0020: 131A 10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


lA 


IB 


10 


ID 


IE 


IF 


002O:132A 20 


21 


22 


23 


24 


25 


26 


27 


28 


29 


2A 


2B 


20 


2D 


2E 


2F 


0020: 133A 30 


31 


32 


33 


34 


35 


36 


37 


38 


39 


3A 


3B 


30 


3D 


3E 


3F 


002O:134A 40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


40 


4D 


4E 


4F 


0020: 135A 50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 


50 


5D 


5E 


5F 


002O:136A 60 


61 


62 


63 


























Hit <0R> to countinue 
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Figure 15. Frame Reception in Promiscuous IVIode (Continued) 
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Receive Buffer 4 : 



002C:18F4 


00 


01 


02 


03 


04 


05 


002C:1904 


10 


11 


12 


13 


14 


15 


002C:1914 


20 


21 


22 


23 


24 


25 


002C:1924 


30 


31 


32 


33 


34 


35 


002C:1934 


40 


41 


42 


43 


44 


45 


002C:1944 


50 


51 


52 


53 


54 


55 


002C:1954 


60 


61 


62 


63 







Hit <CR> to count inue 



Enter command (H for help) «=> E 



06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


16 


17 


18 


19 


lA 


IB 


IC 


ID 


IE 


IF 


26 


27 


28 


29 


2A 


2B 


2C 


2D 


2E 


2F 


36 


37 


38 


39 


3A 


3B 


3C 


3D 


3E 


3F 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


56 


57 


58 


59, 


5A 


5B 


5C 


5D 


5E 


5F 



**************************** station Cofiguration ************************* 

Host Address: 00 AA 00 00 18 6D 

Multicast Address (es): No Multicast Addresses Defined 

82586 Configuration Block: 08 00 26 00 60 00 F2 01 00 40 

***************************** station Activities ************************** 

# of Good # of Good CRC Alignment No Receive 

Frames Frames Errors Errors Resource Overrun 

Transmitted Received Errors Errors 

0 100 0 0 0 0 

292010-20 

Figure 15. Frame Reception in Promiscuous lUlode (Continued) 
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Traffic Simulator and i\/lonitor Station Program 



Initialization begun 



Configure command is set up for default values. 

Do you want to change any bytes? (Y or N) ««> N 

Configure the 586 with the prewired board address ««> Y 

You can enter up to 8 Multicast Addresses. 

Would you like to enter a Multicast Address? (Y or N) «-> N 

You entered 0 Multicast Address (es). 

Would you like to transmit? 
Enter a Y or N ««> Y 

Enter a destination address in Hex «-> FFFFFFFFFFFF 
Enter TYPE ==> 0 

How many bytes of transmit data? 
Enter a number «=> 100 

Transmit Data is continuous numbers (0, 1, 2, 2, ... ) 
Change any data bytes? (Y or N) »■> N 

Enter a delay count «> 0 

Setup a transmit terminal count? (Y or N) ==> N 

Destination Address; FF FF FF FF FF FF 
Frame Length: 118 bytes 

Time Interval between Transmit Frames: 159.4 microseconds 
Network Percent Load generated by this station: 35.7 % 
Transmit Frame Terminal Count: Not Defined 

Good enough? (Y or N) »=> Y 

Receive Unit is active. 

Transmit Command Block 

0000 at 033E 

8004 

FFFF 

034E 

FFFF 

FFFF 

FFFF 

0000 



Hit <CR> to countinue 



Figure 16. 35.7% Network Load Generation 
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transmission started! 



**************************** station Configuration ************************ 

Host Address: 00 AA 00 00 18 6D 

Multicast Address (es): No Multicast Addresses Defined 

Destination Address: FF FF FF FF FF FF 

Frame Length: 118 bytes 

Time Interval between Transmit Frames: 159.4 microseconds 
Network Percent Load generated by this station: 35.7 % 
Transmit Frame Terminal Count: Not Defined 

82586 Configuration Block: 08 00 26 00 60 00 F2 00 00 40 
***************************** station Activities ************************** 



# of Good # of Good CRC 
Frames Frames Errors 

Transmitted Received 
10459 0 0 

Enter command (H for help) =»> H 



Alignment No Receive 

Errors Resource Overrun 

Errors Errors 

0 0 0 



Commands are: 

S - Setup CB D - Display RFD/CB 

P - Print SCB C - SCB Control CMD 

L - ESI Loopback On N - ESI Loopback Off 

A - Toggle Number Base 

Z - Clear Tx Frame Counter 

Y - Clear Rx Frame Counter 

E - Exit to Continuous Mode 



Enter command (H for help) «=> S 

Enter command block type (H for help) ==> H 

Command block type: 
N - Nop I - lA Setup 

C - Configure M - MA Setup 

T - Transmit R - TDR 

D - Diagnose S - Dump Status 

H - Print this message 

Enter command block type (H for help) S 
Enter command (H for help) -=> C 

Do you want to enter any SCB commands? (Y or N) ==> Y 

Enter CUC ==> 1 

Enter RES bit ==> 0 

Enter RUC ==> . 0 

Issued Channel Attention 



Enter command (H for help) ==> D 



Figure 16. 35.7% Network Load Generation (Continued) 
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Command Block or Receive Area? (R or C) ==> C 

Dump Status Command Block 

AOOO at 0364 

8006 

FFFF 

27D6 



Dump Status Results 
at 27D6 



00 


£8 


3F 


26 


08 


60 


00 


FA 


00 


00 


40 


FF 


6D 


18 


00 


00 


AA 


00 


40 


20 


00 


00 


00 


00 


FF 


FF 


FF 


FF 


B5 


9£ 


EE 


CF 


62 


63 


3F 


BO 


00 


00 


00 


00 


00 


00 


00 


00 


FF 


85 


08 


FC 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


00 


70 


03 


06 


00 


DC 


05 


00 


00 


OC 


04 


DC 


05 


E4 


03 


DA 


03 


DA 


03 


78 


05 


82 


03 


6C 


03 


F8 


03 


64 


80 


D6 


27 


£8 


21 


FF 


FF 


4E 


03 


06 


80 


FF 


FF 


64 


03 


00 


00 


D2 


02 


00 


00 


00 


00 


00 


00 


00 


00 


D6 


27 


00 


01 


00 


28 


00 


00 


00 


00 


30 


26 


00 


00 


20 


00 


40 


06 


30 


01 


00 


00 


90 


00 


10 


01 


00 


00 


6C 


03 


00 


00 


6A 


03 


OE 


00 


6C 


28 


00 


00 


74 


03 


00 


00 


00 


00 


00 


00 


00 


00 


00 


CO 


00 


00 


00 


00 















Enter command (H for help) ==> S 

Enter command block type (H for help) -=> T 

Enter a destination address in Hex — > FFFFFFFFFFFF 

Enter TYPE ««> 0 

How many bytes of transmit data? 
Enter a number =«> 100 

Transmit Data is continuous numbers (0, 1, 2, 3, ... ) 
Change any data bytes? (Y or N) ==> N 

Enter a delay count «=> 0 

Setup a transmit terminal count? (Y or N) ==> N 

Destination Address: FF FF FF FF FF FF 
Frame Length: 118 bytes 

Time Interval between Transmit Frames: 159.4 microseconds 
Network Percent Load generated by this station: 35.7 % 
Transmit Frame Terminal Count: Not Defined 

Good enough? (Y or N) Y 

Enter command (H for help) =«> C 

Do you want to enter any SCB commands? (Y or N) Y 

Enter CUC ==> 1 

Enter RES bit ==> 0 

Enter RUC «=> 0 

Issued Channel Attention 

292010-23 



Figure 16. 35.7% Network Load Generation (Continued) 
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**************************** station Configuration ************************ 

Host Address: 00 AA 00 00 18 6D 

Multicast Address (es): No Multicast Addresses Defined 

Destination Address: FF FF FF FF FF FF 

Frame Length: 118 bytes 

Time Interval between Transmit Frames: 159.4 microseconds 
Network Percent Load generated by this station: 35.7 % 
Transmit Frame Terminal Count: Not Defined 

82586 Configuration Block: 08 00 26 00 60 oo W2 00 00 40 
***************************** station Activities ************************** 



# of Good # of Good CRC Alignment No Receive 

Frames Frames Errors Errors Resource Overrun 

Transmitted Received Errors Errors 

106020 0 0 0 0 0 
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Figure 16. 35.7% Network Load Generation (Continued) 



5.0 IN CASE OF DIFFICULTY 

This section presents methods of troubleshooting ("de- 
bugging") a LANHIB board. When a LANHIB board 
is powered up with the TSMS program stored in 
EPROMs, it should display "TRAFFIC SIMULA- 
TOR AND MONITOR STATION PROGRAM" 
message on a terminal screen. If the message is not 
displayed, the board has to be debugged. Section 5.1 
describes basic 80186/82586 system troubleshooting 
procedures. Section 5.2 is for troubleshooting 82501 
and 82502 circuits. After the 80186/82586 system is 
debugged, the 82501/82502 circuits have to be tested. 



5.1 Troubleshooting 80186/82586 
System 

Shown in Figure 17 is a flow chart for troubleshooting 
80186/82586 system. The procedure requires an oscil- 
loscope. A logic analyzer is needed if problems appear 
to be serious. The procedures will debug the board to 
the point where the 82530 is initialized properly. If the 
82530 can be initialized properly, ROM and RAM in- 
terfaces must be functioning. Board initialization rou- 
tines (INI186.PLM) linked to the TSMS program re- 
quires ROM and RAM accesses. Since the 82586 
shares most of the system with the 80186, no special 
debugging is required for the 82586. Wiring of all 
82586 parallel signal pins should, however, be checked. 

The flow chart branches to two major paths after the 
first decision box. One path debugs the RS-232 channel 



and the other d ebugs th e 80186/82586 system. The 
waveform of the TRXCB output of the 82530 deter- 
mines which path to be taken. If the 82530 is getting 
programmed properly, there should be 153.6 KHz 
(1/f = 6.51 juLs) clock on this output pin. If there is a 
clock, the problem is probably in the RS-232 interface. 
If there is no clock, then the system has to be debugged 
using a logic analyzer. 



5.2 Troubleshooting 82501/82502 
Circuits 

If the TSMS program runs on the LANHIB but the 
82586 is not able to transmit or receive, there must be a 
problem in 82501/82502 circuits. The flow chart in 
Figure 19 will guide troubleshooting in these circuits. 
An oscilloscope is required. 

The board should be configured to Cheapernet and dis- 
connected from the network. Two terminators will be 
required to terminate a "P' BNC connector providing 
an effective load resistance of 25n to the 82502. 

The 82586 must have the system and transmit clocks 
running upon reset. Since the transmit clock is generat- 
ed by the 82501, the 82501 transmit clock output pin 
(pin 16) should be checked. The TSMS program exe- 
cutes 82586's Diagnose, Configure, lA-Setup, and MC- 
Setup commands during initialization. If the 82586 has 
active CRS (Carrier Sense) signal, it cannot complete 
execution of these commands. The 82501 sh ould, there- 
fore, be checked if it is generating inactive CRS signal 
to the 82586 after power up. The LANHIB powers up 
the 82501 in non-loopback mode. 
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After making sure that the 82501 is generating proper 
signals to the 82586, the TSMS program is restarted 
with an initialization shown in Figure 20. The 82586 is 
configured to EXT.LPBK=1, TONO-CRS=l, and 
MIN-FRM-LEN = 6. The chip is also loaded with a 
destination address identical to the source address. If 
there are no problems in the 82501/82502 circuits, the 
station will be receiving its own transmitted frames. If 
problems exist, the station will only be transmitting. 
Since the 82586 is configured to TONO-CRS (Trans- 
mission On NO Carrier Sense), the chip will keep trans- 



START ^ 



mitting regardless of the state of carrier sense. The 
82501/82502 circuits can then be probed with an oscil- 
loscope at the locations indicated in Figure 21. Probing 
will catch problems like wiring mistakes, missing load 
resistors, etc. 

Once the station is debugged, it can be connected to the 
network. If there is a problem in the network, the 
82586*s TDR command can be used to find the location 
and nature of the problem. 



YES 



c 



START DEMO 



IS "TRAFFIC SIMUUTOR AND 
MONITOR STATION PROGRAM" 
MESSAGE ON CRT? 



NO 



J 



YES 



(HAVE AN OSCILLOSCOPE READY) 



CHEC K CLOCK WAVEFORM ON THE 
TRXCB PIN(PIN 26) OF THE 82530 
USING AN OSCILLOSCOPE. 
IS IT 153.6 KHz (1/f = 6.51 ^sec.) 
SQUARE WAVE? 



NO 



(A LOGIC ANALYZER 
MAY BE REQUIRED.) 



CHECK RS-232 DRIVER & 
RECEIVER CHIPS. ARE THEY 
CONNECTED PROPERLY? NOTE 
THAT THE 1488(75188) 
REQUIRES +12V & -12V AND 
THAT THE 1489(75189) 
REQUIRES ONLY +5V. 



CHECK RS-232 DCE & DTE 
CONNECTIONS. THE LANHIB IS 
A DCE AND AN ASCII TERMINAL 
I^S A DTE. ONLY PIN2(TXD), 
3(RXD), AND 7(GR0UND) ARE 
USED. 



CHECK CONFIGURATION OF THE 
ASCII TERMINAL. BAUD RATE 
SHOULD BE SET TO 9600. 
ALSO 8 BITS/CHAR, NO PARITY, 
AND 2 STOP BITS/CHAR. 



c 



START DEMO 



CHECK CLOCK WAVEFORM ON THE 
FOLLOWING PINS: 

1. CLKOUT PIN(PIN 56) OF 80186 
THIS SHOULD BE 8 MHz 50% DUTY 
CYCLE MOS CLOCK. 

2. CLK PIN(PIN 32) OF 82586. 

THIS CLOCK IS PROVIDED BY 80186. 

3. CLK PIN(PIN 20) OF 82530. 
THIS SHOULD BE 4 MHz CLOCK. 



CHECK SIGNAL LEVELS OF THE FOLLOWING 
80186 INPUT PINS. 

1. RES PIN(PIN 24) SHOULD BE HIGH 
AFTER POWER UP RESET. 

2. NMI PIN(PIN 46) SHOULD BE LOW. 

3. SRDY PIN(PIN 49) SHOULD BE HIGH. 

4. ARDY PIN(PIN 55) SHOULD BE HIGH. 

5. HOLD PIN(PIN 50) SHOULD BE LOW. 
82586 IS NOT INITIALIZED YET. 
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Figure 17. Flowchart for 80186/82586 System Troubleshooting 
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CONNECT A LOGIC ANALYZER ON THE 
MULTIPLEXED BUS. 

1. pONNE C T AD15-AD0, A LE. RDj_WR, ROMHI 
ROMLO, RAMHI. RAMLS, AND CS PIN(PIN 33) 
OF 82530- 

2. USE CLKOUT OF 80186 TO CLOCK THE 
LOGIC ANALYZER. SAMPLE DATA ON RISING 
EDGES. 

3. TRIGGER THE LOGIC ANALYZER ON ALE 
BECOMING HIGH. 

SHOWN IN FIGURE 1 8 IS AN EXAMPLE OF A 
LOGIC ANALYZER TRACE. COMPARE WHAT'S 
OBTAINED TO THE ONE IN FIGURE 18. 
IF DIFFERENT, POSSIBLE PROBLEMS ARE: 

1. HIGH BYTE EPROM AND LOW BYTE EPROM 
ARE SWAPPED. 

2. ADDRESS/DATA LINES ARE NOT CONNECTED 
PROPERLY. 

3. ADDRESS DECODE PAL IS NOT PROGRAMMED 
PROPERLY. 

etc. 



CHECK IF 82530 IS GEHING INITIALIZED PROPERLY 
ON THE LOGIC ANALYZER. TRY OTHER_ LOGIC 
ANALYZER TRIGGERING EVENT, e.g. CS PIN(PIN 33) 
OF 82530 BECOMING LOW. 

MAKE SURE THERE IS 153.6 KHz(l/f = 6.51 pLsec.) 
SQUARE WAVE ON TRXCB(PIN 26) OF 82530. 



I » I 

1 



CHECK RS-232 DRIVER & 
RECEIVER CHIPS. ARE THEY 
CONNECTED PROPERLY? NOTE 
THAT THE 1488(75188) 
REQUIRES +12V & -12V AND 
THAT THE 1489(75189) 
REQUIRES ONLY +5V. 



CHECK RS-232 DCE & DTE 
CONNECTIONS. THE LANHIB IS 
A DCE AND AN ASCII TERMINAL 
IS A DTE. ONLY PIN2(TXD), 
3(RXD), AND 7(GR0UND) ARE 
USED. 



CHECK CONFIGURATION OF THE 
ASCII TERMINAL. BAUD RATE 
SHOULD BE SET TO 9600. 
ALSO 8 BITS/CHAR, NO PARITY. 
AND 2 STOP BITS/CHAR. 



C 



START DEMO 
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Figure 17. Flowchart for 80186/82586 System Troubleshooting (Continued) 
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■ AD15-AD0 

■ ALE 

■ m 

■ WR# 

- ROMHI# 

- ROMLO# 

- RAMHI# 
RAMLO# 
CS# PIN (PIN 33) OF 82530 



THESE ARE MEMORY CHIP SELECTS 



. LOGIC ANALYZER IS TRIGGERED ON ALE = HI. 
. 80186 JUMPS TO FFFOH AFTER RESET. 
. JMP INSTRUCTION (DIRECT INTERSEGMENT) 

SEGMENT OFFSET = 0006H 

SEGMENT SELECTOR = FFCOH 

(80186 INSERTS 3 WAIT STATES BEFORE 
UMCS REGISTER IS PROGRAMMED.) 



. JUMPED TO FC06H 
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Figure 18. Example of Logic Anaiyzer Trace 
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c 



START 



DISCONNECT COAX. PUT TERMINATORS ON 
BOTH ENDS OF "T" CONNECTOR. MAKE SURE 
THE BOARD IS CONFIGURED TO CHEAPERNET. 



YES 



RUN TSMS PROGRAM. 



UPON POWER UP, DOES 
82501 GENERATE: 

1. 10MHz TxC AND RxC 
TO 82586? 

2. INACTIVE CR5 
TO 82586? 



NO 



YES 



WHEN A TRANSMISSION IS 
AHEMPTED. DOES THE TSMS 
PROGRAM DISPLAY "NO 
CARRIER SENSE" MESSAGE? 



NO 



POWER DOWN AND RE- 
START TSMS PROGRAM 
WITH 82586 CONFIGURED 
TO: 

1. EXT-LPBK=1 

2. TONO-CRS = 1 

3. MIN-FRM-LEN = 6 
EXECUTE LOOPBACKS BY 
USING DESTINATION ADDR 
SAME AS SOURCE ADDR. 
TRANSMIT ONLY A FEW 
DATA BYTES. 



82501/82502 CIRCUITS 
MUST BE WORKING O.K. 
IF THE STATION IS STILL 
NOT RECEIVING, CHECK 
STATION'S DESTINATION 
AND SOURCE ADDRESSES, 
CONFIGURATION OF 82586. 



AN EXAMPLE EXECUTION 
IS SHOWN IN FIGURE 20. 



IF THE STATION IS NOT 
RECEIVING WHILE IT'S 
TRANSMiniNG, THERE IS 
A PROBLEM. PROBE 
SIGNALS AT LOCATIONS 
SHOWN IN FIGURE 21. 
IT'S PROBABLY A WIRING 
PROBLEM. 



MAKE SURE THE 82501 IS 
POWERED UP IN NON- 
LOOPBACK MODE. 



C 



BOARD SHOULD BE FUNCTIONAL. 



3 
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Figure 19. Flowchart for 82501/82502 Circuits Troubleshooting 
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Traffic Simulator and i\/lonitor Station Program 



Initialization begun 



Configure command is set up for default values. 

Do you want to change any bytes? (Y or N) «■> Y 

Enter byte number (1 - 11) -■> 4 

Enter byte 4 (4H) — > A6H 

Any more bytes? (Y or N) --> Y 

Enter byte number (1 - 11) — > 9 

Enter byte 9 (9H) — > 08H 

Any more bytes? (Y or M) — > Y 

Enter byte number (1 - 11) — > 11 

Enter byte 11 (BH) — > 6 

Any more bytes? (Y or N) -■> N 

Configure the 586 with the prewired board address »»> N 

Enter this station's address in Hex -«> 000000002200 

You can enter up to 8 Multicast Addresses. 

Would you like to enter 9 Multicast Address? (Y or N) «=> N 

You entered 0 Multicast Address (es). 

Would you like to transmit? 
Enter a Y or N »-> Y 

Enter a destination address in Hex »■> 0000000022 00 
Enter TYPE ««> 0 

How many bytes of transmit data? 
Enter a number »«> 2 

Transmit Data is continuous numbers (0, 1, 2, 3, ... ) 
Change any data bytes? (Y or N) «-> N 
Enter a delay count »=> 0 

Setup a transmit terminal count? (Y or N) »=> N 

Destination Address: 00 00 00 00 22 00 
Frame Length: 20 bytes 

Time Interval between Transmit Frames: 159.4 seconds 
Network Percent Load generated by this station: 11.0 % 
Transmit Frame Terminal Count: Not Defined 

Good enough? (Y or N) — > Y 
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Figure 20. TSMS initialization for 82501/82502 Circuits Troubleshooting 
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APPENDIX A 
LANHIB SCHEMATICS 
PARTS LIST 
PAL EQUATIONS 
DIP SWITCH SETTINGS 
WIRE WRAP SERVICES 
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PAKTS LIST 


REFERENCES 


DESCRIPTION 


PART NO 


CODE 


QTV 


Ul 


IC 


74S32 


OBD 





U2 


IC 


74LS04 


OBD 


— i 


U3, U4 


IC 


74LS245 


OBD 


2 


U5 


IC 


74F373 


OBD 


1 


U6, U7 


IC 


74LS373 


OBD 


2 


U8 


IC 


80186 


INT 


1 - 


U9 


IC 


82586 


INT 




uie 


IC 


16L8 


OBD 


1 


Ul 1 


IC 


74LS02 


OBD 




U12, U27 


IC 


74LS74 


OBD 


2 


U28 


IC 


74AS74 


OBD 


1 


U13 


IC 


74LS165 


OBD 


1 


U14 


IC 


82501 


INT 


1 


UlS 


Pulse Tr&nsrormer Pack 


PE64102 


PE 




U16 


IC 


82502 


INT 


1 


U17 


DCXDC Converter 


PE64369 


PE 




UlS U20 


IC, 64K-Bxt EPROh 


2764-20 


INT 


2 


U26 


IC 


74AS08 


OBD 


1 


U22, U2:- 


IC, SRAM 


HM6264- 15 


HIT 


2 


U24 


IC, 256-Bit PROM 


TBP18S030 


TI 




U25 


IC 


74AS04 


OBD 


1 


U29 


IC 


82530 


INT 


1 


U30 


IC 


1489 


OBD 




U31 


IC 


1488 


OBD 




U32 


IC, IM-Bit EPROM <Optional> 


27210 


INT 


1 


R1-R3- R6 
R19, R2e 


Resistor, lOK ohm, 1/4U, 5!^ 


COML 


OBD 


6 


R4 


Resistor, 100K ohm, 1/4U, SK 


COML 


OBD 


1 


R5 


Resistor, 2 2K ohm, 1/4U, SX 


COML 


OBD 


1 


R7, R8- R12 


Resistor, 78 7 ohm, 1/8W, IJJ 


COML 


OBD 


3 


R9, R10 


Resistor, 248 ohm, 1/4W, 57J 


COML 


OBD 


2 


Rll 


Resistor, IM ohm, 1/4U, 
750Udc <min>, S'/. 


COML 


OBD 


1 


R13-R16 


Resistor, 43 2ohm 1/8U, IX 


COML 


OBD 


4 


R17 


Resistor, 100 ohm. Fusible 

1/8W, sy. 


COML 


RCD 


1 


R18 


Resistor, 243 ohm, 1/8U, 0 


COML 


OBD 


1 


R21, R22 


Resistor, 5K ohm, 1/4U, SX 


COML 


OBD 


2 


RPl 


Resistor Pack, IK ohm, 16 pin 


COML 


OBD 


1 


R23-R26 


Resistor, IK ohm, 1/4W, SX 


COML 


OBD 


4 


Cl, C2 


Capacitor, 20pF, 100U, SX 


COML 


OBD 


2 


C3 


Capacitor, 10uF, 20U 


COML 


OBD 


1 


C4, C5 


Capacitor, 30pF, 100U, SX 


COML 


OBD 


2 


C6 


Capacitor, 0 022uF, 50U 


COML 


OBD 




C7 


Capacitor, 1 0uF, 50U 


COML 


OBD 




Cl 1 , C12 


Capacitor, 0 01uF, 50U 


COML 


OBD 


2 


C10 


Capacitor, 0 01uF, 2K0 


COML 


OBD 


1 


C8, C9 


Capacitor, 0 22uF, 50U 


COML 


OBD 


2 


CRl 


Diotfe 


1N914 


OBD 


1 


CR2, CR3 


Diode 


1N5282 


OBD 


2 


Vl 


Parallel Resonant Crystal, 
16M Hz 


COML 


OBD 


1 


y2 


Parallel Resonant Crystal, 

m »f 


COML 


OBD 


1 




POHER SUPPLV CONNECTIONS 



NOTES: 1 THE BOARD REQUIRES ♦SU, +12U, AND -12U 

MULTIBUS POWER PINS FOR THESE VOLTAGES AND 
GROUND ARE SHOUN ABOUE 



2 EACH IC SHOULD HAUE A 0 luF CAPACITOR BETWEEN 
POWER PIN AND GROUND PIN. PARTS LIST DOES 
NOT INCLUDE DECOUPLING CAPACITORS 



MTR 
CODE 


MANUFACTURE 


LOCATION 


INT 


INTEL CORPORATION 


SANTA CLARA, CA 


HIT 


HITACH AMERICA LTD 


SAN JOSE, CA 


OBD 


ORDER BV DESCRIPTION 
CANV COMMERCIAL 
<COML> SOURCE) 




PE 


PULSE EN6INEERIN6 


SAN DIEGO CA 


RCD 


RCD COMPONENTS INC 


MANCHESTER, NH 


TI 


TEXAS INSTRUMENTS 


DALLAS, TX 
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TTl 
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[ai3jiii » 
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&D 


ea 


7D 


7Q 


8D 


8Q 


e 
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60 1 1 
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90 
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SO 


6Q 
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80 

6 


8Q 
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74LS373 
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4« 
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8Q 


6 


OC 



1. 



12A3- 



IS 


02 ; 


16 


03 


14 


04 


13 


06 


12 


OS ; 


11 


07 




CP 3. 4,6. S3 
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5h 
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clkTnh 
ma 



i» V2 
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! S86TxO 


17 T 


1 r 


J» C6 




' 022uF 




586RxC 
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S5?CW 





CP1,2,53 5 



ESILPBK CP13 
LATCH-EN CP53 



.^PiJ. 




i—LPlK 



RCU 

CLSN 
CLiN 



18 TRnT. 


4 


RCU^ 


5 


R^ 1 


12 


CLSN, 


11 


niiN 



RCU 



Rie 

248 



j Op 1-8 

-* Op 1-7 



2 6ND 0U56ND2 



8 luF 



U17 

1ME6 
C10 



jRHj^ 12 



CBUS 



TRMT 1 
TRflT 2 



RCU 3 
' ^CU 4 



R26 CP13 




2 1 5 



REXT 
USS 
AUSS 



NC 



C 7 CLSN 



CXRP12 
UCC 16 

AUCC 18 
HBD 11 



13 



IN5282 



1N5282 
^ 
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Dft'm cDis-pe) CP 1.^3 



ftPDRESS Cftl4--ftl) c P 1 . 43 



CO 




ROMBUS CP13 





02 
03 
04 
05 
06 
07 



12 


Dl 


13 


D2 


15 


D3 


16 


04 


17 


D5 


18 


D6 


IS 


D7 ' 
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ADDRESS 



A13 2 



Ri9 
19K 

H n6264P-l 
R13 26 Us2 108 
A12 I07 

loe 

105 
104 
103 
102 
101 



A12 23 



RAHBUS CPU 



DftTft CPIS-PB) 




rv) 

CO 
CO 



DATVk (D7-M) 
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OPTIONAL IHEG C641Cxl6> HORP-HIDE EPROH 



ftPDRESS (ftl6~rti) 



ROHBUS 



JJSJLL, 



LA16 37 a«e 
A113S.A13 



A13 34 



A12 



ftt238 All 
All 32 

ft? 29 A8 
A7 
A6 



AS 28 



A7 27 



ftf A3 



3 PIS 



U32 




2^ ftflH ' 
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Module Addr.dec 

Title 'LANHIB Address Decode Logic 

Kiyoshi Nishide Intel Corp. 



March, 1986 » 



"Declarations 
PALI 

AO, A14, A15 
A16, A17, A18 
A19, BHE 
HLDA, S2 
RAMLO, RAMHI 
ROMLO, ROMHI 
ROM 
R104 

Equations 



pin 
pin 



pin 
pin 
pin 
pin 



device 



pin 
pin 



13; 
16; 



•P16L8' ; 

J., 2, 3; 
4. 5, 6; 
7, 8; 
9, 11; 

18. 17; 

19, 12; 



IROMHI = A15 & A16 & A17 & A18 & A19 & (HLDA # S2) & R104 ; 
IROMLO = '^^^ ^""^ ^'^'^ ^""Q /wT.nA dit cio\ su pi ha 



IA15 & A16 k A17 & A18 & A19 & (HLDA # S2) & R104 ; 
IROM = A17 & A18 & A19 & (HLDA # S2) & IR104 ; 

IRAMHI = !A14 & IA15 & !A16 & !A17 & !A18 & IA19 & IBHE & (HLDA # S2) ; 
IRAMLO = !A0 k IA14 k IA15 k !A16 k lkl7 k IA18 k IA19 & (HLDA # S2) ; 



End Addr«.dec 



PAL Equations 
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DIP SWITCH SETTINGS FOR 
VARIOUS OPERATIONS 

"1" indicates ON (Switch is closed). 
"0" indicates OFF (Switch is open). 
"X** indicates Don*t Care. 

1. To configure the board to Ethernet or Cheapemet: 



3. To select the 2764-20 EPROMs or 27210 EPROM: 





SW3 
87654321 


Comment 


Ethernet 
Cheapernet 


xxoooooo 

XX111111 


Transceiver Cable should 
not be connected. 



2. To run the TSMS program or the Data Link Driver 
program: 



TSMS Program 
or 

Data Link Driver 
Program 



SW4 
87654321 



XXXX0001 



Comment 



TSMS program uses 
the 82530 in 
Asynchronous Polling 
mode. Data Link Driver 
program uses the 
825830 in 

Asynchronous Polling 
and Vectored Interrupt 
modes. 





SW3 
87654321 


2764-20 EPROMs 
27210 EPROM 


oxxxxxxx 

1XXXXXXX 



4. Dip Switch Setting Examples: 



1 ) To run the TSMS Program 
from the 2764-20 EPROMs 
in Cheapernet Configuration 

2) To run the TSMS Program 
from the 2764-20 EPROMs 
in Ethernet Configuration 

3) To run the TSMS Program 
or the Data Link Driver 
program from the 27210 
EPROM in Cheapernet 
Configuration 

4) To run the TSMS Program 
or the Data Link Driver 
program from the 27210 
EPROM in Ethernet 
Configuration 



0X111111 



0X000000 XXXX0010 



SW3 
87654321 



XXXX0010 



1X111111 



1X000000 



SW4 
87654321 



XXXX0001 



XXXX0001 



5. Dip Switch SW2 programs the number of wait states 
for the 82586 (see Table 3). 
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COMPANIES OFFERING WIRE WRAP SERVICES 



AUGAT 

Interconnection Systems Division 

40 Perry Avenue 
P.O. Box 1037 
Attleboro, MA 02703 
(617) 222-2202 

100935 South Wilcrest Drive 
Houston, TX 77099 
(713) 495-3100 



South- Western Division 
1829 Monetary Lane 
CarroUton, TX 75006 
(214) 245-6161 

European Division 
In der Khnge 5 

D-7100 Heilbronn, West Germany 
(01731) 217 12 

DATAWRAP 



Automation Delectronics Corporation 

1650 Locust Avenue 
Bohemia, NY 11716 
(516) 567-7007 



dataCon, inc. 

Eastern Division 
60 Blanchard Road 
Burlington, MA 01803 
(617) 273-5800 

Mid- Western Division 
502 Morse Avenue 
Schaumburg, IL 60193 
(312) 529-7690 

Western Division 
20150 Sunburst Street 
Chatsworth, CA 91311-6280 
(818) 700-0600 



37 Water Street 
Wakefield, MA 01880 
(617) 938-8911 



Eima/Eiy^S 

A Division of Sandberg Industries 

Berkshire Industrial Park 
Bethel, CT 06801 
(203) 797-9711 

1851 Reynolds Avenue 
Irvine, CA 92714 
(714) 261-9473 

3042 Scott Boulevard 
Santa Clara, CA 95054 
(408) 970-8874 



WRAPEX Corporation 

96 Mill Street 
Woonsocket, RI 02895 
(401) 769-3805 
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/»♦*»»♦»»»»♦»#«»»»«»»**»»«««*»»*»♦»«**»«*»»«»»*»*»*♦»»»»»*»»♦*»*«***»****»*♦ 



/* Traffic Simulat,or/rion> tor Station Program 

/» for 186/586 High Integration Board and */ 

/» iSBC 186/51 . */ 

/» ' V:/ 

/* Ver 1.0, December 17, 1784 «/ 

/* */ 

/« Kiyoshi Nishide Intel Corporation */ 

/» »/ 
/*«»*«♦♦♦«»*»»»«*»»»«»»»«««»«»»»«#»»»»»««»»»»*«»«»«»»*«»*♦»««»»««*«♦«»»* 

/* This software can be conditionally compiled to work on the iSBC 186/51 or 

on the LANHIB If ' set ( SBC 18651 > ' is added to the compiler call statement. 



this source program will be compiled for the iSBC18651 */ 

1 tsms 
do; 

2 1 declare main label public, 

/* literals */ 
$IF SBC18651 



Ixt liter 


ally 


' 1 1 teral ly 


true 


lit 


'1 


false 


lit 


'0', 


forever 


lit 


'whi le 1 '/ 


ISCP«LOC»LO 


lit 


'OFFFOH', 


ISCP*LOC»HI 


lit 


'0', 


SCB$BASE«LO 


lit 


'0'. 


SCB$BASE«HI 


lit 


'0', 


CA*PORT 


lit 


'0C8H'. 


B0ARD$ADDRESS5>BASE 


lit 


'OFOH', 


INT*TYPE«586 


lit 


'20H', 


INT*TYPE»TIMERO 


lit 


'30H', 


INT*CTL*TIMERO 


lit 


'0FF32H'. 


INT*7 


lit 


'27H', 


PIC»MASK*130 


lit 


'0E2H', 


PIC«MASK«186 


lit 


'0FF28H', 


ENABLE«586 


lit 


'OFEH', 


ENABLE«586$186 


lit 


'OEEH'. 


PIC*E0I*130 


lit 


'OEOH', 


EQI$CMD0«130 


lit 


'60H', 


Eai$CMD4»130 


lit 


'64H', 


PIC«E0I»186 


lit 


'0FF22H', 


Eai«CMD0«186 


lit 


'0', 


PIC»VTR*186 


lit 


'0FF20H', 
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TIMEROfCTL 
TIMEROtCOUNT 
MAX»COUNT«A 
CA 

ESI ♦PORT 

NO«LOOPBACK 

LOOPBACK 



lit '0FF56H', 

lit '0FF50H', 

lit '0FF52H', 

lit '0'. 

lit 'OCBH', 

lit 'B\ 

lit '0'; 



♦ELSE 



lit literally 


'literally 


true 


lit 


'1 


false 


lit 


'0', 


forever 


lit 


'uih i le 1 '< 


ISCP^LOC^LO 


lit 


'03FF8H', 


ISCP^LOC^HI 


lit 


'0', 


SCB^BASE^LO 


lit 


'0', 


SCB^BASE^HI 


lit 




CARPORT 


lit 


'8000H', 


BOARO«ADDRESS«BASE 


lit 


'81S0H'. 


INT»TYPE*586 


lit 


'12', 


INT*TYPE«TIMERO 


lit 


'8', 


INT«CTL»TIMERO 


lit 


'0FF32H', 


PIC«MASK«i86 


lit 


'0FF28H', 


ENABLE«586 


lit 


'OEFH'. 


ENABLE«586»186 


lit 


'OEEH', 


PIC$E0I«186 


lit 


'0FF22H', 


E0I«CMD0«186 


lit 


'12', 


E0I«CnD4«186 


lit 


'8', 


TIMERO^CTL 


lit 


'0FF56H', 


TIMERO*COUNT 


lit 


'0FF50H', 


MAX*COUNT«A 


lit 


'0FF52H', 


CA 


Ixt 


'0', 


ESI$PORT 


lit 


'8100H', 


NO«LOOPBACK 


lit 


'1 ', 


LOOPBACK 


lit 


'0'. 



♦END IF 



♦IF NOT SBC18651 



/* System Configuration Pointer */ 



declare scp structure 
( 

sysbus bytei 
unused (5) byte, 
iscp^addr^lo uiord« 
xscp^addr^hi word 
) 

at <0FFFF6H) data <0. 0, 0, 0, 0, 0, ISCP^LOC^LO, ISCP^LOC^HI), 



♦END IF 



/♦ Intermediate System Configuration Pointer */ 
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declare iscp^ptr pointer< 

iscp based iscp$ptr structure 



( 

busy byte* 

unused byte/ 
scbifto u>ord« 



/* set to 1 by CPU before its first CA to 586. 

cleared by 586 after reading info from it */ 
/* unused */ 

/» offset of system control block »/ 



scb$b (2) word /* base of system control block */ 
)i 



/♦ System Control Block */ 



scb structure 
( 

status uiord> 
cmd word/ 
cbl4>offset uord> 
rpa$offset u)ord< 
crc*err8 uiordi 
alnlierrs uiordi 
rsc»errs word. 
ovrn*errs word 



/* cause(s) of interrupt; CU state. RU state »/ 

/* int acks. CU cmd, RESET bit, RU cmd */ 

/« offset of first command block in CBL »/ 

/* offset of first packet descriptor in RPA */ 

/* crc error encounterd so far */ 

/* alignment errors */ 

/* no resources */ 

/* overrun errors */ 



/* 82586 Action Commands */ 
/* NOP ♦/ 



declare nop structure 
( 

status word, 
cmd word, 
link$offset word 
>, 



/« Individual Address Setup */ 

8 1 declare iaiisetup structure 

( 

status word, 
cmd word. 
link4»offset word. 
ia«address (6) byte 

)i 

/* Configure */ 

9 1 declare configure structure 

( 

status word, 
cmd word, 
link4ioffset word, 
byte4^cnt byte, 
info (11) byte 
); 

292010-33 



Traffic Simulator/Monitor Station Program (Continued) 



1-300 



AP-274 



/* Multicast Address Setup ♦/ 

10 1 declare mc4>setup structure 

( 

status uiord/ 
cmd uiordj 
Imk^offset word. 
mcSbytef count uiord* 

mc^address (48) byte /* only 8 MC addresses are alloued «/ 

)i 



/* This transmit command is made of one transmit buffer descriptor and one 
1518 bytes long buffer. */ 

11 1 declare transmit structure 

< 

status uiord* 
cmd uiord. 
linkfoffset u/ord> 
bd^offset word* 
dest«adr (6) byte, 
type word 
), 

/« Transmit Buffer Descriptor */ 

12 1 declare tbd structure 

( 

act$count word, 
link$offset word, 
adO word, 
adl word 

); 

/» Transmit Buffer */ 

13 1 declare tx«buffer (1518) byte; 



/» TDR »/ 

14 1 declare tdr structure 

( 

status word, 
cmd word, 
link$offset word, 
result word 

), 

/» Diagnose */ 

15 1 declare diagnose structure 

( 
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status word* 
cffld uiord> 
link*offset word 

); 



/* Dump Status */ 

16 1 declare dump structure 

( 

status luordi 
cmd uiordi 
link«offset uiordi 
buff*ptr word 

)i 

/* Dump Area */ 

17 1 declare dumpfarea (170) byte; 



/» Frame Descriptor «/ 

/* Receive frame area is made of S RFDs» 5 RBDs» and 5 1514 bytes long 
buffers. ♦/ 

18 1 declare rfd (5) structure 

( 

status wordi 
el$s word* 
linkl^offset word* 
bdSoffset word* 
dest$adr (3) word* 
src$adr (3> word* 
type word 
)i 

/» Receive Buffer Descriptor */ 

19 1 declare rbd <5) structure 

< 

act$count word* 

next* bdf 1 ink word* 

adO word* 

adl word* 

size word 

)i 

/» Receive Buffer */ 

20 1 declare rbuf (5) structure 

(buffer (1514) byte)* 



/* global variables */ 
21 1 declare status word* /* UART status ♦/ 
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actual word' 


/♦ 


actual number of chars UART transferred */ 






c^buf (80) but*« 


/♦ 


buffer for a line of chars ♦/ 






dhtx bytti 


/♦ 


number base switch «/ 






ch bytt at (<lc*buf)« 










chartcount byta> 










ractivatcount dword< 


/♦ 


counter for received frames «/ 






count ditfordf 


/♦ 


counter for transmitted frames */ 






prtambla uiord# 


/« 


preamble length in word «/ 






addrtttf Itngth bgta> 


/♦ 


address length in byte */ 






adKloc bytvi 


/« 


address location control of &2!>86 «/ 






crc byte* 


/♦ 


crc length */ 






goback byt«> 


/♦ 


if set. go back to Continuous Mode «■/ 






ratat byta> 


/* 


reset flag */ 






dalay word< 


/♦ 


delay conunt for tranmission delay «/ 






cur4(cb<of f sat ii>ord> 


/« 


offset of current command block 






currantf framt byta« 


/« 


offset of frame descriptor just used */ 






no*trantmi ttion byt«< 










fttoptcount dword* 


/♦ 


transmit terminal frame count »/ 






stop byta> 










fflctcount byta^ 










I bytti 










y bytai 










/« axtarnal procaduras ♦/ 






22 


1 


read: procadure (a> bi c, di t) extarnal; 


23 


2 


declare <a< c) wordi 










(b> d» e) pointer; 






24 


2 


end readi 






25 


1 


write: procedure <ai bt c« d) external; 


26 


2 


declare (a> c) word< 










(b, d) pointer; 






27 


2 


end write; 






28 


1 


csts: procedure byte external; 






29 


2 


end csts; 










/♦ utility procedures »/ 






30 


1 


offset: procedure (ptr) word; 










/♦ This procedure takes a pointer 


variable (selector offset), caluculates an 






absolute addressi subtracts the 82586 SCB offset from the absolute address. 






and then returns the result as 


an 


offset value for the 82586 */ 


31 


2 


declare <ptr< ptr»loc) pointer. 










base586 dword. 










w based ptrtloc <2> word. 






32 


2 


ptrfloc = Sptr; 










i 

/* 82586 SCB Base Address (20 


-bit wide in this 186 based system) ♦/ 
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33 
34 


2 
2 


ba5e586 = (shKdouble <i5cp scb*b(l))» 16) and OOOFOOOOH) + iscp scb*b<0), 
return low( (sh]l (double (w(l)). 4) + u><0)) - base586); 


35 


2 


end offseti 


36 


1 


uiriteln procedure (a« b> c, d). 


37 


2 


declare <a> c) uiord> 

<b* d) pointer/ 


38 
39 


2 
2 


call uirite(a> b* c, d); 

call uirite(0, e(ODH, OAH), 2, ©status), 


40 


2 


end writeln. 


41 


1 


cr*lf procedure* 

/» This procedure writes a CR/LF. ♦/ 


42 


2 


call write (0, e(ODH, OAH)i 2. ©status); 


43 


2 


end cr»lfi 


44 


1 


/« This procedure breaks a program flow* and waits for a char to be typed ♦/ 


45 
46 
47 


2 
2 
2 


call write<0, e(ODH, OAH/ 'Hit <CR> to countinue'). 23, ©status), 
call readd, ©c«buf, 80, ©actual, ©status), 
call cr$lf, 


48 


2 


end pause. 


49 


1 


skip- procedure byte, 

/* This procedure skips all leading blank characters and returns the first 
non-blank character ♦/ 


50 


2 


declare i byte; 


51 
52 
53 
54 
55 


2 
2 
3 
3 
2 


i = 0; 

do while <c*buf<i) = ' '), 
1 = I + li 

endi 

return ii 


56 


2 


end skip; 


57 


I 


read$char: procedure bytei 
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/* This procedure read* a line and returns ther first non-blank character. «/ 


58 


2 


declare i uiord< 




59 


2 


caix reauii* •rcwour* dv/« sMbwuMi* wvtji«u9/« 




60 


2 


i skip* 




61 


2 


return (CvDurt i / ;» 




62 


2 


end readVchar* 




63 


1 


read«bit: procedure byte; 








/* This procedure reads a bit and returns the value. */ 




64 


2 


declare b byte* 




65 


2 


do foreveri 




66 


3 


b « readtchar; 




67 


3 


if b » '1' then return li 




69 


3 


else 




70 


3 


if b = '0' then return 0, 




71 


3 


else 








call uirive\u» »> cnwwr w w oi a /» ew* «»uoi*uaA» 




72 


3 


end> 




73 


2 


end reaovDivi 




74 


1 


yes: procedure byte; 








/* This procedure reads a character and determines if it is a Y(y) 


or N(n) »/ 


75 


2 


declare b byte; 




76 


2 


do forever* 




77 


3 


b s read$char* 




78 


3 


if (b = 'Y'> or (b = 'y') then return true*. 




80 


3 


else 




81 


3 


if (b = 'N') or (b * 'n') then return false* 




82 


3 










call uirite(0* @(ODH* OAH* ' Enter a Y or N =-> ')* 22* 


estatus)* 


83 


3 






84 


2 


end yes* 




85 


1 


char$to4int- procedure <c) byte* 








/* This procedure converts a byte of ASCII integer to an integer 


«/ 


86 


2 


declare c byte* 




87 


2 


if ('0' <= c) and (c <« '9') then return <c - 30H)i 




89 


2 


else 




90 


2 


if<'A' O c) and (c <= 'F') then return (c - 37H)* 




91 


2 


else 
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92 
93 


2 
2 


if ('a' <= c) and <c <= 'f') then return <c - 57H)* 
else return OFFH» 


94 




end char$toSint> 


95 


1 


int*to*asci procedure (value, base. Id. bufadr. uiidth)i 

/« This procedure converts an interger < OFFFFFFFFH to an array of ASCII 
codes. 

Input variables are valure = integer to be converted. 

base = number base to be used for conversion. 
Id = leading character to be filled in. 
bufadr » buffer address of the arTa\)> 
width = size of array. ♦/ 


96 


2 


declare value dword. 

bufadr pointer. 

(i. J. base. Id. width) byte. 

chars based bufadr (1) byte; 


97 
98 
99 
101 
102 
103 
104 
105 
106 
107 
108 
109 


2 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
2 


do i = 1 to width. 

J = value mod base; 

if J < 10 then chars (width - i) = j + 30H> 
else chars (width - i) = j + 37H. 
value = value / base. 

end; 
1 = 0, 

do while chars (i) - '0' and i < width - 1; 
chars (i) » Id; 
1 « i * 1. 

end; 

char4>count = width - i. 


110 


2 


end mtiktoSasci; 


111 


1 


out^word: procedure (w*ptr. distance); 

/« An integer at (selector of w»ptr) (offset of w«ptr + distance) is printed 
as a 4 digit hexadecimal number. */ 


112 




declare chars(4) byte. , 
w$ptr pointer, 
distance byte, 
w based w^ptr (1) word. 


113 
114 


2 
2 


call intfto«asci(w(distance). 16. '0'. echars(O). 4); 
call write(0. @chars(0). 4. @status); 


115 


2 


end out$word; 


116 


1 


write^int: procedure ( dw> t); 

/♦ An integer (dw) is printed in hexadecimal (t = 1) or in decimal (t « 0). */ 
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117 


2 


declare dw dword, 








chars (10) byte< 








t byte* 




118 


2 


if t then 




119 


2 


do, 




120 


3 


call int«to«asc 1 ( duf> 16> 0, echars(O), B); 




121 


3 


call write(0/ ©chars (8-char«count ) » char^count* ©status)/ 




122 


3 


end> 




123 


2 


else 








do; 




124 


3 


call intStotasc 1 ( dui> 10« 0* echars(0)> 10), 




125 


3 


call uirite(0# ©chars ( 10-charScount ) # chartcount, ©status)* 




126 


3 






127 


2 


end write»int» 




128 


1 


ou ti'd ec4»h e X . procedure ( dut) # 








/* This procedure prints an integer in decimal and hexadecimal »/ 




129 


2 


declare dui duiord; 




130 


2 


call writer int(diii, 0), 




131 


2 


call write(0, ©( ' ('), 2, ©status). 




132 


2 


call uir i te$int ( dui, 1); 




133 


2 


call uirite(0, ©('H)'), 2, ©status); 




134 


2 


end out^declihex , 




135 


1 


uiri te$of f set procedure (ui$ptr ) , 








/* This procedure takes a pointer variable, converts it to a 82586 type 


offset. 






and prints it in hexadecimal */ 




136 


2 


declare ui^ptr pointer, 








Ml wordi 




137 


2 


call u»rite<0, ©( ' at '), 4, ©status). 




138 




ui = of f set <u»*ptr ) , 




139 


2 


call out^uior d ( ©UI, 0), 




140 


2 


call uirite(0, ©( ' '), 2, ©status). 




141 


2 


end uir 1 te^of f se t , 




142 


1 


(ur 1 te$addr ess procedure (ptr). 








/« This procedure takes a pointer variable and prints it in the 








'selector offset' format */ 




143 


2 


declare (ptr, ptr*loc) pointer, 








UI based ptr^loc (2) uiord. 




144 


2 


ptr^loc = ©ptr, 
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145 


2 


call out^word (eu)( 1 ) > 0)# 


146 


2 


call uiriteCO, 1. ©status), 


147 


2 


call outfuiord <@u)(0) / 0), 


148 


2 


call urite(Oi e( ' ')i 1, ©status). 


149 


2 


end liiri te$address, 


150 


1 


print^uids' procedure <ui*ptr, notwords). 






/* This procedure prints no*iiiords number of words starting at ui*ptr. */ 


151 




declare wfptr pointer, 






(i, no1»uiords) byte. 


152 


2 


if nofuiords O 0 then 


153 


2 


doi 


154 


3 


call cr$lf, 


155 


3 


do i s 0 to notuiords - 1, 


156 


4 


call out«word (ui$p tr, i); 


157 


4 


if 1 a 0 then 


158 


4 


call write-off set(uj*ptr)i 


159 


4 


call cr*lfi 


160 


4 


end; 


161 


3 


end; 


162 


2 


end print9uids; 


163 


1 


printtstr* procedure (strtptr, len), 






/* This procedure prints len nuniber of bytes starting at str*ptr, */ 


164 


2 


oeciare \ien, i/ oyve, 






cnars Kti) oyce, 






str*ptr pointer, 






str based strtptr (1) byte; 


165 


2 


ir len u xnen 


166 


2 


do i = 0 to <len - 1); 


167 


3 


call int«to«asci(str<i), 16, '0', echars(O), 2); 


168 


3 


call uirite(0, @chars(0), 2, ©status); 


169 


3 


call uirite(0, ©( ' 2, ©status); 


170 


3 


end; 


171 


2 


call cr*iTi 


1 72 


2 


end printvstr; 


173 


I 


print4>buff ^ procedure (ptr, cnt); 






/* This procedure prints cnt number of buffer contents starting at ptr. «/ 


174 


2 


declare ptr pointer, 






bt based ptr (1) byte, 






(i, j) byte. 






cnt word; 
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175 


2 


if cnt > 16 then 


176 


2 


doi 


177 


3 


i « »hr(cnt, 4) - 1, 


178 


3 


do J >■ 0 to ii 


179 


4 


call iiiritc««ddr«s«(ftbt( 16*j) ){ 


180 


4 


call print«ttr(ebt( 16«j). 16); 


181 


4 


if (j « 20) or ( J « 40) or ( j * 60) or ( j » 80) then 


182 


4 


call pauftti 


183 


4 




184 


3 


i « i ♦ 1. 


185 


3 


if cnt-16*i O 0 than call wri ta«addrtst (ftbt ( 16*i ) ) > 


187 


3 


call print^str (Cbt( 16*i )> cnt-16«i); 


188 


3 


and* 


189 


2 


alsa 






do* 


190 


3 


call uirita»addrass(ftbt(0) )i 


191 


3 


call print»str(ebt(0). cnt); 


192 


3 


and; 


193 


2 


end printfbuffi 


194 


1 


read$int: procedure (limit) duiord; 






/♦ Thx« procedure reads integer characters and forms an integer. If the 






integer is bigger than 'limit' or an overflow error is encounterred> then 






an error message is printed. ♦/ 


195 


2 


declare (uid« uih< 1 imit ) duiord* 






<i» j> k* done* hex< dover# hover) byte« 


196 


2 


do forever. 


197 


3 


call read(l. ec*buf> 80> Ctactuali estatus); 


198 


3 


i, k " skip; 


199 


3 


hex< done* dover. hover « false; 


200 


3 


Old. wh - Oi 


201 


3 


J a char«to*int(c$buf < 1 ) )i 


202 


3 


do while j 15; 


203 


4 


if J > 9 then hex * true; 


205 


4 


if not dover then 


206 


4 


if wd > 429496729 then dover = true; 


208 


4 


else if <wd « 429496729) and <j > 5) then dover = true; 


210 


4 


wd « wd*10 + j; 


211 


4 


if not hover then if wh > OFFFFFFFH then hover « true; 


214 


4 


wh = wh*16 ■♦■ j» 


215 


4 


i » i •♦• 1; 


216 


4 


J « char1ito»int(c»buf (i)), 


217 


4 


end> 


218 


3 


If <(cfbuf(i) O 'H') and (cfbufd) O 'h') and (c*buf(i) O ODH) and 






<c*buf(i) O OAH) and <c«buf<i) O ' ' ) ) or ( i = k ) thtn 


219 


3 


call writeln(0. e(OOH> OAH. ' Illegal character'). 20. ^status); 


220 


3 


else 






do; 


221 


4 


if (c*buf(i) « 'H') or <c*buf<i) * 'h') then hex = true, 


223 


4 


if hex then 
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224 


4 


do, 


225 


5 


if not hover and (u»h <= limit) then return wh, 


227 


5 


end> 


228 


4 


else 


229 


4 


if not dover and iui6 <= limit) then return ufdi 


230 


4 


call uiriteln(0> e<ODH* OAH, ' The, number is too big. '). 25» 






(*siritu&)> 


231 


4 


call uirite<0. e< ' It has to be less than or equal to '). 3A# 






(Sstcttus)' 


232 


4 


call out$dec$hex ( 1 imi t ) * 


233 


4 


call writeln(0. e( ' '). 1, ^status); 


234 


4 


endi 


235 


3 


call uiriteCO* ' Enter a number ==> '). 20, ©status); 


236 


3 


end' 


237 


2 


end read$int< 


238 


1 


put$address: procedure (where ) < 






/* This procedure puts an address typed in hexadecimal to the specified 






location 'where'. */ 


239 


2 


declare where pointer* 






(i« j# m> err) byte. 






addr based where (1) byte, 


240 


2 


do forever* 


241 


3 


err » false* 


242 


3 


call readd* @c$buf, 80* ©actual* ©status)* 


243 


3 


i s skip; 


244 


3 


m s address4(leng th; 


245 


3 


do while (m <> 0) and not err* 


246 


4 


J ^ cnartptiOvinv ( c vour 1 1 / ^ * 


247 


4 


XT J ~ Orrn then err — vrue* 


249 


4 


e 1 se 






do* 


250 


5 


aaarim"*!/ * sniij* *t/* 


251 


5 


J — c nar»To»int \ cvDUT \ i+i ^ / , 


252 


5 


IT J = Orrri then err = rrue, . 


254 


5 


else ao or \m""i/ * aoorim—i/ or j*, 


255 


5 


end* 


256 


4 


i « i + 2* 


257 


4 


m — m 1 * 


258 


4 


end* 


259 


3 


if not err then 


260 


3 


do* 


261 


4 


m * c*buf ( i )i 


262 


4 


if <m = ODH) or (m = OAH) or <m * 'h') or (m » 'H ' ) or (m " ' ' ) 


263 


4 


then return* 


264 


4 


end* 


265 


3 


call writeln(0* ©(0OH* OAH* ' Illegal character'). 20* ©status); 


266 


3 


call write(0* ©( ' Enter an address in Hex ')* 29* ©status); 


267 


3 


end; 


268 


2 


end putttaddress; 
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269 


1 


pvrctnt: procvdure; 

/« Thii proc*durt calculatits and prints a nttuiork ptrctnt load gancrated 
by thi» station. Tha aquation usad in this procadura was obtaxnad 
from actual maasuramants. */ 


270 


2 


daclara i uiordi 

(j> k) duiord> 
pcant (3) bytt; 


271 
272 
274 
279 


2 
2 
2 
2 


J - <tbd. act»count and 3FFFH)*8j 

if not adtloc than k ■ (2«addrafts«langth 2 crc 4- preambla)«'6i 
alsa k « (crc + praamb la >«8j 

4 £ j4a1 mat f\ ^.k^a. 

XT aaxay s.^ u than 
♦IF NOT SBC18651 


276 


2 


i « lou)( (1000«( J -t- k>)/(1805 k -t- 5«doub la ( dalay ) j)); 
♦ELSE 

i « low<<1000«<j + k))/<2021 + k -i- 5»doubla<dalay ) 
♦END IF 


277 


2 


alsa 

♦ IF NOT SBC 18651 

i » loui((1000»< J + k))/(1810 + k + 
♦ELSE 

i - low( (1000»( J + k))/(2026 + k + 
♦END IF 


278 
279 
280 
281 
282 


2 
2 
2 
2 
2 


call int^to^asci<i« 10* 0. epcent(0)> 3). 
call writa(0« Spc»nt(0)« 2< Sstatus); 

fall uirifafO. &t' 1. AsfAfiia): 

call ufrite(0» epcant(2)» I, ^status); 
call u)ritaln(0. d( ' 7.'). 2, ftstatus); 


283 


2 


end percent; 


284 


1 


pr int^netufor k^addr : procedure (ptr)* 

/* This station's address is printed with its least significant bit 
in the most right position. «/ 


285 


2 


declare ptr pointer^ 

addr based ptr <1) byte» 
char (6) bytei 
i byte; 
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286 




do 1 


= 1 to address*leng th* 


287 


3 




char<i~l> = addr (address$lenqth-i )i 


288 


3 


endf 




289 


2 


call 


pr in t»str <ech ar <0). addres5*length ) . 


290 


2 


end pr xnt$networ k$addr> 


291 


1 


pr int*parameter5 procedure* 






/* This 


procedure prints transmission parameters. */ 


292 


2 


dec lare 


UI duiordi 








stgs (6) byte; 


293 


2 


call 


uirite(0< e( ' Destination Address. 32, Sstatus)> 


294 


2 


if not ad$loc then 


295 


2 




call pr int$netuiorkfaddr (^transmit, dest^adr <0) ) i 


296 


2 


else 










call print»netuiork*addr <et««buf f er <0) )i 


297 


2 


if not adtloc then 


298 


2 


ui a 


(tbd. actfcount and 3FFFH) + addressfleng th » 2 + 2 + crci 


299 


2 


else 


u) « < tbd. actf count and 3FFFH) ■♦■ crci 


300 


2 


call 


utrite(0» e< ' Frame Length: ')» 15» ©status); 


301 


2 


call 


wr i te$int ( w* 0); 


302 


2 


call 


uiriteln(Oi e( ' bytes')* 6> ©status); 


303 


2 


call 


u)rite(0* ©< ' Time Interval between Transmit Frames: ')/ 40* ©siatus); 


304 


2 


if delay O 0 then 


305 


2 


do; 








♦IF NOT 


SBC 18651 


306 


3 




ut » 1810 (double(delay ) - 1 ) * 5; 






«E1.SE 










w - 2026 + (double(delay ) - 1 ) « 5. 






♦END IF 




307 


3 




call int«toSasci(uii 10. 0# ©stgs* 6); 


308 


3 




if UI 10000 then 


309 


3 




do; 


310 


4 




call uirite(0* estgs(O)* 2, ©status)* 


311 


4 




call uirite(0* ©('.')* 1* ©status); 


312 


4 




call uirite(0* ©stgs(2)* 2* ©status); 


313 


4 




call uiriteln(0* ©( ' miliseconds ' ). 12* ©status); 


314 


4 




end; 


315 


3 




else 








do; 


316 


4 




call u)rite(0* ©stgs(O)* 5* ©status); 


317 


4 




call uirite<0* ©('.')* 1* ©status); 


318 


4 




call uirite(0* ©stgs(5)* 1* ©status); 


319 


4 




call uiriteln(0* ©( ' microseconds M * 13* ©status); 


320 


4 




end; 


321 


3 


end; 




322 


2 


else 
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«IF NOT SBC18651 






call uiritvlnCO* e( ' 159.4 microseconds ') < 19, ftstatus); 






♦ELSE 






call uirit*ln<0« 9( ' 172.8 microseconds')' 19, dstatus), 






♦END IF 


323 


2 


call uirite(0« S( ' Netuiork Percent Load generated by this station* ')# 49« 






Ssiatus ) j 


324 


2 


call percent; 


325 


2 


call iiirite(Oi tt( ' Transmit Frame Terminal Count ')> 32, ^status); 


326 


2 


if stop then call writetint (stoptcount, dhex); 


328 


2 


else call write<0/ «( 'Not Defined'), 11, ftstatus), 


329 


2 


call cr«lfi 


330 


2 


end pr int*parameters; 


331 


1 


printtscb: procedure; 






/♦ prints the SCB ♦/ 


332 


2 


call uiriteln(0« 9(0DH, OAH, '««« System Control Block ****), 30, ^status); 


333 


2 


call printfwds(ftscb. status, 8); 


334 


2 


end print^scb; 


335 


1 


waitfscb: procedure; 






/* This procedure provids a wait loop for the SCB command word to 






become cleared. */ 


336 


2 


declare i word; 


337 


2 


i « 0; 


338 


2 


do while (scb.cmd O 0) and (i < 8000H); 


339 


3 


i = i + 1; 


340 


3 


end; 


341 


2 


if scb. cmd O 0 then 


342 


2 


do. 


343 




caii wrive\u, vt\\Jufi> Unn, waxr i ime ^ /, i9, csbacus/, 


344 


3 


call write«int(i, 0), 


345 


3 




346 


3 


end; 


347 


2 


end waittscb; 


348 


1 


startf t imerO: procedure; 






/* 80186 timerO is started. */ 
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349 


2 


output(TIMERO*CTL) = OEOOOH, 




350 


2 


end s tart$t imerO; 




351 


1 


isr- procedure interrupt INT*TYPE*586 reentrant; 








/» interrupt service routine for 82586 interrupt */ 




352 


2 


declare i byte; 








/* Enable 82586 Interrupt »/ 








*IF SBC18651 








output <PIC*E0I»130) = E0I»CMD0*130, 








enab le; 








$EL SE 




353 


2 


output <PIC»E0I*186) = E0I»CMD0*186, 




354 


2 


enable; 








♦END IF 








/* Frame Received Interrupt has the highest priority */ 




355 


2 


if (scb. status and 4000H) = 4000H then 




356 


2 


do. 




357 


3 


disable; 




358 


3 


scb. cmd » 4000H; 




359 


3 


output <CA*PORT) = CA; 




360 


3 


call waittscbi 




361 


3 


if rfd (current*frame >. status « OAOOOH then 




362 


3 


do; 




363 


4 


receive*count = receive*count + 1/ 




364 


4 


curr ent*f rame = current$f rame + 1» 




365 


4 


if curr ent^f rame = 5 then current*f rame = 0» 




367 


4 


endi 




368 


3 


return; 




369 


3 


end; 




370 


2 


if (scb. status and 2000H) = 2000H then 




371 


2 


do; 




372 


3 


disable; 




373 


3 


scb. cmd » 2000H; 




374 


3 


output <CA*PORT) = CA; 




375 


3 


call biait$scb; 




376 


3 


enable; 




377 


3 


if (transmit, status and OAOOOH) = OAOOOH then 




378 


3 


do; 




379 


4 


count * count 1; 




380 


4 


if (stop and (count = stop^count)) then return* 




382 


4 


else 








do; 
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383 


5 


transmit status 0> 


384 


5 


if delay » 0 th*n 


385 


5 


doi 


386 


6 


disable* 


387 


6 


scb. cmd « OlOOHi 


388 


6 


output<CA»PORT) = CA. 


389 


6 


call uiaittscbi 


390 


6 


returni 


391 


6 


endi 


392 


5 


else 






do; 


393 


6 


call start$t ifflerOi 


394 


6 


return; 


395 


6 


end> 


396 


5 


end; 


397 


4 


end; 


398 


3 


if (transmit status and 0020H) » 0020H then 


399 


3 


do; 


400 


4 


transmit, status » 0; 


401 


4 


disable; 


402 


4 


scb. cmd » 0100H« 


403 


4 


output (CARPORT) a CA; 


404 


4 


call uiaittscb; 


405 


4 


return; 


406 


4 


end; 


407 


3 


if (transmit, status and 0400H) » 0400H then 


408 


3 


do; 


409 


4 


call write(0# e(0DH, ' No Carrier Sense ! S ODH)> 20. (Sstatut). 


410 


4 


transmit, status » O; 


411 


4 


disable. 


412 


4 


scb. cmd « OlOOH. 


413 


4 


output (CA*PORT) = CA, 


414 


4 


call uiaitfscb; 


415 


4 


return* 


416 


4 


end; 


417 


3 


if (transmit, status and 0200H) » 0200H then 


418 


3 


do; 


419 


4 


call u)rite(0. e(ODH. ' Lost Clear to Send!'. ODH), 22> ^status). 


420 


4 


transmit status = 0; 


421 


4 


disable. 


422 


4 


scb. cmd - OlOOH. 


423 


4 


output (CA*PORT) = CA. 


424 


4 


call uiait^scb; 


425 


4 


return; 


426 


4 


end; 


427 


3 


if (transmit status and OlOOH) » OlOOH then 


428 






429 


4 


call u)rite(0. e(ODH. ' DMA Underrun''. ODH). 16. ^status); 


430 


4 


transmit, status ^ 0. 


431 


4 


disable. 


432 


4 


scb. cmd > OlOOH; 


433 


4 


output (CARPORT) * CA; 


434 


4 


call wait^scb; 


435 


4 


return. 


436 


4 


end. 


437 


3 


end. 


438 


2 


iif (scb. status and 8000H) = 8000H then 
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439 


2 






440 


3 


disabl*) 




441 


3 


scb. cffld » BOOOHi 




442 


3 


output (CA»PORT) » CAi 




443 


3 


cull ui4it4(scbi 




444 


3 


«ndi 




445 


2 


if <scb.Bt«tuft and lOOOH) " lOOOH ih«Ti 




446 


2 


doi 




447 


3 


disabUj 




448 


3 


ftcb. cmd » lOOOHi 




449 


3 


output (CAtPORT) « CAi 




450 


3 


call uiaitKscb; 




451 


3 


call u»rita(0# ft(ODH< ' Racaiva Unit bacama not raady. ^ 


ODH), 33* 








Qstatu&)i 


452 


3 


andi 




453 


2 


if rasat than 




454 


2 


doi 




455 


3 


if i«cp. busy than 




456 


3 






457 


4 


call iiiritaln(0. a(ODH. OAHi ' Ratat failad. n, 16> 


astatus)i 


458 


4 


diaabla; 




459 


4 


scb. Cffld "* 0080Hi 




460 


4 


output (CA«PORT> -CAi 




461 


4 


call utait^scbi 




462 


4 


output (CA«PORT> » CAi 




463 


4 


call iiiritaln(Oi (l( ' Softuiara Raaat Exacutad!'}< 25» 


estatus>i 


464 


4 


andi 




465 


3 


alia raaat « falaai 




466 


3 


andi 




467 


2 


and isri 




468 


1 


txfiar: procadura intarrupt lNT*TYPE»TIMEROi 








intarrupt aurvica routina for 80186 tiinar intarrupta/ 




469 


2 


tcb. Cffld <■ OlOOHi 




470 


2 


output (CA«PORT) - CAi 




471 


2 


call liiaiti^acbi 








*ZF 8BC18651 








output (PXC4tE0Itll30> "> E0I4^CHD44(130i 








anablai 








OUTpUv (r ICVcOiVloO) *" euivCrlUOVjLaei 








«EL8E 




472 


2 


output (PXC«E0X«186) » E0I«CMD4«186i 








«ENDIF 




473 


2 


and txtiari 
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«IF SBC18651 

i5r*7 procedure interrupt INT*7j 

/« The 80130 generates an interrupt 7 if the original interrupt is not 
active any more when the first interrupt acknowledge is received. ♦/ 

call write(0. e(ODH, 'Interrupt l'> ODH). 13. ^status); 

end isr$7; 

♦END IF 



474 
475 

476 
477 
478 
479 

480 



readtbyte procedure ( k ) byte; 
declare k word; 

call write(0. ^(ODHi OAH* 
call out«dec«hex (k )i 
call write(Oi a( ' *»> ' ), 
return readfint (OFFH) i 

end readfbytei 



' Enter byte 
5. 8status)i 



14, estatus). 



ini ttl86$tiffler0: procedure; 

/* This procedure initializes the 80186 timer 0. 
declare i byte. 



♦IF SBC18651 



output (INT*CTL»TIMER0) =8; 

call write<0. e<ODH, OAH, ' Enter a delay count «=> 27, ©status); 

delay = read*int (OFFFFH) ; 

if (delay < 100) and (delay O 0) then 

do; 

call cr»lf. 
call crflf, 

call loop*char (35, '«'); 

call write(0, €( ' UARNING '), 9, Sstatus); 
call loop*char (35, '♦'), 

call writeln(0, e(ODH, OAH, 'A delay count between 0 and 100 may be very *, 
'dangerous when this station starts'), 80, Sstatus), 

call writeln(0, @('to receive many frames separated only by the ', 
'IFS period (9 6 microseconds). '), 75, Sstatus); 

call writeln(0, @('If this station never receives a frame, then ', 
'ignore this warning '), 65, €!status), 

call loop«char (79, '*'); 

end; 

output (MAX$COUNT«A) = delay; 
call cr«lf; 

output(PIC$MASK$186) = 3EH, 
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«E18E 


483 


2 


output < INT*CTL*TIMERO) = OCHi 


484 


2 


call write(0, e<0DH, OAH, ' Enter a delay count =»> 27, ©status*); 


485 


2 


delay read*int (OFFFFH) ; 


486 


2 


output <MAXtCOUNT«A) « delay; 


487 


2 


call cr»lf; 


488 


2 


output (PIC*MASKtl86) « ENABLED 586*186; 






♦END IF 


489 


2 


end ini tS186$tiinerO; 


490 


1 


setup$ia$paraffleters. procedure; 


491 


2 


declare i byte; 


492 


2 


call uirite(0« (S(ODH« OAH« ' Configure the 586 ufith the prewired' 






board address *«> ')» 57» &statu&>; 


493 


2 


if yes then 


494 


2 


do i » 0 to addresstlength " 1; 


499 




lavsevup. lavauuress ^ 1 / " inpuv i our^ituvniiii/Ftcsovtiriac ▼ lu « * */* 


496 


3 


endi 


497 


2 


e 1 se 






do; 


498 


3 


call uirite(0. ecODH, OAH, ' Enter this station' 's address', 






in Hex 1 1 *k%St vstatus/, 


499 


3 


call puttaddress (fiia$setup. ia$address<0) ); 


500 


3 


end ; 


501 


2 


end setupVialtparaineter s; 


502 


1 


setup9flici>para(neter s : procedure; 


503 


2 


declare ^J' done) byte. 


504 


2 


J » Ui 


505 




caiJi wriceiniui v\uun# UArii tou can enxer up zo o nuxvicasv Aooresses. /' 






*9Zft BSfcclvUS/* 


506 


2 


done ** false; 


507 


2 


call uirite(Oi 9,{ ' Would you like to enter a Multicast Address?', 






\T or VI/ ^ ssvavus/i 


9UO 


2 


do while not done; 


509 


3 


if yes then 


510 


3 


do; 


51 1 


4 


k » J * address4>lengthi 


512 


4 


J * J + 1; 


513 


4 


call cr«lf; 


514 


4 


if 1 s 9 than 


515 


4 


do; 


516 


5 


call iiirite(0« 8( ' You already entered 8 Multicast addresses. '), 






43, ^status); 


517 


5 


done * true; 


518 


5 


end; 


519 


4 


else 






do; 


520 


5 


call uirite<0, ' Enter a Multicast Address »«> '), 31, Sstatus); 
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521 






call put«address(tmc«setup. mctad dress < k ) >« 




922 






call uirite<0. «(ODHi OAH, ' More Multicast Addresses?'. 








' (Y or N> »=> 42, 


tstatus )i 


523 


5 




end; 




524 


4 




end; 




525 


3 




else done « true; 




526 


3 




end; 




527 


2 




if J » 9 then J ■ J - 1» 




529 


2 




fflc$count « addresstlength « j; 




530 


2 




met setup. fflc$by te«count » mctcount; 




531 


2 




call u>rite(0. ft(ODH. OAH. ' You entered 15i ftstatus). 




532 


2 




call write«int(j> 0); 




533 


2 




call uiriteln(0. ft( ' Multicast Address(es). 23* Cstatus); 




534 


2 


«nd 


setupfflictparametersi 




535 




«ttupfconfigur«f parameters: procedure; 




536 


2 


declare <k, j) byte; 




537 


2 




configure, bytetcnt » 11; 




538 


2 




configure. info<0) « 8; 




539 


2 




configure. info( 1 ) « 0; 




540 


2 




configure. info(2) 26H; 




541 


2 




configure. info(3> ■ Oi 




542 


2 




configure. info(4) « 96; 




543 


2 




configure. info(5) * 0; 




544 


2 




configure. info(6) » 0F3H, 




545 


2 




configure. info<7> « 0; 




546 


2 




configure. info(8) * 0; 




547 


2 




configure. info(9) » 64; 




548 


2 




J « Oi 




549 


2 




call iiirite(Oi ft(ODH, OAHi ' Configure command is set up for defaults 








' values. ODH, OAHi ' Do you uiant to change any bytes?'. 










' <Y or N> ««> '), 99, 


Sstatus); 


550 


2 




do while yes; 




551 


3 




do while j « 0; 




552 


4 




call toirite(0. e(ODH. OAH. ' Enter byte number (1 - 11) 


'), 34, 










esi«4tus)i 


553 


4 




J « read«int<ll); 




554 


4 




if J = 0 then 




555 


4 




call u>rite(0. e(ODH. OAHi ' Illegal byte number'). 22. 


^status); 


556 


4 




end; 




597 


3 




if J « 1 then configure, bytefcnt » readfby te < j ) • 




559 


3 




else configure. info( J - 2) « readtby te ( j ) ; 




560 


3 




J * Oi 




561 


3 




call uirite(0, «(ODH. OAH. ' Any more bytes? (Y or N) »«> ') 


, 3rf, 










(sstatus). 


562 


3 




end; 




563 


2 




preamble « shld. shr ( (configure, info (2) and 30H)/ 4)-t-l). 




564 


2 




address$length » configure. info(2) and 07Hi 




565 


2 




if addresstlength » 7 then address«length « Oi 




567 


2 




ad$loc « shr ( (configure, inf 0(2) and 08H). 3); 




568 


2 




if shr ( (configure, inf 0(7) and 20H)> 5) then crc « 2; else crc » 


4; 


571 


2 




if shr ( (configure, inf o(7) and lOH). 4) then crc « 0; 




573 


2 


end 


setup$conf iguretparameters; 
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574 


1 


setup*t x*parameters proced,ure» 


575 


2 


declare 


('Size# i) 'UJOT*di 


576 


2 


do 


^ OT* ever 9 


577 


3 




n o^^tran sffl 1 s s 1 0 n ~ false> 


578 


3 




transmit, bdtoffset — offset (@tbd act$count)' 


579 


3 




if not ad$loc then 


580 


3 




do; 


581 


4 




rail iii'pif0<O. fl>(nnH. OAM. 








' Enter a destination address in Hex ')< 42> @statuf>)i 


582 


4 






583 


4 






584 


3 




else call U)riteln(0i @( ' 82586 is configured to pick up DA> IA> ' > 








' and TYPE from TX buffer. ')> 64^ estatus)< 


585 


3 




call cr$lf; 


586 


3 




if not ad^loc then 


587 


3 




do; 


588 


4 




call write(0« @(ODH» 0AH> ' Enter TYPE 18^ ^istatus); 


589 


4 




transmi t . t y p e * read$int (OFFFFH) > 


590 


4 






591 


3 




call uiriteln(0« @(ODHi OAH« ' How many bytes of transmit 6ata'>')t 35< 








esteitus). 


592 


3 




call uirite(Oi @< ' Enter a number 20i @status)i 


593 


3 




size = read«int(1518); 


594 


3 




tbd. act*count size or 8000Hi 


595 


3 




if size O 0 then 


596 


3 




doi 


597 


4 




tbd. link«offset = OFFFFH; 


598 


4 




tbd.adO = offset (St x«buf f er (0) ) > 


599 


4 




tbd. adl » 0. 


600 


4 




do i = 0 to 1517; 


601 


5 




tx«buffer(i) » i; 


602 


5 




end; 


603 


4 




call uir i teln (0> 








@(ODHi OAH> ' Transmit Data is continuous numbers (0> X> 2» 3t ' > 








' . . . ) 57, estatus), 


604 


4 




call uirite(Oj 6( ^ Change any data bytes? <Y or N) 3'/< 








&&lcliU& ) » 


605 


4 




d o uih i 1 e y es« 


606 


5 




call uirite(0# @(ODH# OAHi ' Enter a byte number ==> ')> 








^*/» 6stdtus)> 


607 


5 




i « read'fint (size); 


608 


5 




call uirite(Oi ^(ODH, OAH, ' Byte 8, ^status). 


609 


5 




call outtftdecthex ( i ); 


610 


5 




call u>rite(0« e( ' currently contains 20* estatus), 


611 


5 




call out«dec$hex(tx«buffer(i) ); 


612 


5 




call write<0, SC.'), 1, ©status); 


613 


5 




tx«buffer(i) » read«by te< i ); 


614 


5 




call uirite(0» e(ODH, OAH, ' Any more bytes? (Y or N) =<> ')i 








32, esiatus); 


615 


5 




end; 


616 


4 




end; 


617 


3 




else 








transmit. bd»offset = OFFFFH; 


618 


3 




call crflf; 
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619 


3 


call init«186«tiin»r0i 




620 


3 


call uiritt(0< t(ODH# OAHi ' Sttup a trantAit ttrminal 


count? ' » 






' <Y or N) ■»> ') 


49* Gstatue); 


621 


3 


if get th»n 




622 


3 


do* 




623 


4 


stop * troai 




624 


4 


call write <0» ft<ODH» OAH» ' Entar a transmit'* 








' tarminal count 


'). 39. ^status); 


625 


4 


stoptcount « raad»int(OFFFFFFFFH)i 




626 


4 


and* 




627 


3 


alsa stop falsa* 




628 


3 


call crtlf. 




629 




rail A • 

cax 1 crvi r> 




630 


3 


call pr int*paramttars* 




631 


3 


call u»rite(0. «(ODH, OAH* ' Good enough? (Y or N) ««> 


')* 29* 








@siciius ) * 


632 


3 


if yes than return* 




634 


3 


endi 




639 


2 


end setupi>tx«parameters* 




636 


1 


looptchar: procedure (i* j)* 




637 


2 


declare (i* j* k) byte; 




638 


2 


do k « 1 to i* 




639 


3 


call uirite(0* Sj* 1* Qstatus)* 




640 




end* 




641 


2 


VI1IJ XODpV^noir* 




642 




JLMXv. |ll UUVUilT^V* 




643 


2 






644 


2 


call cr^lf* 




649 


2 


call loop$char ( 13* OAH)* 




646 


2 


call looptkchar ( 19* ' ')i 




647 


2 


call uiriteln(0. «( 'TRAFFIC SIMULATOR AND MONITOR', 








' STATION PROGRAM ')* 46, 


Sstatus ) * 


648 


2 


call loop«char(7, OAH); 




649 


2 


rail HIT* 1 t-a 1 n < O. A { t\T\l4 f\AU ' T n i ^ i a 1 i v A 4> i nn haniin'^ 

caij> uiriveinivi* dui/n* vnn* inixiai i za vion Degun /* ciJ* 


VS va bUS / * 


690 


2 


call cr«lf* 




691 


2 


reset = true; 




652 


2 


curtcb^of f set » OFFFFH; 




693 


2 


output (ESI»PORT) » NO«LOOPBACK; 




694 


2 


output (ESItPORT) - LOOPBACK; 




699 


2 


dhex = false* 








/» set up interrupt logic */ 




696 


2 


call set*interrupt(INT*TYPE*986* isr); 




657 


2 


call set»xnterrupt<INT*TYPE«TIMERO, txtisr)* 








4»IF SBC18691 
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call set«interr up t < INT*7» i5r7)/ 








output (PIG«MASK«130) » ENAQLE«586«186. 








output (PIC*E0I*130) = E0I*CMD0«130; 








output <PIC*E0I*130) = E0I*CMD4*130i 








output <PIC»E0I*186) = E0I*CMD0*186. 








output (PIC*VTR*186) = 30H; 








$El.SE 




658 


2 


output <PIC»E0I*186) « E0I*CMD0«186i 




659 


2 


output <PIC*E0I*186) = E0I*CMD4»186, 




660 


2 


output (PIC$MASK$186) = ENA]3LE$586< 








«ENDIF 








/♦ locate iscp «/ 




661 


2 


iscp*ptr * ISCP*LOC«LOi 








/♦ set up fields in ISCP «/ 




662 


2 


iscp. busy » 1> 




663 


2 


iscp. scb^b (0) = SCBfBASE^LO; 




664 


2 


iscp. scb$b ( 1 ) 3s SCB$BASE4>HI; 




665 


2 


iscp. scb*o = offset (Sscb. status ) i 








/* set up SCB */ 




666 


2 


scb. status = Oi 




667 


2 


scb. cbl$offset — offset (^diagnose. status)i 




668 


2 


scb rpa*offset = offset (Srfd <0> . status ) ; 




669 


2 


scb. crc*errs = Oi 




670 


2 


scb. aln$errs - Oi 




671 


2 


scb. rsc*errs = Oi 




672 


2 


scb. ovTTi^errs Oi 








/* set up Diagnose command */ 




673 


2 


diagnose, status - Oi 




674 


2 


diagnose cmd « 7i 




675 


2 


diagnose link«offset « offset (©configure status). 








/* set up CONFIGURE command */ 




676 


2 


configure, status = Oi 




677 


2 


configure cmd « 2i 




678 


2 


configure. link*offset « offset (Siaisetup. status , 




680 


2 


call setup^conf igure^parametersi 








/♦ set up lA command */ 




681 


2 


iafsetup. status = Oi ' 




682 


2 


ia$setup. cmd » li 




683 


2 


ia*setup. link*offset = offset (emc*setup. status), 




684 


2 


call setup«ia«parametersi 
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/* set up MC command ♦/ 




685 




mcSsetup status = 0< 




686 


2 


mcSsetup. cmd = 8003H» 




687 


2 


mc^setup link^offset = OFFFFH. 




688 


2 


call setupfmc^parameters. 








/* set up one transmit cb linked to itself »/ 




689 


2 


transmit status =: 0> 




690 


2 


call iuriteln<0. ©(ODH, OAH, ' Would you like to transmit"-") 


, 30, Sstatus), 


691 


2 


call write(0, ' Enter a Y or N ==> 20, ©status), 




692 


2 


if yes then 




693 


2 


do, 




694 


3 


transmit cmd = 8004H, 




695 


3 


transmit link^offset « OFFFFH, 




696 


3 


transmi t. bdf of f set » offset (@tbd actScount), 




697 


3 


call setupStxSparameters, 




698 


3 


end. 




699 


2 


else noftransmi ss 1 on = true, 








/* initialize receive packet area 




700 


2 


do i = 0 to 3, 




701 


3 


rfd(i) status = 0, 




702 


3 


r TO 1 1 ; e i*s — u. 




703 


3 


rTO^i/ iinK*OTrset — OTtset ^erraii+i; status;. 




704 


3 


r f d < i ) , bd*of f set = OFFFFH, 




705 


3 


rbd(i) actScount = 0, 




706 


3 


rbd < i ). nex t$bd$l ink « offset (SrbdCi+l) act$count). 




707 


3 


rbd<i).adO = offset (erbuf<i) buffer<0)). 




708 


3 


rbd ( i ) ad 1 - 0, 




709 


3 


rbd<i) size = 1500, 




710 


3 


end; 




711 


2 


rfd<0). bd*of f set = offset (erbd(O) act«c6unt). 




712 


2 


rfd(4) status = 0; 




713 


2 


rf d(4). el*s = Oi 




714 


2 


rfd<4) link*offset = offset (Srf d (0) . status ) , 




715 


2 


rfd<4). bd*of f set = OFFFFH, 




716 




rbd (4). act*count = 0, 




717 


2 


rbd(4) next$bd$link = offset (@rbd(0) act$count). 




718 


2 


rbd<4).ad0 = offset ( ©rb uf ( 4 ) . b uf f er < 0) ) i 




719 


2 


rbd<4) adl = 0, 




720 


2 


rbd(4).size = 1500, 








/» initialize counters */ 




721 




count = 0, 




722 


2 


receive^count = 0, 




723 


2 


current$f rame == 0, 








/* issue the first CA */ 










292010-56 



Traffic Simulator/Monitor Station Program (Continued) 



1-323 



AP-274 



724 


2 


output<CA»PORT) * CA, 




725 


2 


end initi 




726 




print$help procedure; 




72^7 


2 


call uriteln(0/ e(ODH» OAH, ' Commands are 16, ^status); 


728 


2 


call u»riteln<0, ©(ODHi OAH, ' S - Setup CB D - Display RKD/CD'), 








45. e&iatus)* 


729 


2 


call uiriteln<0, «( ' P - 


Print SCB C - SCB Control CMD'), 4^!, 








e&t()tu&)i 


730 


2 


call wrxteln<0, «( ' L - 


ESI Loopback On N - ESI Loopback Off), 45, 








&f.>iutub); 


731 


2 


call u<riteln<0* e( ' A - 


Toggle Number Base'), 23, 








feti.itus). 


732 


2 


call iiiriteln(0. e< ' Z - 


Clear Tx Frame Cpunter'), 27, ^status), 


733 


2 


call writelnCO. ' Y - 


Clear Rx Frame Counter '), 27, ©status), 


734 


2 


call uiriteln<0. ' E - 


Exit to Continuous Mode'), 28, ©status), 


735 


2 


end print<>help« 




736 


1 


enter4>scb$cmd . procedurei 




737 


2 


declare i byte; 








/« enter a command into the 


SCB */ 


738 


2 


call cr«lfj 




739 


2 


if scb. cmd O 0 then 




740 


2 


do; 




741 


3 


call writeln(0« S( ' 


SCB command word is not (;leared'), 32, ©status), 


742 


3 


call uirite<0# ©< ' Try a Channel Attention? (Y or N) 








39, ©$,tatus); 


743 


3 


if yes then 




744 


3 


do* 




745 


4 


output<CA»PORT) 


■ CA; 


746 


4 


call writeln(0« 


©( ' Issued channel attent;ion ' ) , 25, ©status); 


747 


4 


call crtlfi 




748 


4 


return; 




749 


4 


end; 




750 


3 


end; 




751 


2 


call uirite(0» &( ' Do you 


want to enter any SCB commands? <Y or N) ')# 








53, ©statu*.); 


752 


2 


if not yes then return; 




754 


2 


call uirite(0> e(ODH» OAH 


, ' Enter CUC »*> '), 17, ©status); 


755 


2 


i » read«int<4); 




756 


2 


scb. cmd » scb. cmd or shl<double( i )« 8>; 


757 


2 


if i ■ 1 then scb. cblfoffset * cur$cb*of f set; 


759 


2 


call uirite<0« e(ODHi OAH 


, ' Enter RES bit »«> '), 21, ©status); 


760 


2 


i a read^bit; 




761 


2 


scb. cmd a scb. cmd or shKii 7); 


762 


2 


call uirite<0. e(ODH. OAH 


, ' Enter RUC -«> '), 17, ©status); 


763 


2 


I « read*int<4>; 




764 


2 


scb. cmd » scb. cmd or shl(i» 4); 
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765 


2 


If <<(scb cblfoffset = offset (fitransmit status)) 






and ((scb.cmd and OlOOH) = OlOOH)) or ((scb cmd and OOlOH) = OOlOH) ) 






and not <(5Cb cmd and 0080H) = 0080H) 


766 


2 


then goback » 


767 


2 


call uiriteln(0« 0(ODH/ OAH» ' Issued Channel Attention'), 27* @stat(is), 


768 




call cr*lfi 


769 


2 


output (CA4P0RT) a CAi 


770 


2 


end enter«scb4>cmd« 


771 


1 


pr i n t4 1 y p elih e 1 p . procedure* 






rail iiiT« 4 f-A 1 n ^ n A / OAkJ OAI»l ' C niruuMtsti h 1 nr k f-iina' ')< !?P< @« 'h^ t: il ) . 


773 


2 


call tairiteln<0, 8< ' N - Nop I - lA Setup')> 35. Sstatus)! 


77^ 


2 


call u»riteln(0. «< ' C ~ Configure M - MA Setup'), 35, estatu&), 


775 


2 


call writeinio, «t t — Transmit k — run /, JUi csxiaTUs;! 


776 


2 


call uiriteln(0i ®( ' D - Diagnose S - Dump Status'), 38» Qstatus), 


777 


2 


call uiriteln(0, Q( ' H - Print this message'), 23, dstatus), 


778 


2 


end pr int$type$helpi 


779 


1 


setup$cb' procedure; 


780 


2 


declare <t, valid) byte; 


781 


2 


vai Id ^ raise, 


782 


2 


do while not valxdi 


783 


3 


call uiriteiu, myun, uftn, tnter commana diock vype in ror , 








784 


3 


z — reaovcnar, 


785 


3 


It" \ T N.^ n / ano \v n / ana iv i / ana \ t; t i ana 






\X \.J> N ) ana \X s.^ n ) ana ix; s.^ n ; ana \z v.' r ) ana 






\ V u ) ana \ t s.^ a / ana \ i v ^ ana i t <v.^ c j ana 






\ t; %..> i / ana 1 1; s.j* i / ana i v 'i.^ n ) ana \ v m / ana 






\ T> S3 ) ano \ V N.-' s / unen 


786 




caxi u)riT>e(u, s^uun, uam, xxiegax commano dxock Type )t csv. 






VSb I'd V U £» / , 


787 


3 


else 


788 


3 


ir \t = n / or (t = n ) tinen caxi pr intvrypevneip, 


789 


3 


else valid = true. 


790 


3 


end j 


791 


2 


if (t = 'N') or (t = 'n ' ) then 


792 


2 


do, 


793 


3 


cur$cb*of f set = offset (@nop. status ), 


794 


3 


nop. status =0; 


795 


3 


nop. L.mu owvn* 


796 


3 


nop link*offset = OFFFFH, 


797 


3 




798 


2 


if (t = 'I') or <t = 'i') then 


799 


2 


do, 


800 


3 


cur*cb»of f set = offset (Siafsetup. status). 


801 


3 


ia«setup. status =0; 


802 


3 


ia$setup cmd = 8001H, 


803 


3 


ia«setup link»offset * OFFFFH, 


804 


3 


call setup$ia$parameters. 


805 


3 


end. 
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806 


2 


It \u V* f or \v — c ^ wnen ^ 




807 


2 


do* , 




808 


3 


j» * aw A ^ W A «% il £ «f M ^ •» M is is 0 M 4» / Ar* nn i» 1 n 1 1 o e^Jl4*iie): 
C UTiPC D »0 r r S e T OrrSBv tffiCOnTigure. svai>U9/> 




809 


3 


configure, status * 0» 




810 


3 


COnTljUrff. tmo " civ/w«.ni 




811 


3 


COnrigure. XinK'iOrrsefc = urrrrni 




812 


3 


call s*tup$conf iguret>para*i»eter8f 




813 


3 


end j 




814 


2 


jr \V * H / or \ r " mi tnen 




815 


2 


d oj 




816 


3 


c ur^c b^of f se t ■ offset (CJmc^setup. status); 




817 


3 


flic^setup. status ^ 0> 












819 








820 


3 


call setupiJwc^paraineter s» 




821 


3 






822 


2 






823 




d 0 j 




824 


3 


c ur 4c b^o f f s e t * offset (Stransnit. status)) 








transmit, status ^ Oi 




826 




4'i>ana<ti4^ cfliri as PtDOAHi 
vrMiiiiinJkv. tiifU ow^n* 






^ 






828 


3 


call se vUp* V XPparamw v«r»» 




829 


3 


end i 




830 


2 


It \ V * K / or \ v " r / vnen 




831 


2 






832 


3 


C urVC D VO r r se V * OttSBv \«var. siawus/i 




833 


3 


TtOr. SbaXrUS * u* 




834 


3 


4-<4t« r-fltff s RnnSM: 

irur. emu ™ ov/v^n* 




835 


3 


4-<4«t 1 4 nif 4!n44aa4- b OFFFFH: 
vOr. iinKvOTTSBv " wr r r r n » 




836 


3 


tdr. result ■ Oj 




837 


3 


end; 




838 


2 


XT \ X ■* 9 } or \fc" B / vnrn 




839 


2 


do; 








C UT^ D T T 9 V V ^ WTrwWV >va,vW9/* 




84 1 




dump, status * Oj 




842 


3 


dump, cmd » 8006Hi 




843 


3 


dump, linktoffset « OFFFFH; 




844 


3 


dump, bufftptr » offset (Sdump«area(0) ); 




845 


3 


end; 




846 


2 


if <t « 'D') or <t « 'd'> then 




847 


2 


do; 




848 


3 


cur4cb4of f set * offset (Sdiagnose. status)* 




849 


3 


UAvBI0ltW9V. sivMlrWal w* 




850 


3 


UAHI|ilW9w. UIIIU *" www r t i 1 




851 


3 


diagnose 1 inkl^of f set ** OFFFFH; 




852 


3 


end ; 




853 


2 ^ 


end setuptcb; 




854 


1 


displayfcofflffland*block; procedofe; 




855 


2 


declare <i> j) byte* 








uih pointer* 








sel selector* 








ui word; 
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896 


2 


call cr«lfj 




BS7 


2 


»f curtcb«of f»»t * OFFFFH thtn 




898 


2 


call uirit«(0* t( ' No Command Block to display')* 


28. Sstatus). 


899 


2 


if cur«cb«of f sat « offtat (tnop. status ) than 




860 


2 


do; 




861 


3 


call uirita<0. t< ' NOP Command Block 23, 


^status) . 


862 


3 


call pr inti>u»ds (tnop. status* 3); 




863 


3 


and; 




864 


2 


if cur^cbtof f sat «» offsat (fttdr. status) than 




869 


2 


do; 




866 


3 


call writa<0, •< ' TDR Command Block '). 23. 


fistatus); 


867 


3 


call print^uids (ttdr. status. 4>; 




868 


3 


and; 




869 


2 


if curtcbtof f sat » offsat (ftdiagnosa. status) than 




870 


2 


do; 




871 


3 


call uirita<0* «( ' Diagnosa Command Block ')# 


28. ^status); 


872 


3 


call print<^u>ds(tdiagnosa. status* 3); 




873 


3 


and; 




874 


2 


if curtcb^of f set « offsat (^transmit, status) than 




879 


2 


do; 




876 


3 


call iiirita<0» •( ' Transmit Command Block ')» 


28. e&tatus); 


877 


3 


if not addrasstlangth than i " addrass«langth; 




879 


3 


alsa I " addrass^langth ^ 1; 




880 


3 


if adtloc than call printtu»ds(fttransmit. status* 


4); 


882 


3 


alsa call print*uids(ttransmit. status. i/2-«-l); 




883 


3 


call cr»lf; 




884 


3 


call crflf; 




889 


3 


if transmit bdtoffsat O OFFFFH then 




886 


3 


do; 




887 


4 


call uirita(0. e< ' Transmit Buffer Descriptor '). 33* ^status); 


888 


4 


call pr int*uids(fttbd. actlicount. 4); 




889 


4 


call urite(0, «»(ODH. OAH. OAH. 








' Display the transmit buffer? <Y or N) 


==> '). 46. ©status); 


890 


4 


if yes then 




891 


4 


do; 




892 


9 


call cr»lf; 




893 


9 


call uiriteln(0. a< ' Transmit Buffer:'). 


17. estatus). 


894 


9 


Ill « tbd. act*count and 3FFFH; 




899 


9 


call printtbuff (etxfbuffer(O). w); 




896 


9 


end; 




897 


4 


end; 




898 


3 


end; 




899 


2 


if cur$cb<of f set » offset (ftiafsetup. status) then 




900 


2 


do. 




901 


3 


call uirite(0. ' lA Setup Command Block '), 


28. ©status); 


902 


3 


call printSuids (Giatsetup! status. 6). 




903 


3 


end. 




904 


2 


if cur*cb«of f set « offset (^configure, status) then 




909 


2 


do. 




906 


3 


call «iirite(0. e< ' Configuire Command Block '). 29. ^status); 


907 


3 


call pr intfuids (Sconf igure status. 9); 




908 


3 


end; 




909 


2 


if curScbtof f set » offset (Smctsetup. status) then 




910 


2 


do; 




911 


3 


call ttirite(0. ' MC Setup Command Block '). 


28. ©status). 


912 


3 


i = 4 + mctcount/2; 
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913 


3 


if mctcount ."^ 24 then 


914 


3 




915 


4 


call pnnttwds (@mc$setup. status* 16) i 


916 


4 


call pause; 


917 


4 


1 = 1 - 16. 


918 


4 


call print$uids(@mciftsetup. flnc«addre5s(8)f 1)^ 


919 


4 


end» 


920 


3 


else call pr int$u>ds <emc*setup status* i)» 


921 


3 


end, , 1 . 


922 


2 


if cur«cb*of f set = offset <edu<np status) then 


923 




do. 


924 


3 


call uirite(0. @< ' Dump Status Command Block '). 31, ©status). 


925 


3 


call pr int$uids ( €tdump status, 4), ' 


926 


3 


if dump status = OAOOOH then 


927 


3 


do, 


928 


4 


call uiriteln(0, e(ODH' OAH, ' Dump Status Results'). 22, Ssiatus) 


92<5 


4 


call uirite*of f set (edump*area<0) )> 


930 


4 


call cr*lf; 


931 


4 


do 1 = 0 to 9, 


932 


5 


call print«str (@dumpSarea( 16-»i ), 16). 


933 


5 


end. 


934 


4 


call print^str (edump«area( 160). 10)i 


'935 


4 


call cr*lfi - 


936 


4 


end; 


937 


3 


end. 


938 


2 


end d i sp lay$c ommand$b 1 oc k i 


939 


1 


d 1, sp layvrece i ve$area : procedure. 


940 




oeciare vi. k. j, ii pyve. 






chaT*s(4) byte; 


941 


2 


call uiritejn(o, etui/n. oam. rrame uescriptors cJi, estatus/, 


942 


2 


XT ao^ioc then 


943 


2 


d Oi 


944 


3 


call uiritelniOf eiouHi oah. da> sa» and TYrt are in burrer. , ui>H. 






OAH), 36. e&tatos). 


945 


3 


J « 3; 


946 


3 


endi 


947 


2 


else J =• address$leng th + 4, 


948 


2 


do k = 0 to j; 


949 


3 


do i = 0 to 4; 


950 


4 


call out$word (erf d < i ) status, k); 


95J 


4 


if k s= 0 then call wr i te*off set (Srfd ( i ). status ) , 


953 


4 


else call lpop$char < 10. ' 


954 


4 


end : 


955 


3 


call cr$l f . 


956 


3 


end. 


957 




call u>riteln(0. @(ODH. 0AM« OAH. ' Receive Buffer Descriptors' '), liJ. 






&St£itU5)i 


958 


2 


do k = 0 to 4. 


959 


3 


do i = 0 to 4i 


960 


4 


call out$word (Srbd ( i ) . ac t^count. k)i 


961 


4 


if k =0 then call uir i te*of f set (©rbd < i ) . ac t*c oun t ) . 


963 


4 


else call loop«char ( 10. ' 


964 


4 


end, 
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969 


3 


cali cr»lf. 






966 


3 


«ndi 






967 


2 


call uirit«(0« e(ODH« OAHi OAH« ' Ditplay th» received 








' buffers- (V or N) '). 46, talus); 






2 


if not u«ft then return. 






970 


2 


call writ»ln(0. ©<ODH, OAH, ' Receive Buffer* 19, ©status). 




971 


2 


do i « o tu 4, 






972 


3 


call u»rite(0, «<ODH, OAH, ' Receive Buffer '), 18, ^^t^^., .-- 




973 


3 


call uir itef int ( 1, 0), 






974 


3 


call u»riteln(0, fi( ' '), 2. ©status) 








k * rbd<i> acttcount and SFFFH, 






, 


3 


call printfbuf f <<lrbM*< i > ouffer<0>, fc); 




977 


3 


call paus«: 






978 


3 


endi 








2 


end d isp lay$receive4area, 






980 


i 


d i sp lay4>cb<rpa: procedure; 






981 


2 


declare i byte. 






982 


2 


^ 1 1 ■.!•> i ^ m. t f\ at Anu /^ALJ nMm^n m 
Cttkl UfriCeiU, ^SvUUn, UAH, uOmmana 


Block or Receive Area'' Kt\ oi — •» > 














983 


2 


1 SB readVcnari 








2 


u o vin 1 1 w \i n / ana \i t / 


anii ii <"% T ' > anil* (i 'r')j 




98& 


3 




1 1 g a 1 c omman d '), 18, ©status^, 




986 


3 


call uirxte^O, ©( ' Enter R or C 


/, AC], \SSv«fcU5/, 




987 




i " read4^char'j 






988 


3 


T"*^' . .. 11 






989 


2 


It \1 * n / or '1 * r / tnen call 


0 1 s p 1 ay ♦r e c e i ve^ar ea » 






2 


else call d isp lay«command$b loc k; 






992 


2 


end display*cb$rpaf 






993 


1 


pr'»ce5s*cmd . procedure; 






994 


2 


dec lare i u, i ^ byte; 






995 


2 


goback « 0; 










b ■ read$char; 






997 




call cr*lf; 






998 


2 


If (b O 'H') and (b O 'hM and (b 


O 'S') and (b O 's') and 








<b O 'D') and (b O 'd') and (b 


O 'P') and <b O p ^ 








ID 'O and <b O 'c') and (b 


O 'E') and (b O 'e'> and 








(b O 'L') and (b O '1') and (b 


O 'N') and (b O 'n') and 








(b O 'in and <b O 'zM and (b 


O 'Y') and (b O 'y') and 








(b O 'A') and <b O 'a') then 






999 


2 


call u>rite(0, ' Illegal command') 


16, ©status); 




1000 


2 


if <b « 'H') or (b = 'h') then call 


pr int1»helpi 




1002 


2 


If *fa = 'A') or (b = 'a') then 






1003 


2 


if dhex then 






1004 


2 


do, 






. :C5> 


"3 


dhex = false; 






1006 


3 


call birite(0, @( ' Counters are displayed in decimal M, 3b, 










©sti.tus) 




1007 


3 


end, 






1008 


2 


ex se 
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do> 




1009 


3 


dhex = true/ 




1010 


3 


call write(0. ©( ' 


Counters are displayed in ne«ddecTnal '), 39, 


101 1 


3 


end/ 




1012 


2 


i f (b = 'L ' ) or (b = ' 1 ' X 


then 


'012 


^ 


do. 




1014 


3 


output (ESI*PORT) = LOOPBACK. 


1015 


3 


call write(0, ©( ' ESI 


IS in Loopback Mode '), 25, ©status), 


1016 


3 


end» 




1017 


2 


if (b = N' ) or (b = 'n ' ) 


then 


1018 


2 


do, 




1019 


3 


output (ESI*PORT) = NO*LOOPBACK. 


1020 


3 


call write(0, ©( ' ESI 


IS NOT in Loopback Mode '), 29, ©status), 


1021 


3 


end, 




1022 


2 


if (b = 'Z ' ) or (b = '2 ' ) 


then 


1023 


2 


do; 




1024 


3 


count = 0. 




1025 


3 


call write<0. e< ' Transmit Frame Counter is cleared 35, ^status). 


1026 


3 


end, 




1027 


2 


If (b = 'Y ' ) or <b = 'y ' ) 


then 


1028 


2 


do. 




1029 


3 


receive*count = 0, 




1030 


3 


scb crc*errs, scb aln*errs, scb rsc*errs, scb. ovrn*errs = 0, 


1031 


3 


call write(0, @( ' Receive Frame Counter is cleared. 34, Sstatus); 


1032 


3 


end. 




1033 


2 


If (b = 'C ' ) or (b = 'c ' ) 


then call enter$&cb$cmd. 


1035 


2 


if (b = 'S') or (b = 's') 


then call setup4(cb; 


1037 


2 


If (b = 'P ' ) or (b = 'p ' ) 


then call print$scb, 


1039 


2 


if (b - 'D' ) or <b = 'd ' ) 


then call d isp lay$cb$r pa. 


1041 


2 


if (b = 'E' > or (b = 'e ' ) 


then goback =1; 


1043 


2 


call cr$lf. 


1044 


2 


end proces5*cmd, 




1045 


1 


getout: procedure, 




1046 


2 


declare b byte; 




1047 




b = read$chari 




1048 


2 


goback « Qj 




1049 


2 


call write<0, ©(ODH, OAH, 


'Enter command <H for help) ==> '), 34, 








©Gtatus); 


1050 


2 


do foreveri 




1051 


3 


if csts then 




1052 


3 


do, 




1053 


4 


disable; 




1054 


4 


call process$cmd. 




1055 


4 


enab le, 




1056 


4 


if goback then return; 


1058 


4 


call u»rite(0, @(ODH, OAH, ' Enter command (H for help) ==> '), 34, 








e&tiitui,). 


1059 


4 


end; 




1060 


3 


end , 




1061 


2 


end getout; 
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1062 


1 


update, procffdurei 




1063 


2 


declare i byte; 




1064 


2 


call cr»lf. 




1065 


2 


call loop^char ( 10. OAH), 




1066 


2 


call loop«char (28> 




1067 


2 


call ufrite(0> e( ' Station Configuration ')< 23* Cstatus)* 




1068 


2 


call loop«char (27. '*'). 




1069 


2 


call cr«lf, 




1070 


2 


call cr*lf; 




1071 


2 


call write(0, Q( ' Host Address. 15. ^status). 




1072 


2 


call pr inttnetuior ktaddr (diatsetup ia^address ( 0) ) ; 




1073 


2 


1 = Oi 




1074 


2 


call uirite(0. ' Multicast Address(es) 24. Sstatus); 




107S 


2 


if mctsetup. fflctby teHcount « 0 




1076 


2 


then call writeln(0» &i 'No Multicast Addresses Defined'). 30. Sstatus). 


1077 


2 


else 








do while i < mcfsetup mc$by te4>count; 




1078 


3 


call pr int*networ addr (Sfflctsetup fnc«address( i ) ) > 




1079 


3 


call loop«char (24* ' 




1080 


3 


1 « 1 + 6j 




1081 


3 


end i 




1082 


2 


call uirite(0. @(ODH)i 1. @status)< 




1083 


2 


if not no^transffii ss i on then call pr int^tparanietersi 




1085 


2 


call write<0. &(' 82586 Configuration Block. ')i 28. Sstatus); 




1086 


2 


call pr in tSs tr ( @c onf i g ure . info(O)* 10). 




1087 


2 


call cr*lfi 




1088 


2 


call 1 oop tc har ( 29< '-n-'). 




1089 


2 


call uirite(Oi e( ' Station Activities 20. Sstatus); 




1090 


2 


call loop*char (29, 




1091 


2 


call cr«lfi 




1092 


2 


call cr$lf; 




1093 


2 


call uiriteln(0. 








e( ' # of Good # of Good CRC Alignment No 


R(?c ei ve ' > , 






73, 


^status ) ; 


1094 


2 


call writeln(0. 








e( ' Frames Frames Errors Errors Resource 


□vtrrun ' ) , 






73, 


estatus ) , 


1095 


2 


calluiriteln(0, 








e( ' Transmitted Received Errors 


El T ors ' > . 






72. 


^status ) , 


1096 


2 


end update; 




1097 


1 


main 








call init. 




1098 




enab le, 




1099 




do uihile reset; 




1100 




end. 




1101 




d isab le. 




1102 




scb cmd = OlOOH; 




1103 




output (CARPORT) = CA; 




1104 




call uiait^scb. 




1 105 




enable. 
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1 106 


1 


do uihile (diagnose status and 8000H) O 8000H> 


1 107 


2 


endi 


1 108 




call cr»lfi 


1 109 




if diagnose status <> OAOOOH 


1110 




then call ufriteln<0. e( ' Diagnose failed' ')> 17 > Sstatus). 


nil 


1 


if configure, status <> OAOOOH 


1112 


I 


then call writeln<0, €< ' Configure failed!'), 18 . es-tatus), 


1113 


I 


if ia*setup status <> OAOOOH 


1114 


I 


then call uriteln(0, e( ' lA Setup failed'')/ 17 , estatus). 


1115 


I 


if mc$setup. status OAOOOH 


1116 




then call writeln(0, e( ' MC Setup failed!'), 17 , ^status). 


1117 




scb cbl$offset offset (Stransmit. status). 


1 1 18 




call uiriteln(0, e(ODH, OAH, ' Receive Unit is active. '), 26, Sstatus), 


1119 


1 


disable. 


1120 




scb. cmd ~ OOlOH, 


1121 


I 


output<CASPORT) = CA, 


1 122 




call uait$scbi 


1123 




enable. 


1 124 




output (ESI^PORT) > NO«LOOPBACK, 


1125 




call cr«lf. 


1126 




if not no^transmission then 


1127 


I 


do. 


1128 


2 


call uirite(0, ©< ' Transmit Command Block '), 28, ©status); 


1129 


2 


call print^wds (Stransmit. status, 8); 


1130 


2 


call crflf. 


1131 


2 


cur*cbfof f set » offset (©transmit, status); 


1132 


2 


call pause; 


1133 


2 


do z « 1 to 60; 


1134 


3 


call time(250)i 


1135 


3 


end, 


1136 


2 


call writeln(0, ©(ODH, OAH, 'transmission started!'), 23, ©status); 


1137 


2 


call cr«lf, 


1138 


2 


disable; 


1139 


2 


scb cmd « OlOOH; 


1140 


2 


output (CA*PORT) = CA; 


1141 


2 


call uait«scb. 


1142 


2 


enable; 


1143 


2 


end; 


1144 


1 


call update; 


1145 


1 


do forever, 


1146 


2 


call urite(0, @(ODH, ' '), 2, ©status); 


1147 


2 


do g s 0 to 5, 


1148 


3 


do case y; 


1149 


4 


call writeliint (count, dhex); 


1150 


4 


call utrite^int (receive^count, dhex); 


1151 


4 


call utr ite^int ( scb. crc$errs, dhex); 


1 152 


4 


call wr ite^int ( scb. aln$errs, dhex); 


1 153 


4 


call uir i t e$ 1 n t ( sc b . rsc4>errs, dhex); 


1154 


4 


call uirite$int(scb ovrnferrs, dhex); 


1155 


4 


end; 


1 156 


3 


charScount 13 *" chartcount, 


1157 


3 


call loopfchar (char^count, ' '), 


1158 


3 


end; 


1159 


2 


if csts then 


1160 


2 


do; 


1161 


3 


disable; 


1162 


3 


call getout; 


1163 


. 3 


call update. 


1164 


3 


end; 


1165 


2 


end; 


1166 


1 


end tsms, 
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MODULE INFORMATION: 

CODE AREA SIZE = 23C3H 9155D 

CONSTANT AREA SIZE = 0F85H 3973D 

VARIABLE AREA SIZE « 265EH 9822D 

MAXIMUM STACK SIZE « 0092H 146D 

1994 LINES READ 

0 PROGRAM WARNINGS 

0 PROGRAM ERRORS 

DICTIONARY SUMMARY 

159KB MEMORY AVAILABLE 
23KB MEMORY USED (14%) 
0KB DISK SPACE USED 

END OF PL/M~86 COMPILATION 
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/«*««•**«««*«***«««■*«■« it ««« 

/» «/ 

/* 186/586 High Integration Board initialization Routine «/ 

(This driver is configured for Ethernet/Cheapernet Desiqn */ 

/* Kit Demo Board) »/ 

/» ' 

/* Ver 2.0 March 14, 1986 */ 

/* ¥/ 

Kiyoshi Nishide Intel Lorporation «/ 

, ^ »/ 

/♦ The conditional compilation pa^'ameter 'EPR0M27128' determines board r<OM 
size If it 15 true, the 80ie6's mait state aenerator is programmed to 
0 wait state for upper 64K-byte memory locations Ir zt is false, the 
uidit state generator is programmed to 0 uiait state for uppe-^ le.'8K-bi|ti> 
memory locacions ♦/ 



do; 

I. declare hib_ir label public; 

3 1 declare main label external; 

4 1 declare menu laoel e»ternal; 

/♦ literals «/ 



lit literally 


' 1 iteral iy 


UMCS_reg 


lit 


'OFFAOH', 


LJ-TS reg 


lit 


'0FFA2H', 


PACS reg 


1 it 


'0FFA4H', 


MFCS reg 


lit 


' OFFA^M ' , 


INT MASK reg 


lit 


'0FF28H', 


ISCP»LOC*LO 


lit 


'03FF8H', 


ISCP»LOC*HI 


lit 




5Cr CH_B CMD 


lit 


'8300H'. 


SCC_CH_£_rATA 


lit 


'8302H', 


SCC_CH_A_CMD 


1 1 L 


'9104H', 


SCC_CH_A DAT/^ 


lit 


'8306H', 


Nt 


lit 


'0', 


CR 


lit 


'ODH', 


LF 


lit 


'OAH', 


BS 


lit 


'08H', 


SP 


lit 


'20H'. 


QM 


lit 


'3Fh , 


DEL 


lit 


'07FH', 


BEL 


lit 


'07H'; 
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/# System Configuration Pointer «/ 


6 


1 


declare scp structure 

( 

sysbus bytoi 
unused (9) byte« 
iscpteddrVlo word, 
iscp4«ddr«hi word 










at (0FFFF6H) data (0, 0, 0, 0, 0, 0, I8CP«L0C«L0, ISCP«LOC«Hin 


T 


1 


init«int«clt: procedurei 


8 


2 


output (INT_mask.reg> « OFFH* /♦ mask all interrupts */ 


9 


2 


end init«int«clti 


10 

11 


1 
2 


rra: procedure (res.no) bytei 
declare reg.no bytei 


12 
14 


2 
2 


if <reg_no and OFH) O 0 then output <SCC_CH. A_CMD) « reg no and OFHi 
return input (8CC_CH_A_CMD)i 


19 


2 


end rra; 


16 
17 


1 
2 


rrb: procedure (regjno) byte; 
declare regjno byte; 


18 
20 


2 
2 


if <reg_ho and OFH) OO then output <SCC CH_Bj:mD) » reg no and OFHj 
return input (8CC_CH_B.CMD) i 


21 


2 


end rrbi 


22 
2? 


1 

2 


u/ra: procedure <reg.noi value); 
declare (regjno, value) byte; 


24 
26 


2 
2 


if (reg_no and OFH) O 0 then output <8CC CH A CMD) « reg no and OFH; 
output <SCC_CH_A_CMD) -value; 


27 


2 


end wra; 


28 
2o 


1 


wrb. procedure (reg.no, value); 
declare (reg_no, value) byte; 


30 
32 


2 
2 


if (rea no and OFH) O th*n ouIibu'I; (SCC CH B CMD) m tbo no anil OF-Mi 
output <8CC_CH_B_CMD) « value; 


33 


2 


end wrb; 


34 


1 


init4i8CC$B: procedure; 


35 


2 


call wrb (09, 01000000b); /* channel B reset «/ 
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36 


2 


call uirb(04, OlOOlUOb). /« 2 stop, no parity, brf « 16x */ 


37 


2 


call u)rb(03. llOOOOOOb); /« rx 8 bits/char, no auto-enable «/ 


38 


? 


call ijrb(05. 01100000b)i /# tx 8 bits/char »/ 


39 




call wrbdO. 00000000b). 


40 


2 


call uirbdl. OlOlOllOb). /* rxc = txc » BRG. trxc « BRG out */ 


41 


2 


call uirb(12. 0000101 lb). /« baud rate " 9600 «/ 


42 


2 


call u)rb<13. 00000000b ) > 


43 


2 


call uirb(14. 0000001 lb); /* BRG source SYS CLK. enable BRG */ 


44 


2 


call ufrb(15. 00000000b). /* all ext status interrupts off */ 


4? 




call uirb(03. llOOOOOlb); /* scc—b receive enable */ 


46 


2 


call uirb(05. lUOlOlOb). /♦ scc-b transmit enable, dtr on. rts on */ 


47 


2 


end init«SCC«Bi 


48 


1 


c4iin: procedure byte public. 


49 


3 


do while (input(SCC_CH_B_CMD) and 1 ) « Oi end; 


51 




return » input; t&v»i»_t»M__ii__i/Ai Ai J j 


52 


2 


end cl^inj 


53 


1 


cSout: procedure (char) public; 


54 


2 


declare char byte; 


55 


3 


do while ( input <SCC_CH_B_CMD) and 4) = Oi end; 


57 


2 


output <SCC_CH_B_DATA) « char; 


58 


2 


end c^outi 


59 


1 


read: procedure (file»id. msg«ptr. count, actualtptr. status*ptr) public; 


60 


2 


declare filetid word. 






insg^ptr pointer. 






count word. 






actualtptr pointer. 






statusfptr pointer. 






flisg based nisg4»ptr (1) byte. 






buf (200) byte. 






actual based actualtptr word. 






status based statusfptr word. 






i word. 






ch byte; 






/* This procedure implements the ISIS read procedure. All control characters */ 






/« except LF. BS. and DEL are ignored. If BS or O^L is encountered, a «/ 






/« backspace is done. «/ 


61 


2 


status » Oi 


62 


2 


i. ch « Oi 


63 


2 


do while (ch O CR) and (ch O LF) and (i < I98)i 


64 


3 


ch » c«in and 07FHi 


65 


3 


if (ch « BS) or (ch » DEL) then 


66 


3 


doi 
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67 


4 


if i > 0 then 




68 


4 


do; 




69 


5 


i « i - li 




70 


5 


call c«out<DEL)i 




71 


5 


call c«out(BS)i 




72 


5 


call c«out(SP)i 




73 


5 


call c«out<DEL)> 




74 


5 


call c«out(BS); 




75 


5 


end; 




76 


4 


else 








call c«out(BEL)i 




77 


4 


end; 




78 


3 


else 








if ch >= SP then 




79 


3 


do; 




80 


4 


call c«out(ch>; 




81 


4 


buf(i) » ch; 




82 


4 


i = i + 1; 




83 


4 


end; 




84 


3 


else 








if (ch = CR) or (ch = LF) then 




85 


3 


do; 




86 


4 


buf(i) = CR; 




87 


4 


buf(i + 1) « LF; 




88 


4 


i = i + 2; 




89 








90 


3 


else 








call c«out(BEL); 




91 


3 


end; 




92 


2 


call c«out(CR); 




93 


2 


IT 1 ✓ COUTlV fcUWU 1 ~" l,UUIlV< 




95 


2 


actual a i; 




96 


2 


do i ^ 0 to actual *~ 1; 




97 


3 


msg ( i ) » buf ( i ) ; 




98 


3 


end; 




99 


2 


end read; 




100 


1 


csts: procedure byte public* 




101 


2 


return (( input ( SCC_CH_B_CMD ) and 1) O 0), 




102 


2 


end csts; 




103 


1 


uirite: procedure (file$id> msg$ptr« count* status^ptr) public* 




104 


2 


declare (file^iid* count) word* 








(msg$ptr/ status*ptr) pointer* 








msg based msg$ptr (1) byte* 








status based status^ptr word* 








ch byte* 








i uiord* 








/* This procedure implements the ISIS uirite »/ 




105 


2 


status = 0; 
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106 


2 


1 = 0; 








107 


2 


do uihile 1 < counti 








108 


3 


c h — ffis g ( i ) > 








109 


3 


if ((ch >« SP) and 


(ch <: DEL)) 


or (ch = CR) or (ch = LF) or (ch = NUL) 






then 








110 


3 


call c«out(ch) 








111 


3 


else 












call c«out(QM) 








112 


3 


i = i + 1, 








113 


3 


end; 








114 


2 


end uiritei 








115 


1 


hib_ir: 












♦IF EPR0M27128 












output (UMCS_reg ) * 


0F03BHi 


/« 


Starting Address OFOOOOH* 












no wait state 'H-/ 






«ELSE 












output <UMCS_r eg ) » 


0E036HJ 


/« 


Starting Address « OEOOOOH* 












no wait state «/ 






♦END IF 








116 


1 


output (LliCS__r eg ) « 


03FCHi 


/♦ 


16Ki no wait state */ 


117 


1 


output (PACS^reg > « 


083CH; 


/* 


PBA « 8000H, no wait state for 












PSCO-3 »/ 


118 


1 


output (MPCS__reg ) « 


OBFHi 


/* Peripherals in I/O space* no Al S< A2 












provided! 3 wait states for PSC4-6 */ 


119 


1 


call init^int^clt* 








120 


1 


call init^SCC^Bj 








121 


1 


go to main* 








122 


1 


end inil86i 
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APPENDIX C 
THE 82530 SCC - 80186 INTERFACE AP BRIEF 



INTRODUCTION 



INTERFACE OVERVIEW 



The object of this document is to give the 82530 system 
designer an in-depth worst case design analysis of the 
typical interface to a 80186 based system. This docu- 
ment has been revised to include the new specifications 
for the 6 MHz 82530. The new specifications yield bet- 
ter margins and a 1 wait state interface to the CPU (2 
wait states are required for DMA cycles). These new 
specifications will appear in the 1987 data sheet and 
advanced specification information can be obtained 
from your local Intel sales office. The following analy- 
sis includes a discussion of how the interface TTL is 
utiHzed to meet the timing requirements of the 80186 
and the 82530. In addition, several optional interface 
configurations are also considered. 



The 82530 - 80186 interface requires the TTL circuitry 
illustrated in Figure 1. Using five 14 pin TTL packages, 
74LS74, 74AS74, 74AS08, 74AS04, and 74LS32, the 
following operational modes are supported: 

• Polled 

• Interrupt in vectored mode 

• Interrupt in non-vectored mode 

• Half-duplex DMA on both channels 

• Full-duplex DMA on channel A 

A brief description of the interface functional require- 
ments during the five possible BUS operations follows 
below. 



PftTft (D7-De) 




1-0 n5T 

ifoinrf /REQB 

lEI 
lEO 
CLK 



RXBft 
TRXCA 

CPS 

TXDB 
RXBB 
TRXfcg 
ftYkCff 

ucc 

8ND 



H - PULLED HIGH THROUGH 5K OHM 

Ul - 74LS74 

U2 - 74ASe8 

U3 - 74AS04 

U4 - 74AS74 

US - 74LS32 
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Figure 1. 82530-80186 Interface 
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82530 
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AD 

ALE 
DATA 
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Figure 2. 80186-82530 Interface Read Cycle 
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15ET7 



DATA 
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1^ 
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Figure 3. 80186-82530 Interface Write Cycle 



READ CYCLE: The 80186 read cycle requirements are 
met without any additional logic, Figure 2. At least one 
wait state is required to meet the 82530 tAD access 
time. 

WRITE CYCLE; The 82530 requires that data must be 
valid while the WR pulse is low, Figu re 3. A D Flip- 
Flop delays the leading edge of WR until the falling 
edg e of CLOCKOUT when data is guaranteed valid 
and WR is guaranteed active. The CLOCKOUT signal 



is inverted to assure that WR is active low before the D 
Flip-Flop is clock ed. N o wait states are necessary to 
meet the 82530's WR cycle requirements, but one is 
assumed from the RD cycle. 

INTA CYCLE: During an interru pt acknowledge cy- 
cle, the 80186 provides two INTA pulses, one per bus 
cycle, separate d by tw o idle states . Th e 82530 expects 
only one long INTA puls e with a RD pulse occurring 
only after the 82530 lEI/IEO daisy chain settles. As 
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UNITS: 125 NS/12 



CLKOUT 

80186 DT/TT 
TRY?? 
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INTA 
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UECTOR 
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"Tic r 
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Figure 4. 82530-80186 INTA Cycle 



illustrated in Figure 4, the INTA signal is sampled on 
the rising edge of CLK (82530). Two D Flip-Flops and 
two TTL gates, U2 an d U5, are implemented to g ener- 
ate the proper INTA and RD pulses. Also, the INT 
signal is passively pulled high, through a 1 k resistor, 
and inverted through U3 to meet the 80186's active 
high requirement. 

DMA CYCLE: Conveniently, the 80186 DMA cycle 
timings are the same as generic read and write opera- 
tions. Therefore, with two wait states, only two modifi- 
cations to the DMA request signals are necessary. 
First, the RDYREQA signal is inverte d through U3 
similar to the INT signal, and second the DTR/REQA 
signal is conditioned through a D Flip-Flop to prevent 
inadve rtent back to back DMA cycles. Because the 
82530 DTR/REQA signal remains active low for over 
five CLK (82530)'s, an additional DMA cycle could 
occur. Th is uncertain condition is corrected when U4 
resets the DTR/REQ signal inactive high. Full Duplex 
on both DMA channels can easily be supported with 
one extra D Flip-Flop and an inverter. 

RESET: The 82530 does not have a dedicated RESET 
inpu t. In stead, the simultaneous assertion of both RD 
and WR causes a hardware reset. This hardware reset 
is implemented through U2, U3, and U4. 



need not be as extensive as the typical interface used in 
this analysis. Two alternative configurations are dis- 
cussed below. 

8288 BUS CONTROLLER: An 80186 based system 
implementing an 8288 bus controller will not require 
the preconditioning of the WR signal through the D 
FU p-Flop U 4. When utilizing an 8288, the control sig- 
nal lOWC does not go active until data is valid, there- 
fore, meeting the timing requirements of the 82530. In 
such a configu ration, it will be necessary to logically 
OR the lOWC with reset to accommodate a hardware 
reset operation. 

NON-VECTORED INTERRUPTS: If the 82530 is to 
be operated in the non-vectored interrupt mode (B step 
only), the interface will not require Ul or U5. Instead, 
INTA on the 8 2530 sho uld be pulled high, and pin 3 of 
U2 (RD AND RESET) should be fed directly into the 
RD input of the SCC. 

Obviously, the amount of required interface logic is ap- 
plication dependent and in many cases can be consider- 
ably less than required by the typical configuration, 
supporting all modes of SCC operation. 



DESIGN ANALYSIS 



ALTERNATIVE INTERFACE 
CONFIGURATIONS 

Due to its wide range of applications, the 82530 inter- 
face can have many varying configurations. In most of 
these applications the supported modes of operation 



This design analysis is for a typical microprocessor sys- 
tem, pictured in Figure 5. The Timing analysis assumes 
an 8 MHz 80186 and a 4 MHz 82530. Also, included in 
the analysis are bus loading, and TTL-MOS compati- 
bihty considerations. 
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Figure 5. Typical ly/licroprocessor System 



Bus Loading and Voltage Level 
Compatabilities 

The data and address lines do not exceed the drive ca- 
pability of either 80186 or the 82530. There are several 
control lines that drive more than one TTL equivalent 
input. The drive capability of these lines are detailed 
below. 

WR: The WR signal drives U3 and U4. 

* lol (2.0 mA) > ill (-0.4 mA + -0.5 mA) 
loh (-400 juA) > llh (20 juiA + 20 jiiA) 



PCS5: The PCS5 signal drives U2 and U4. 

* lol (2.0 mA) > III (-0.5 mA + -0.5 mA) 
loh (-400 jaA) > llh (20 jaA + 20 jaA) 



INTA: The INTA signal drives 2(U1) and U5. 

* lol (2.0 mA) > III (-0.4 mA + -0.8 mA + -0.4 mA) 
loh (-400 jLiA) > lih (20 jaA + 40 jLiA + 20 jiiA) 

All the 82530 I/O pins are TTL voltage level compati- 
ble. 



TIMING ANALYSIS 

Certain symbolic conventions are adhered to through- 
out the analysis below and are introduced for clarity. 

1. All timing variables with a lower case first letter are 
82530 timing requirements or responses (i.e., tRR). 

2. All timing variables with Upper cas^ first letters are 
80186 timing responses or requirements unless pre- 
ceded by another device's alpha-numeric code (i.e., 
Tclcl or *373 Tpd). 

3. In the wri te cy cle analysis, the timing variable 
TpdWR186-WR530 represents the propagation de- 
lay between the leading or traili ng ed ge of the WR 
signal leav ing t he 80186 and the WR edge arrival at 
the 82530 WR input. 



Read Cycle 

1. tAR: Address valid to RD active set up time for the 
82530. Since the propagation delay is the worst case 
path in the assumed typical system, the margin is calcu- 
lated only for a propagation delay constrained and not 
an ALE limited path. The spec value is 0 ns minimum. 

* 1 Tclcl - Tclav(max) - '245 Tpd(max) + Tclrl(min) + 
2(U2) Tpd(min) - tAR(min) 



= 125 - 55 - 20.8 + 10 + 2(2) - 0 = 63.2 ns margin 
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2. tRA: Address to RD inactive hold time. The ALE 
delay is the worst case path and the 82530 requires 0 ns 
minimum. 

* 1 Told - Tclrh (max) + Tchlh(min) + '373 LE 
Tpd(min) - 2(U2) Tpd(max) 

= 55 - 55 + 5 + 8- 2(5.5) = 2 ns margin 

3. tCLR: CS active low to RD active low set up time. 
The 82530 spec value is 0 ns minimum. 

* 1 Tdcl -_Tclcsv(max) - Tc!rl(min) - U2 
skew(RD - CS) + U2 Tpd(min) 

= 125 - 66 - 10 - 1 + 2 = 50 ns margin 

4. tRCS: 55 inactive to CS inactive hold time. The 
82530 spec calls for 0 ns minimum. 

* Tcscsx(min) - U2 skew(RD - CS) - U2 Tpd(max) 
= 35 - 1 - 5.5 = 28.5 ns margin 

5. tCHR: CS inactive to RD active set up time. The 
82530 requires 5 ns minimum. 

* 1 Tdcl +_1_Tchcl - Tchcsx(max) + Tclrl(min) - U2 
skew (RD - CS) + U2 Tpd(min) - tCHR 

= 125 + 55 ~ 35 - 10 - 1 + 2 - 5 = 131 ns margin 

6. tRR: RD pulse active low time. One 80186 wait state 
is included to meet the 150 ns minimum timing require- 
ments of the 82530. 

* Trlrh(min) + 1(Tdciwait state) - 2(U2 skew) - tRR 
= (250-50) + 1(125) - 2(1) - 150 = 173 ns margin 

7. tRDV: RD active low to data valid maximum delay 
for 80186 read data set up time (Tdvcl = 20 ns). The 
margin is calculated on the Propagation delay path 
(worst case). 

* 2 Told + 1 (Tcldwait state) - Tclrl(max) - Tdvcl(min) 
- '245.Tpd(max) - 82530 tRDV(max) - 2(U2) Tpd(m8ix) 

= 2(125) + 1(125) - 70 - 20 - 14.2 - 105 - 2(5.5) 
= 1 54 ns margin 

8. tDF: RD inactive t o data output float delay. The 
margin is calculated to DEN active low of next cycle. 

* 2 Told + Tdch(min) - Tclrh(max) + Tchctv(min) - 
2(U2) Tpd(max) - 82530 tDF(max) 

= 250 + 55 -55 + 10 - 11 - 70 = 179 ns margin 

9. tAD: Address required valid to read data valid maxi- 
mum delay. The 82530 spec v^lue is 325 ns maximum. 



* 3 Tdcl + 1 (Tcldwait state) - Tclav(max) - '373 
Tpd(max) - '245 Tpd - Tdvcl(min) - tAD 

= 375 + 125 - 55 - 20.8 -14.2 - 20 -325 = 65 ns 
margin 



Write Cycle 

1. tAW: Address required valid to WR active low set 
up time. The 82530 spec is 0 ns minimum. 

* Tdcl - Tclav(max) - Tcvctv(min) - '373 Tpd(max) 
+ TpdWRl86 - WR530(LOW) [Tdcl - Tcvctv(min) + 
U3 Tpd(min) + U4 Tpd(mln)] - tAW 

= 125 - 55 - 5 - 20.8 + [125 - 5 + 1 + 4.4] - 0 
= 170.6 ns margin 

2. tWA: WR inactive to address invalid hold time. The 
82530 spec is 0 ns. 

* Tclch(min) - Tcvctx(max) + Tchlh(min) + '373 LE 
Tpd(mln) - TpdWR186=WR530(HIGH) [U2 Tpd(max) + 
U3 Tpd(max) + U4 Tpd(max)] 

= 55 - 55 + 5 + 8- [5.5 + 3 + 7.1] = -2.6 ns 
margin 

3. tCLW: Chip select active low to WR active low hold 
time. The 82530 spec is 0 ns. 

* Tdcl - Tclcsv(max) + Tcvctv(min) - U2 Tpd(max) 
+ TpdWR186 = WR530(LOW) [Tcid - Tcvctv(mln) + U3 
Tpd(min) + U4 Tpd(min)] 

= 125 - 66 + 5 - 5.5 + [125 - 5 + 1 + 4.4] = 
183.9 ns margin 

4. tWCS: WR invalid to Chip Select invalid hold time. 
82530 spec is 0 ns. 

* Tcxcsx(min) - U2 Tpd(max) - 
TpdWR186 = WR530(HIGH) [U2 Tpd(max) + U3 
Tpd(max) + U4 Tpd(max)] 

= 35 + 1.5 - [5.5 + 3 + 7.1] = 20.9 ns margin 

5. tCHW: Chip Select inactive high to WR active low 
set up time. The 82530 spec is 5 ns. 

* 1 Tdcl + Tchcl(min) + Tcvctv(min) - Tchcsx(max) - 
U2 Tpd(max) + TpdWR186 = WR530(LOW) [Told - 
Tcvctv(min) + U3 Tpd(mjn) + U4 Tpd(min)] - tCHW 

= 125 + 55 + 5 - 35 - 5.5 + [125 -5 + 1 + 4.4] - 
5 = 264 ns margin 

6. tWW: WR active low pulse. 82530 requires a mini- 
mum of 60 ns from the faUing to the rising edge of WR, 
This includes one wait state. 
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* Twiwh l2Tclcl - 40] + 1 (Tclclwait state) - TpdWR/ 
186-WR530(LOW) [TclcTj Tcvctv(min) + U3 Tpd(max) 
+ U4Tpd(max)] + TpdWR/186 = WR/530(HIGH) [U2 
Tpd(min) US Tpd(min) + U4 Tpd(min)] - tWW 

= 210 + 1(125) - [125 - 5 + 4.5 + 9.2] - [1.5 + 1 
+ 3.2] - 60 = 135.6 ns margin 

7. tDW: Data valid to WR active low setup time. The 
82530 spec requires 0 ns. 

* Tcvctv(min) - Tcldv(max) - '245 Tpd(max) + 
TpdWR186-WR530(LOW) [Told - Tcvctv(mln) + U3 
Tpd(min) + U4 Tpd(mln)] 

= 5 - 44 - 14.2 + 125 - 5 + 1.0 + 4.4 = 72.2 ns 
margin 

8. tWD: Data valid to WR inactive high hold time. The 
82530 requires a hold time of 0 ns. 

* Tclch - skew (Tcvctx(max) + Tcvctx(min)| + '245 
OE Tpd(min) - TpdWR186-WR530(HIGH) [U2 Tpd(max) 
+ U3 Tpd(max) + U4 Tpd(max)] 

= 55 - 5 + 11.25 - [5.5 -f 3.0 + 7.1] = -50.6 ns 
margin 



INTA Cycle: 

1. tIC: This 82530 spec implies that the INTA signal is 
latched internally on the rising edge of CLK (82530). 
Theref ore the maximum delay between the 80186 as- 
serting INTA active low or inactive high and the 82530 
internally recognizing the new state of INTA is the 
propagation delay through Ul plus the 82530 CLK pe- 
riod. 

* Ul Tpd(max) + 82530 CLK period 
= 45 + 250 = 295 ns 



2. tCI: rising edge of CLK to INTA hold time. This 
spec requires that the state of INTA remains constant 
for 100 ns after the rising edge of CLK. If this spec is 
violated any change in the state of INTA may not be 
internally latc hed in t he 82530. t CI beco mes critical at 
the end of an INTA cycle when INTA goes inactive. 
When calculating margins with tCI, a n extra 82530 
CLK period must be added to the INTA inactive delay. 



3. tlW: INTA inactive high to WR active low mini- 
mum setup time. The spec pertains only to 82530 WR 
cycle and has a val ue of 55 ns. The margin is calculated 
ass uming an 82530 WR cycle occurs immediately after 
an IN TA cy cle. Since the CPU cycles following an 
82530 INTA cycle are devoted to locating and execut- 
ing the proper interrupt service routine, this condition 



should never exist. 82530 drive rs shou ld i nsure that at 
least one CPU cycle separates INTA and WR or RD 
cycles. 



4. tWI: WR inactive high to INTA active low mini- 
mum hold time. The spec i s 0 ns and the margin as- 
sumes CLK coincident with INTA. 

* Tclcl - Tcvctx(max) - TpdWR186 - WR530(HIGH) 
[U3 Tpd(max) + U4 Tpd(max)] -f- Tcvctv(min) + Ul 
Tpd(min) 

= 125 - 55 - [5.5 + 3 + 7.1] + 5 + 10 = 69.4 ns 
margin 



5. tIR: INTA inactive high to RD active low min imum 
setup time. This spec pertains only to 82530 RD cycles 
and has a value of 55 ns. The margin is calculated in 
the same manner as tlW. 



6. tRI: RD inactive high to INTA active low minimum 
hold time. The spec is 0 ns and the margin assumes 
CLK coincident with INTA. 

* Tclcl - Tclrh(max) - 2 U2 Tpd(max) + Tcvctv(min) 
+ Ul Tpd(min) 

= 125 - 55 - 2(5.5) + 5 + 10 = 74 ns margin 



7. tllD: INTA active low to RD active low minimum 
setup time. This parameter is system dependent. For 
any SCC in. the daisy chain, tllD must be greater than 
the sum of tCEQ for the highest priority device in the 
daisy chain, tm for this particular SCC, and tEIEO for 
each device separating them in the daisy chain. The 
typical system with only 1 SCC requires tllD to be 
greater than tCEQ. Since tEI occurs coincidently with 
tCEQ and it is smaller it can be neglected. Additional- 
ly, tEIEO does not have any relevance to a system with 
only one SCC. Therefore tllD > tCEQ = 250 ns. 

* 4 Tclcl + 2 Tidle states - Tcvctv(max) - tIC [Ul 
Tpd(max) + 82530 CLK period] + Tcvctv(min) + U5 
Tpd(min) + U2 Tpd(min) - tllD 

= 500 + 250 - 70 - [45 + 250] +5 + 6 + 2-250 
= 148 ns margin 

8. tIDV: RD active low to interrupt vector valid delay. 
The 80186 expects the interrupt vector to be valid on 
the data bus a minimum of 20 ns before T4 of the sec- 
ond acknowledge cycle (Tdvcl). tIDV spec is 100 ns 
maximum. 

* 3 Tclcl - Tcvctv(max) - U5 Tpd(max) - U2 
Tpd(max) - tlDV(max) - '245 Tpd(max) - Tdvcl(min) 

= 375 - 70 - 25 ~ 5.5 - 100 - 14.2 - 20 = 140.3 
ns margin 
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9. tll: RD pulse low time. The 82530 requires a mini- 
mum of 125 ns. 

* 3 Tclcl - Tcvctv(max) - U5 Tpd(max) - U2 
Tpd(max) + Tcvctx(min) + U5Tpd(mln) + U2Tpd(mln) 
- tll(min) 

= 375 - 70 - 25 - 5.5 + 5 + 6 + 1.5 - 125 = 
162 ns margin 



DMA Cycle 

Fortunately, the 80186 DMA controller emulates CPU 
read and write cycle operation during DMA transfers. 
The DMA transfer timings are satisfied using the above 
analysis. Because of the 80186 DMA request input re- 
quirements, two wait states are necess ary to prevent 
inadvertent DMA cycles. There are also CPUDMA in- 
tracycle timing considerations that need to be ad- 
dressed. 

1. tDRD: RD inactive high to D TRREQ ( REQUEST) 
inactive high delay. Unlike the READYREQ signal, 
DTRREQ does not immediately go inactiv e afte r the 
requested DMA transfer begins. Instead, the DTRREQ 
remains active for a maximum of 5 tCY + 300 ns. This 
delayed request pulse could trigger a second DMA 
transfer. To avoid this undesira ble con dition, a D Flip 
Flop is implemented to reset the DTRREQ signal inac- 
tive low following the initiation of the requested DMA 
transfer. To determine if back to back DMA transfers 
are required in a source synchronized configuration, 
the 80186 DMA controller samples the service request 
line 25 ns before Tl of the deposit cycle, the second 
cycle of the transfer. 

* 4 Tclcl - Tclcsv(max) - U4Tpd(max) - Tdrqcl(mln) 
= 500 - 66 - 10.5 - 25 = 398.5 ns margin 

2. tRRI: 82530 RD active low to REQ inactive high 
delay. Assuming source synchronized DMA transfer, 
the 80186 requires only one wait state to meet the tRRI 
spec of 200 ns. Two are included for consistency with 
tWRI. 

* 2 Tclcl + 2(Tciciwajt state) - Tclrl(max) - 2(U2) 
Tpd(max) - Tdrqcl - tRRI 

=2(125) + 2(125) - 70 - 2(5.5) - 200 = 219 ns 
margin 



3. tWRI: 82530 WR active low to REQ inactive high 
delay. Assuming destination synchronized DMA trans- 
fers, the 80186 needs two wait states to meet the tWRI 
spec. This is because the 80186 DMA controller sam- 
ples requests two clocks before the end of the deposit 
cycle . This leaves only 1 Tclcl + n(wait states) minus 
WR active delay for the 82530 to inactivate its REQ 
signal. 

* Tclcl + 2(Tclclwait state) - Tcvctv(min) - 
TpdWR186-WR530(LOW) [Tclcl - Tcvctv(min) + U3 
Tpd(max) + U4 Tpd(max)] - Tdrqcl - tWRI 

= 375 - 5 - [125 - 5 + 4.5 + 9.2] - 25 - 200 = 
1 1 .3 ns margin 

NOTE: 

If one wait state DMA inte rface is required, external 
logic, Uke that used on the D TRREQ signal, can be 
used to force the 82530 REQ signal inactive. 

4. tREC: CLK recovery time. Due to the internal data 
path, a recovery period is required between SCC bus 
transactions to resolve metastable conditions internal to 
the SCC. The DMA request lines are marked from re- 
questing service until after the tREC has elapsed. In 
addition, the CPU should not be allowed to violate this 
recovery period when interleaving DMA transfers ^nd 
CPU bus cycles. Software drivers or external logic 
should orchestrate the CPU and DMA controller oper- 
ation to prevent tREC violation. 



Reset Operation 

During hardware reset, the system RESET signal is as- 
serted high for a minimum o f fou r 80 186 clock cycles 
(1000 ns). The 82530 requires WR and RD to be simul- 
taneously asserted low for a minimum of 250 ns. 

* 4 Tclcl - U3 Tpd(max) - 2(U2) Tpd(max) + U4 
Tpd(min) - tREC 

= 1000 - 17.5 - 2(5.5) + 3.5 - 250 ns = 725 ns 
margin 
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1.0 INTRODUCTrON 

Personal computers have become the most prolific 
workstation in the office, serving a wide range of needs 
such as word processing, spreadsheets, and data bases. 
The need to interconnect PCs in a local environment 
has clearly emerged, for purposes such as the sharing of 
file, print, and communication servers; downline load- 
ing of files and application programs; electronic mail; 
etc. Proliferation of the PC makes it the workstation of 
choice for accessing the corporate mainframe/s; this 
function can be performed much more efficiently and 
economically when clusters of PCs are already inter- 
connected through Local Area Networks (LANs). Ac- 
cording to market surveys, the installed base of PCs in 
business environments reached about 10 million units 
year-end '85, with only a small fraction connected via 
LANs. The installed base is expected to double by 
1990. There is clearly a great need for locally intercon- 
necting these machines; furthermore, end users expect 
interconnectability across vendors. Thus, there is an ur- 
gent need for industry standards to promote cost effec- 
tive PC LANs. 

A large number of proprietary PC LANs have become 
available for the office environment over the past sever- 
al years. Many of these suffer from high installed cost, 
technical deficiencies, non-conformance to industry 
standards, and general lack of industry backing. Star- 
LAN, in Intel's opinion, is one of the few networks 
which will emerge as a standard. It utilizes a proven 
network access method, it is implemented with proven 
VLSI components; it is cost effective, easily installable 
and reconfigurable; it is technically competent; and it 
enjoys the backing of a large cross section of the indus- 
try which is collaborating to develop a standard (IEEE 
802.3, type 1BASE5). 



1.1 StarLAN 

StarLAN is a 1 Mb/s network based on the CSMA/ 
CD access method (Carrier Sense, Multiple Access 
with Collision Detection). It works over standard, 
unshielded, twisted pair telephone wiring. Typically, 
the wiring connects each desk to a wiring closet in a 
star topology (from which the IEEE Task Force work- 
ing on the standard derived the name StarLAN in 
1984). In fact, telephone and StarLAN wiring can coex- 
ist in the same twisted pair bundle connecting a desk to 
the wiring closet. Abundant quantities of unused phone 
wiring exist in most office environments, particularly in 
the U.S. The StarLAN concept of wiring and network- 
ing concepts was originated by AT&T Information Sys- 
tems. 



1.2 The 82588 

The 82588 is a single-chip LAN controller designed for 
CSMA/CD networks^ It integrates in one chip all func- 



tions needed for such networks. Besides inplementing 
the standard CSMA/CD functions like framing, defer- 
ring, backing off and retrying on collisions, transmit- 
ting and receiving frames, it performs data encoding 
and decoding in Manshester or NRZI format, carrier 
sensing and collision detection, all up to a speed of 2 
Mb/s (independent of the chosen encoding scheme). 
These functions make it an optimum controller for a 
StarLAN node. The 82588 has a very conventional mi- 
crocomputer bus interface, easing the job of interfacing 
it to any processor. 



1.3 Organization of the Application 
Note 

This application note has two objectives. One is to de- 
scribe StarLAN in practical terms to prospective imple- 
menters. The other is to illustrate designing with 82588, 
particularly as related to StarLAN which is expected to 
emerge as its largest application area. 

Section 2 of this Application Note describes the Star- 
LAN network, its basic components, collision detec- 
tion, signal propagation and network parameters. Sec- 
tions 3 and 4 describe the 82588 LAN controller and its 
role in the StarLAN network. Section 5 goes into the 
details of designing a StarLAN node for the IBM PC. 
Section 6 describes the design of the HUB. Both these 
designs have been implemented and operated in an ac- 
tual StarLAN environment. Section 7 documents the 
software used to drive the 82588. It gives the actual 
procedures used to do operations like, configure, trans- 
mit and receive frames. It also shows how to use the 
DMA controller and interrupt controller in the IBM 
PC and goes into the details of doing I/O on the PC 
using DOS calls. Appendix A shows oscilloscope traces 
of the signals at various points in the network. Appen- 
dix B describes the multiple point extension (MPE) be- 
ing considered by IEEE. Appendixes C and D talk 
about advanced usages of the 82588; working with only 
one DMA channel, and measuring network delays with 
the 82588. 



1.4 References 

For additional information on the 82588, see the Intel 
Microcommunications Handbook. StarLAN specifica- 
tion are currently available in draft standard form 
through the IEEE 802.3 Working Group. 

2.0 StarLAN 

StarLAN is a low cost 1 Mb/s networking solution 
aimed at office automation appHcations. It uses a star 
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topology with the nodes connected in a point-to-point 
fashion to a central HUB. HUBs can be connecte(i in a 
hierarchical fashion. Up to 5 levels are supported. The 
maximum distance between a node and the adjacent 
HUB or between two adjacent HUBs is 800 ft. (about 
250 meters) for 24 gauge wire and 600 ft. (about 200 
meters) for 26 gauge wire. Maximum node-to-node dis- 
tance with one HUB is 0.5 km, hence IEEE 802.3 des- 
ignation of type 1BASE5. 1 stands for 1 Mb/s and 
BASE for baseband. (StarLAN doesn't preclude the use 
of more than 800 ft wiring provided 6.5 dB maximum 
attenuation is met, and cable propagation delay is no 
more than 4 bit times). 

One of the most attractive features of StarLAN is that 
it uses telephone grade twisted pair wire for the trans- 
mission medium. In fact, existing installed telephone 
wiring can also be used for StarLAN. Telephone wiring 
is very economical to buy and install. Although use of 
telephone wiring is an obvious advantage, for small 
clusters of nodes, it is possible to work around the use 
of building wiring. 

Factors contributing to low cost are: 

1) Use of telephone grade, unshielded, 24 or 26 gauge 
twisted pair wire transmission media. 

2) Installed base of redundant telephone wiring in most 
buildings. 

3) Buildings are designed for star topology wiring. 
They have conduits leading to a central location. 

4) Availability of low cost VLSI LAN controllers like 
the 82588 for low cost applications and the 82586 for 
high performance applications. 



5) Off-the-shelf, Low cost RS-422, RS-485 drivers/re- 
ceivers compatible with the StarLAN analog inter- 
face requirements. 



2.1 StarLAN Topology 

StarLAN, as the name suggests, uses a star topology. 
The nodes are at the extremities of a star and the cen- 
tral point is called a HUB. There can be more than one 
HUB in a network. The HUBs are connected in a hier- 
archical fashion resembling an inverted tree, as shown 
in Figure 1, where nodes are shown as PCs. The HUB 
at the base (at level 3) of the tree is called the Header 
Hub (HHUB) and others are called Intermediate HUBs 
(IHUB). It will become apparent, later in this section, 
that topologically, this entire network of nodes and 
HUBs is equivalent to one where all the nodes are con- 
nected to a single HUB. Also StarLAN doesn't limit 
the number of nodes or HUBS at any given level. 

2.1.1 TELEPHONE NETWORK 

StarLAN is structured to run parallel to the telephone 
network in a building. The telephone network has, in 
fact, exactly the same star topology as StarLAN. Let us 
now examine how the telephone system is typically laid 
out in a building in the USA. Figure 2 shows how a 
typical building is wired for telephones. 24 gauge 
unshielded twisted pair wires emanate from a Wiring 
Closet. The wires are in bundles of 25 or 50 pairs. The 
bundle is called D inside wiring (DIW). The wires in 
these cables end up at modular telephone jacks in the 
wall. The telephone set is either connected directly to 
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Figure 1. StarLAN Topology 
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the jack or through an extension cable. Each telephone 
generally needs one twisted pair for voice and another 
for auxilliary power. Thus, each modular jack has 2 
twisted pairs (4 wires) connected to it. A 25 pair DIW 
cable can thus be used for up to 12 telephone connec- 
tions. In most buildings, not all pairs in the bundle are 
used. Typically, a cable is used for only 4 to 8 telephone 
connections. This practice is followed by telephone 
companies because it is cheaper to install extra wires 
initially, rather than retrofitting to expand the existing 
number of connections. As a result, a lot of extra, un- 
used wiring exists in a building. The stretch of cable 
between the wiring closet and the telephone jack is typi- 
cally less than 800 ft. (250 meters). In the wiring closet 
the incoming wires from the telephones are routed to 
another wiring closet, a PABX or to the central office 
through an interconnect matrix. Thus, the wiring closet 
is a concentration point in the telephone network. 
There is also a redundancy of wires between the wiring 
closets. 



2.1.2 StarLAN ANQ THE TELEPHONE 
NETWORK 

StarLAN does not have to run on building wiring, but 
the fact that it can significantly adds to its attractive- 
ness. Figure 3 shows how StarLAN piggybacks on tele- 
phone wiring. Each node needs two twisted pair wires 
to connect to the HUB. The unused wires in the 25 pair 
DIW cables provide an electrical path to the wiring 
closet, where the HUB is located. Note that the tele- 
phone and StarLAN are electrically isolated. They only 
use the wires in the same bundle cable to connect to the 
wiring closet. Within the wiring closet, StarLAN wires 
connect to a HUB and telephone wires are routed to a 
different path. Similar cable sharing can occur in con- 
necting HUBs to one another. See Figure 4 for a typical 
office wired for StarLAN through telephone wiring. 



















WIRING CLOSET 




























Vox 


















\ 










m 


25 - 50 PAIRS 

2 TWISTED PAIRS 

24 GAUGE. UNSHIELDED 






231422-3 



Figure 2. Telephone Wiring in a Buiiding 




*StarLAN and telephones share the same bundle, but are electrically isolated. 
*StarLAN uses the unused wires in existing bundles. 
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Figure 3. Coexistence of Telephone and StarLAN 
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Figure 4. A Typical Office Using Telephone Wiring for StarLAN 
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2.1.3 StarLAN AND Ethernet 

St^rLAN and Ethernet are similar CSMA/CD net- 
works. Since Ethernet has existed longer and is better 
understood, a comparison of Ethernet with StarLAN is 
worthwhile. 

1. The data rate of Ethernet is lOMb/s and that of Star- 
LAN is 1 Mb/s. 

2. Ethernet uses a bus topology with each node con- 
nected to a coaxial cable bus via a SO meter trans- 
ceiver cable containing four shielded twisted pair 
wires. StarLAN uses a star topology, with each node 
connected to a central HUB by a point to point link 
through two pairs of unshielded twisted pair wires. 

3. Collision detection in Ethernet is done by the trans- 
ceiver connected to the coaxial cable. Electrically, it 
is done by sensing the energy level on the coax cable. 
CoUision detection in StarLAN is done in the HUB 
by sensing activity on more than one input line con- 
nected to the HUB. 



4. In Ethernet, the presence of coUision is signalled by 
the transceiver to the node by a special collision de- 
tect signal. In StarLAN, it is signalled by the HUB 
using a special collision presence signal on the re- 
ceive data Hne to the node. 

5. Ethernet cable segments are interconnected using re- 
peaters in a non-hierarchical fashion so that the dis- 
tance between any two nodes does not exceed 2.8 
kilometers. In StarLAN, the maximum distance be- 
tween any two nodes is 2.5 kilometers. This is 
achieved by wiring a maximum of five levels of 
HUBs in a hierarchical fashion. 



2.2 Basic StarLAN Components 

A StarLAN network has three basic components: 

1. StarLAN node interface 

2. StarLAN HUB 

3. Cable 
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Figure 5. Ethernet and StarLAN Similarities 
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2.2.1 A StarLAN NODE INTERFACE 

Figure 6 shows a typical StarLAN node interface. It 
interfaces to a processor on the system side. The proc- 
essor runs the networking software. The heart of the 
node interface is the LAN controller which does the job 
of receiving and transmitting the frames in adherence 
to the IEEE 802.3 standard protocol. It maintains all 
the timings— like the slot time, interframe spacing 
etc. — required by the network. It performs the func- 
tions of framing, deferring, backing-oflf, collision detec- 
tion which are necessary in a CSMA/CD network. It 
also does Manchester encoding of data to be transmit- 
ted and clock separation — or decoding — of the Man- 
chester encoded data that is received. These signals be- 
fore going to the unshielded twist pair wire, may under- 
go pulse shaping (optional) pulse shaping basically 
slows down the fall/rise times of the signal. The pur- 
pose of that is to diminish the effects of cross-talk and 
radiation on adjacent pairs sharing the same bundle 
(digital voice, Tl trunks, etc). The shaped signal is sent 
on to the twisted pair wire through a pulse transformer 
for DC isolation. The signals on the wire are thus dif- 
ferential, DC isolated from the node and almost sinus- 
oidal (due to shaping and the capacitance of the wire). 

NOTE: 

Work done by the IEEE 802.3 committee has shown 
that no slew rate control on the drivers is required. 
Shaping by the transformer and the cable is sufficient 
to avoid excessive EMI radiation and crosstalk. 

The squelch circuit prevents idle line noise from affect- 
ing the receiver circuits in the LAN controller. The 
squelch circuit has a 600 mv threshold for that purpose. 
Also as part of the squelch circuitry an envelope detec- 
tor is implemented. Its purpose is to generate an enve- 
lope of the transitions of the RXD line. Its output serve 



as a carrier sense signal. The differential signal from the 
HUB is received using a zero-crossing RS-422 receiver. 
Output of the receiver, qualified by the squelch circuit, 
is fed to the RxD pin of the LAN controller. The RxD 
signal provides three kinds of information: 

1) Normal received data, when receiving the frame. 

2) Collision information in the form of the collision 
presence signal from the HUB. 

3) Carrier sense information, indicating the beginning 
and the end of frame. This is useful during transmit 
and receive operations. 

2.2.2 StarLAN HUB 

HUB is the point of concentration in StarLAN. All the 
nodes transmit to the HUB and receive from the HUB. 
Figure 7 shows an abstract representation of the HUB. 
It has an upstream and a downstream signal processing 
unit. The upstream unit has N signal inputs and 1 sig- 
nal output. And the downstream unit has 1 input and 
N output signals. The inputs to the upstream unit come 
from the nodes or from the intermediate HUBs 
(IHUBs) and its output goes to a higher level HUB. 
The downstream unit is connected the other way 
around; input from an upper level HUB and the out- 
puts to nodes or lower level IHUBs. Physically each 
input and output consist of one twisted pair wire carry- 
ing a differential signal. The downstream unit essential- 
ly just re-times the signal received at the input, and 
sends it to all its outputs. The functions performed by 
the upstream unit are: 

1. Collision detection 

2. Collision Presence signal generation 

3. Signal Retiming 

4. Jabber Function 

5. Start of Idle protection timer 
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Figure 6. 82588 Based StarLAN Node 
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Figure 7. A StarLAN HUB 

The collision detection in the HUB is done by sensing 
the activity on the inputs. If there is activity (or tran- 
sitions) on more than one input, it is assumed that more 
than one node is transmitting. This is a collision. If a 
collision is detected, a special signal called the Collision 
Presence Signal is generated. This signal is generated 
and sent out as long as activity is sensed on any of the 
input lines. This signal is interpreted by every node as 
an occurrence of collision. If there is activity only on 
one input, that signal is re-timed— or cleaned up of any 
accumulated jitter-r-and sent out. Figure 8 shows the 
input.to output relations of the HUB as a black box. 

If a node transmits for too long the HUB exercises a 
Jabber function to disable the node from interfering 
with traffic from other nodes. There are two timers in 



the HUB associated with this function and their opera- 
tion is described in section 6. 

The last function implemented by the HUB is the start 
of Idle protection timer. During the end of reception, 
the HUB will see a long undershoot at its input port. 
This undershoot is a consequence of the transformer 
discharging accumulated charge during the 2 microsec- 
onds of high of the idle pattern. The HUB should im- 
plement a protection mechanism to avoid the undesir- 
able effects of that undershoot. 

Figure 9 shows a block diagram of the HUB. A switch 
position determines whether the HUB is an IHUB or a 
HHUB (Header HUB). If the HUB is an IHUB, the 
switch decouples the upstream and the downstream 
units. HHUB is the highest level HUB; it has no place 
to send its output signal, so it returns its output signal 
(through the switch) to the outputs of the downstream 
unit. There is one and only one HHUB in a StarLAN 
network and it is always at the base of the tree. The 
returned signal eventually reaches every node in the 
network through the intermediate nodes (if any). Star- 
LAN specifications do not put any restrictions on the 
number of IHUBS at any level or on number of inputs 
to any HUB. The number of inputs per HUB are typi- 
cally 6 to 12 and is dictated by the typical size of clus- 
ters in a given networking environment. 
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Figure 8. HUB as a Black Box 
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Figure 9. StarLAN HUB Block Diagram 



2.2.3 StarLAN CABLE 



Unshielded telephone grade twisted pair wires are used 
to connect a node to a HUB or to connect two HUBs. 
This is one of the cheapest types of wire and an impor- 
tant factor in bringing down the cost of StarLAN. 

Although the 24 gauge wire is used for long stretches, 
the actual connection between the node and the tele- 
phone jack in the wall is done using extension cable, 
just like connecting a telephone to a jack. For very 
short StarLAN configurations, where all the nodes and 
the HUB are in the same room, the extension cable 
with plugs at both ends may itself be sufficient for all 
the wiring. (Extension cables must be of the twisted 
pair kind, no flat cables are allowed). 

The telephone twisted pair wire of 24 gauge has the 
following characteristics: 



Attenuation 
DC Resistance 
Inductance 
Capacitance 
Impedance 



42.55 db/mile @ 1 MHz 
823.69 a/mile 
0.84 mH/mile 
0.1 jaF/mile 

92.6n, -4 degrees @ 1 MHz 



Experiments have shown that the sharing of the tele- 
phone cable with other voice and data services does not 
cause any mutual harm due to cross-talk and radiation, 
provided every service meets the FCC limits. 



Although it is outside the scope of the IEEE 802.3 
1BASE5 standard, there is considerable interest in us- 
ing fiber optics and coaxial cable for node to HUB or 
HUB to HUB links especially in noisy and factory envi- 
ronments. Both these types of cables are particularly 
suited for point-to-point connections. Even mixing of 
different types of cables is possible (this kind of envi- 
ronments are not precluded). 

NOTE: 

StarLAN IEEE 802.3 1BASE5 draft calls for a maxi- 
mum attenuation of 6.5 dB between the transmitter 
and the corresponding receiver at all frequencies be- 
tween 500 KHz to 1 MHz. Also the maximum al- 
lowed cable propagation delay is 4 microseconds. 



2.3 Framing 

Figure 10 shows the format of a 802.3 frame. The be- 
ginning of the frame is marked by the carrier going 
active and the end marked by carrier going inactive. 
The preamble has a 56 bit sequence of 101010 . . . . 
ending in a 0. This is followed by 8 bits of start of frame 
delimiter (sfd) — 10101011. These bits are transmitted 
with the MSB (leftmost bit) transmitted first. Source 
and destination fields are 6 bytes long. The first byte is 
the least significant byte. These fields are transmitted 
with LSB first. The length field is 2 bytes long and gives 
the length of data in the Information field. The entire 
information field is a minimum of 46 bytes and a maxi- 
mum of 1500 bytes. If the data content of the Informa- 
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tion field is less than 46, padding bytes are used to 
make the field 46 bytes long. The Length field indicates 
how much real data is in the Information field. The last 
32 bits of the frame is the Frame Check Sequence 
(FCS) and contains the CRC for the frame. The CRC is 
calculated from the beginning of the destination ad- 
dress to the end of the Information field. The generat- 
ing polynomial (Autodin II) used for CRC is; 

X32 + X26 + X23 + X22 + X16 + + X^ + 
X10 + X8 4- X7 + X5 + X4 + X2 + X + 1 

No need for Figure N. 



The frames can be directed to a specific node (LSB of 
address must be 0), to a group of nodes (multicast or 
group — LSB of address must be 1) or all nodes (broad- 
cast — all address bits must be 1). 



2.4 Signal Propagation and Collision 

Figure 1 1 will be used to illustrate three typical situa- 
tions in a StarLAN with two IHUBs and one HHUB. 
Nodes A and B are connected to HUBl, nodes C and D 
to HUB2 and node E to HUB3. 



CARRIER OFF 
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I MAX = 1 500 I 

▼ 7 1 6 6 2 MIN = 46 4 ▼ 

I PREAMBLE | SFD | DA | SA | LEN | INFORMATION | FCS | 



-FRAME LENGTH - 
MAX = 1518 
MIN = 64 



SFD = Start of Frame Delimiter 
DA = Destination Address 
SA = Source Address 
LEN = Length 

FCS = Frame Check Sequence 

All numbers indicate field length in octets. 



Figure 10. Framing 
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Situation # 1. A Transmitting 
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Situation #2. A & B Transmitting 




HUB1, HUB2afe IHUBs 
HUB3 is the HHUB 

Fa, Fb, Fc— Frames from nodes A, B & C 
Fx— Collision Presence Signal 



Situation #3. A, B & C Transmitting 



Figure 11. Signal Propagation and Collisions 
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2.4.1 Situation #1 

Whenever node A transmits a frame Fa, it will reach 
HUBl. If node B is silent, there is no collision. HUBl 
will send Fa to HUB3 after re-timing the signal. If 
nodes C, D and E are also silent, there is no collision at 
HUB2 or HUB3. Since HUB3 is the HHUB, it sends 
the frame Fa to HUBl, HUB2 and to node E after re- 
timing. HUBl and HUB2 send the frame Fa to nodes 
A, B and C, D. Thus, Fa reaches all the nodes on the 
network including the originator node A. If the signal 
received by node A is a valid Manchester signal and not 
the Collision Presence Signal (CPS) for the entire dura- 
tion of the slot time, then the node A assumes that it 
was a successful transmission. 



2.4.2 Situation #2 

If both nodes A and B were to transmit, HUBl will 
detect it as a collision and will send signal Fx (the Colli- 
sion Presence Signal) to the HUB3— Note that HUBl 
does not send Fx to nodes A and B yet. HUB 3 receives 
a signal from HUBl but nothing from node E or 
HUB2, thus it does not detect the situation as a colli- 
sion and simply re-times the signal Fx and sends it to 
node E, HUB2 and HUBl, Fx ultimately reach all the 
nodes. Nodes A and B detect this signal as CPS and 
call it a colHsion. 



2.4.3 Situation #3 

In addition to nodes A and B, if node C were also to 
transmit, the situation at HUBl will be the same as in 
situation #2. HUB2 will propagate Fc from C towards 
HUB3. HUB3 now sees two of its inputs active and 
hence generates its own Fx signal and sends it towards 
each node. 

These situations should also illustrate the point made 
earlier in the chapter that, the StarLAN network, with 
nodes connected to multiple HUBs is, logically, equiva- 
lent to all the nodes connected to a single HUB (Yet 
there are some differences between stations connected 
at different HUB levels, those are due to different de- 
lays to the header hub HHUB). 



2.5 StarLAN System and Network 
Parameters 



Preamble length (incl. sfd) , 64 bits 

Address length 6 bytes 

PCS length CRC (Autodin II) 32 bits 

Maximum frame length 1518 bytes 

Minimum frame length 64 bytes 

Slot time 512 bit times 

Interframe spacing 96 bit times 

Minimum jam timing 32 bit times 

Maximum number of colHsions 16 

Backoff limit 10 



Backoff method Truncated binary exponential 

Encoding Manchester 

Clock tolerance ±0.01% (100 ppm) 

Maximum jitter per segment ± 62.5 ns 



3.0 LAN CONTROLLER FOR StarLAN 

One of the attractive features of StarLAN is the avail- 
ability of the 82588, a VLSI LAN controller, designed 
to meet the needs of a StarLAN node. The main re- 
quirements of a StarLAN node controller are: 

1. IEEE 802.3 compatible CSMA/CD controller. 

2. Configurable to StarLAN network and system pa- 
rameters. 

3. Generation of all necessary clocks and timings. 

4. Manchester data encoding and decoding. 

5. Detection of the Collision Presence Signal. 

6. Carrier Sensing. 

7. Squelch or bad signal filtering. 

8. Fast and easy interface to the processor. 

82588 performs all these functions in silicon, providing 
a minimal hardware interface between the system proc- 
essor and the StarLAN physical link. It also reduces 
the software needed to run the node, since a lot of func- 
tions, like deferring, back off, counting the number of 
collisions etc., are done in silicon. 



3.1 IEEE 802.3 Compatibility 

The CSMA/CD control unit on the 82588 performs the 
functions of deferring, maintaining the Interframe 
Space (IFS) timing, reacting to collision by generating a 
jam pattern, calculating the back-off time based on the 
number of collisions and a random number, decoding 
the address of the incoming frame, discarding a frame 
that is too short, etc. All these are performed by the 
82588 in accordance to the IEEE 802.3 standards. For 
inter-operability of different nodes on the StarLAN net- 
work it is very important to have the controllers strictly 
adhere to the same standards. 



3.2 Configurability of the 82588 

Almost all the networking parameters are programma- 
ble over a wide range. This means that the StarLAN 
parameters form a subset of the total potential of the 
82588. This is a major advantage for networks whose 
standards are being defined and are in a flux. It is also 
an advantage when carrying over the experience gained 
with the component in one network to other applica- 
tions, with differing parameters (leveraging the design). 

The 82588 is initiahzed or configured to its working 
environment by the CONFIGURE command. After 
the execution of this command, the 82588 knows its 
system and network parameters. A configure block in 
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memory is loaded into the 82588 by DMA. This block 
contains all the parameters to be programmed as shown 
in Figure 12. Following is a partial list of the parame- 
ters with the programmable range and the StarLAN 
value: 



Parameter 


Range 


StarLAN 
Value 


Preamble length 


2, 4, 8, 16 bytes 


8 . 


Address length 


0 to 6 bytes 


6 


CRC type 


16, 32 bit 


32 


Minimum frame 






, length 


6 to 255 bytes 


64 


Interframe 






spacing 


12 to 255 bit times 


96 


Slot time 


1 to 2047 bit times 


$12 


Number of 






retries 


Otol5 


15 



Parameter 

Data encoding 

Collision 
detection 



Range 

NRZI, Man., 
Diff. Man. 
Code viol.. 
Bit comp. 



StarLAN 
Value 

Manch. 

Code Viol. 



Beside these, there are many other options available, 
which may or may not apply to StarLAN: 

Data sampling rate of 8 or 16 
Operating in Promiscuous mode 
Reception of Broadcast frames 
Internal loopback operation 
External loopback operation 
Transmit without CRC 
HDLC Framing 
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Figure 12. Configuration Blocic 
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3.3 Clocks and Timers 

The 82588 requires two clocks; one for the operation of 
the system interface and another for the serial side. 
Both clocks are totally asynchronous to each other. 
This permits transmitting and receiving frames at data 
rates that are virtually independent of the speed at 
which the system interface operates. 

The serial clock can be generated on chip using just an 
external crystal of a value 8 or 16 times the desired bit 
rate. An external clock may also be used. 

The 82588 has a set of timers to maintain various tim- 
ings necessary to run the CSMA/CD control unit. 
These are timings for the Slot time, Interframe spacing 



time, Back off time, Number of collisions, Minimum 
frame length, etc. These timers are started and stopped 
automatically by the 82588. 



3.4 Manchester Data Encoding and 
Decoding 

In StarLAN the data transmitted by the node must be 
encoded in Manchester format. The node should also 
be able to decode Manchester encoded data when re- 
ceiving a frame — a process also known as iclock recov- 
ery. The 82588 does the encoding and decoding of data 
bits on chip for data rates up to 2 Mb/s. 

Besides Manchester, the 82583 can also do encoding 
and decoding in NRZI and Differential Manchester 
formats. Figure 13 shows samples of encoding in 
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Encoding 
Method 


Mid Bit Cell 
Transitions 


Bit Celt Boundary 
Transitions 


NRZ 


Do not exist. 


Identical to original data. 


NRZI 


Do not exist. 


Exist only if original data 
bit equals 0. 
Dependent on present 
encoded signal level: 
to 0 if 1 
tolifO 


Manchester 


Exist for every bit of 
the original data: 
from 0 to 1 for 1 
from 1 to d for p 


Exist for consequent equal 
bits of original data: 
f rorp 1 to 0 for 1 1 
from 0 to 1 for 0 0 


Differential 
Manchester 


Exist for every bit of 
the original data. 
DepencJent on present 
Encoded signal level: 
to 0 if 1 
tolifO 


Exist only if original data 
bit equals 0. 
Dependent on present 
Encoded signal level: 
toOifl 
to1 ifO 



Figure 13. 82588 Data Encoding Rules 
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these three formats. The main advantage of NRZI over 
the other two is that NRZI requires half the channel 
bandwidth, for any given data rate. On the other hand, 
since the NRZI signal does not have as many tran- 
sitions as the other two, clock recovery from it is more 
difficult. The main advantage of DifTerential Manches- 
ter over straight Manchester is that for a signal that is 
differentially driven (as in RS 422), crossing of the two 
wires carrying the data does not change the data re- 
ceived at the receiver. In other words, NRZI and Dif- 
ferential Manchester encoding methods are polarity in- 
sensitive (Even though NRZI, Differential Manchester 
are polarity insensitive, the 82588 expects a high lev^l 
in the R^D line to detect carrier inactive at the end of 
frames). 



3.5 Detection of the Collision 
Presence Signal 

In a StarLAN network, HUB informs the nodes that a 
collision has occurred by sending the Collision Pres- 
ence Signal (CPS) to the nodes. The CPS signal is a 
special signal which contains violations in Manchester 
encoding. Figure 14 shows the CPS signal. It has a 5 ms 
period, looking very much like a valid Manchester sig- 
nal except for missing transitions (or violations) at 



periodic intervals. When the 82588 decodes this signal, 
it fails to see mid-cell transitions repeatedly at intervals 
of 2.5 bit times and hence calls it a code violation. The 
edges of CPS are marked for illustration as a, b, c, 
d, . . . 1. Let us see how the 82588 interprets the signal if 
it starts calling the edge *a* as the mid-cell transition for 
T. Then edge at *b' is *0*. Now the 82588 expects to see 
an edge at but since there is none, it is a Manchester 
code violation. The edge that eventually does occur at 
*d' is then used to re-synchronize and, since it is a fall- 
ing edge, it is taken as a mid-cell transition for *0*. The 
edge at *e' is for a T and then again there is no edge at 
***. This goes on, with the 82588 flagging code violation 
and re-synchronizing again every 2.5 bit times. When a 
transmitting node sees this CPS signal being returned 
by the HUB (instead of a valid Manchester signal it 
transmitted), it assumes that a collision occurred. The 
82588 has two built-in mechanisms to detect collisions. 
These mechanisms are very general and can be used for 
a very broad class of applications to detect collisions in 
a CSMA/CD network. Using these mechanisms, the 
82588 can detect collisions (two or more nodes trans- 
mitting simultaneously) by just receiving the collided 
signal during transmission, even if there was no HUB 
generating the CPS signal. 
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Figure 14. 82588 Decoding the Collision Presence Signal 
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3.5.1 COLLISION DETECTION BY CODE 
VIOLATION 

If during transmission, the 82588 sees a violation in the 
encoding (Manchester, NRZI or Differential Manches- 
ter) used, then it calls it a collision by aborting the 
transmission and transmitting a 32 bit jam pattern. The 
algorithm used to detect collisions, and to do the data 
decoding, is based on fmdiiig the number of sampling 
clocks between an edge to the next one. Suppose aii 
edge occurred at time 0, the sampling instant of the 
next edge determines whether it was a collision (C), a 
long pulse (L)— 'With a nominal width of 1 bit time — ,or 
a short pulse (S) — nominal width of half a bit time. The 
following two charts show the decoding and collision 
detection algorithm for sampling rates of 8 and 16 
when using Manchester encoding. The numbers at the 
bottom of the line indicate sampling instances after the 
occurrence of the last edge (at 0). The alphabets on the 
top show what would be inferred by the 82588 if the 
next edge were to be there. 

. Sampling rate = 8 (clock is 8x bit rate) 

CCSSSLLLLL CC 

. I I I I I I I r I I I I I I 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

CoUision also if: 
RxD stays low for 13 samples or more 
A mid cell transition is missing 

Sampling rate = 16 (clock is 16x bit rate) 

CCCCCSSSSSCLLLLLLLLLCCCC 
I I I I I I I I I I I I I I I I I I I I I I I I I I I 



Collision also if: 
RxD stays low for 25 samples or more 
A tnid cell transition is missing 

A single instance of code violation can qualify as colli- 
sion. The 82588 has a parameter called collision detect 
filter (CDT Filter) that can be configured from 0 to 7. 
This parameter determines for how many bit times the 
violation must remain active to be flagged as a collision. 
For StarLAN CDT Filter must be configured to 0— 
that is disabled. 

3.5.2 COLLISION DETECtlON BY SIGNATURE 
(OR BIT) COMPARISON 

This method of collision detection compares a signature 
of the transmitted data with that of the data received on 
the RxD pin while transmitting. Figure 15 shows a 
block diagram of the logic. As the frame is transmitted 
it flows through the CR,C generation logic. A timer, 
called the Tx slot timer, is started at the same time that 
the CRC geheration starts. When the count in the timer 
reaches the slot time Value, the current value of the 
CRC generator is latched in as the transmit signature. 
As the frame is returned back (through the HUB) it 
flows through the CRC checker. Another timer— Rx 
slot timer — is started at the same time as the CRC 
checker starts checking. When this timer reaches the 
slot time value, the current value of the CRC checker is 
latched in as the receive signature. If the received signa- 
ture matches the transmitted one, then it is assumed 
that there was no collision. Whereas, if the signatures 
do not match, a collision is assumed to have occurred. 
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Figure 15. Collision Detection by Signature Comparison 
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Note that, even if the collision were to occur in the first 
few bits of the frame, a slot time must elapse before it is 
detected. In the code violation method, collision is de- 
tected within a few bit times. However, since the signa- 
ture method compares the signatures, which are char- 
acteristic of the frame being transmitted, it is more ro- 
bust. The code violation method can be fooled by re- 
turning a signal to the 82588 which is not the same as 
the transmitted signal but is a valid Manchester sig- 
nal — like a 1 MHz signal. Both methods can be used 
simultaneously giving a combination of speed and ro- 
bustness. 

NOTE: 

In order to reliably detect a collision using the colli- 
sion by bit comparison mode, the transmitter must 
still be transmitting up to the point where the receiver 
has seen enough bits to complete its signature. Other- 
wise, the transmitter may be done before the RX sig- 
nature is completed resulting in an undetected coUi- 
sion. A sufficient condition to avoid this situation is to 
transmit frames with a minimum length of 1.5 * slot- 
time (see Figure 16). 

3.5.3 ADDITIONAL COLLISION DETECTION 
MECHANISM 

In addition to the collision detection mechanisms de- 
scribed in the preceding sections, the 82588 also flags 
collision when after starting a transmission any of the 
following conditions become valid: 

a) Half a slot time elapses and the carrier sense of 
82588 is not active. 



b) Half a slot time + 16 bit times elapse and the open- 
ing flag (sfd) is not detected. 

c) Carrier sense goes inactive after an opening flag is 
received with transmitter still active. 

These mechanisms add a further robustness to the colli- 
sion detection mechanism of the 82588. It is also possi- 
ble to OR an externally generated collision detect signal 
to the intertially generated condition by bit comparison 
(see Figure 17). 



3.6 Carrier Sensing 

A StarLAN network is considered to be busy if there 
are transitions on the cable. Carrier is supposed to be 
active if there are transitions. Every node controller 
needs to know when the carrier is active and when not. 
This is done by the carrier sensing circuitry. On the 
82588 this circuit is on chip. It looks at the RxD (re- 
ceive data) pin and if there are transitions, it turns on 
an internal carrier sense signal. It turns off* the carrier 
sense signal if RxD remains in idle (high) state for 13/8 
bit times. This carrier sense information is used to mark 
the start of the interframe space time and the back off* 
time. The 82588 also defers transmission when the car- 
rier sense is active. 

When operating in the NRZI encoded mode, carrier 
sense is turned off" if RxD pin is in the idle state for 8 bit 
times or more (see Figure 18), 
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Figure 16. Limitation of CDBBC l\/lechanism 
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Figure 17. Mode 0, Collision Detection 



3.7 Squelching the Input 

Squelch circuit is used to filter idle noise on the receiver 
input. Basically two types of squelch may be used: Volt- 
age and time. Voltage squelch is done to filter out sig- 
nals whose strength is below a defined voltage thresh- 
old (0.6 volts for StarLAN). It prevents idle line noise 
from disturbing the receive circuits on the controller. 
The voltage squelch circuit is placed right after the re- 
ceiving pulse transformer. It enables the input to the 
RxD pin of the 82588 only when the signal strength is 
above the threshold. 



If the signal received has the proper level but not the 
proper timing, it should not bother the receiver. This is 
accomplished by the time squelch circuit on the 82588. 
Time squelching is essential to weed out spikes, glitches 
and bad signal especially at the beginning of a frame. 
The 82588 does not turn on its carrier sense (or receive 
enable) signal until it receives three consecutive edges, 
each separated by time periods greater than the fast 
time clock high time but less than 13/8 bit-times as 
shown in Figure 18. 
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Figure 18. Carrier Sehsing 
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The carrier sense activation can be programmed for a 
further delay by up to 7 bit times by a configuration 
parameter called carrier sense filter. 



3.8 System Bus Interface 

The 82588 has a conventional bus interface making it 
very easy to interface to any processor bus. Figure 19 



shows that it has an 8 bit data bus, read, write, chip 
select, interrupt and reset pins going to the processor 
bus. It also needs an external DMA controller for data 
transfer. A system clock of up to 8 MHz is needed. The 
read and write access times of the 82588 are very 
short — 95 ns — as shown by Figure 20. This further fa- 
cilitates interfacing the controller to almost any proces- 
sor. 
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Figure 19. Chip Interface 




Figure 20, Access Times 
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The 82588 has over 50 bytes of registers, and most are 
accessed only indirectly. Figure 21 shows the register 
access mechanism of the 82588. It has one I/O port and 
2 DMA channel ports. These are the windows into the 
82588 for the CPU and the DMA controller. An exter- 
nal CPU can write into the Command register and read 
from the Status registers using I/O instructions and 
asserting chip select and write or read lines. Although 
there is just one I/O port and 4 status registers, they 
can be read out in a round robin fashion through the 
same port as shown in Figure 22. Other registers like 
the Configuration, Individual Address registers can be 



accessed only through DMA. All the internal registers 
can be dumped into memory by DMA using the Dump 
command. The execution of some of the commands is 
described in section 4. See the 82588 Reference Manual 
for details on these commands. 



3.9 Debug and Diagnostic Aids 

Besides the standard functions that can be used directly 
for StarLAN, the 82588 offers many debug and diag- 
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Figure 21. Register Access 
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4 Status registers are accessed through one read port 
POINTER 



STATUS 0 



STATUS 1 



STATUS 2 



STATUS 3 



READ PORT 
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The pointer can be changed using a command or can be automatically incremented. 



READ_STATUS-.588 : PROCEDURE ; 

OUTPUT (CS-.588) = 15; 

STATUS-.588(0)=INPUT (CS-.588) ; 

STATUS-588(1)=INPUT (CS_588) ; 

STATUS_588(2)=INPUT {CS-588) ; 

STATUS-588(3)=INPUT (CS.588) ; 

RETURN 
END READ.STATUS-.588 ; 



/* COMMAND 15 */ 
/* RELEASE POINTER, INITIAL = 00 */ 
/* REFRESH STATUS REGISTER IMAGE */ 
/* IN MEMORY. 



READING 4 STATUS REGISTERS 



Figure 22. Reading the Status Register 



nostics functions. The DIAGNOSE command of the 
82588 does a self-test of most of the counters and timers 
in the 82588 serial unit. Using the DUMP command, 
all the internal registers of the 82588 can be dumped 
into the memory. The TDR command does Time Do- 
main Reflectometery on the network. The 82588 has 
two loopback modes of operation. In the internal loop- 
back mode, the TXD line is internally connected to the 
RXD one. No data appears outside the chip, and the 
82588 is isolated from the Unk. This mode enables 
checking of the receive and transmit machines without 
Unk interference. In the external loopback mode, the 
82588 becomes a full duplex device, being able to re- 
ceive its own transmitted frames. In this mode data 
goes through the link and all CSMA/CD mechanisms 
are involved. 



3.10 Jitter Performance 

When the 82588 receives a frame from the HUB, the 
signal has jitter. Jitter is the shifting of the edges of the 
signal from their nominal position due to the transmis- 
sion over a length of cable. Many factors like, intersym- 
bol interference (pulses of different widths have differ- 
ent delays through the transmission media), rise and 
fall times of drivers and receivers, cross talk etc., con- 
tribute to the jitter. StarLAN specifies a maximum jit- 
ter of ±62.5 ns whenever the signal goes from a 
NODE/HUB or HUB/HUB. Figure 23 shows that the 
jitter tolerance of the 82588 is exactly the required 



±62.5 ns at 1 Mbs for both 8X, 
coded data. 



16X Manchester en- 



Jitter = ± variation of an edge from its nominal position. 
Jitter can occur on every edge. 
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Figure 23. 82588 Jitter Performance 



4.0 THE 82588 

This chapter describes the basic 82588 operations. 
Please refer to the 82588 reference manual in Intel Mi- 
crocommunications Handbook for a detailed descrip- 
tion. Basic operations like transmitting a frame, receiv- 
ing a frame, configuring the 82588 and dumping the 
register contents are discussed here to give a feel for 
how the 82588 works. 
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4.1 Transmit and Retransmit 
Operations 

To transmit a frame, the CPU prepares a block in the 
memory called the transmit data block. As shown in 
Figure 24, this block starts with a byte count field, indi- 
cating how long the rest of the block is. The destination 
address field contains the node address of the destina- 
tion. The rest of the block contains the information or 
the data field of the frame. The CPU also programs the 
DMA controller with the start address of the transmit 
data block. The DMA byte count must be equal to or 
greater than the block length. The 82588 is then issued 
a TRANSMIT command — an OUT instruction to the 
command port of the 82588. The 82588 starts generat- 
ing DMA requests to read in the transmit data block by 
DMA. It also determines whether and how long it must 
defer on the link and after that, it starts transmitting 
the preamble. The 82588 constructs the frame on the 
fly. It takes the destination address from the memory, 
source address from its own individual address memory 
(previously programmed), data field from the memory 
and the CRC, is generated on chip, at the end of the 
frame. 



At the conclusion of transmission the 82588 generates 
an interrupt to the CPU. The CPU can then read the 



status registers to find out if the transmission was suc- 
cessful. If a collision occurs during transmission, the 
82588 aborts transmission and generates the jam se- 
quence, as required by IEEE 802.3, and informs the 
CPU through interrupt and the status registers. It also 
starts the back-off algorithm. 

To re-attempt transmission, the CPU must reinitialize 
the DMA controller 7to the start of the transmit data 
block and issue a RETRANSMIT command to the 
82588. When the 82588 receives the retransmit com- 
mand and the back-off timer has expired, it transmits 
again. Interrupt and the status register contents again 
indicate the success or failure of the (re)transmit at- 
tempt. 

The main difference between transmit and retransmit 
commands is that retransmit does not clear the internal 
count for the number of collisions occurred, whereas 
transmit does. Moreoever, retransmit takes effect only 
when the back-off timer has expired. 



4.2 Configuring the 82588 

To initiaUze the 82588 and program its network and 
system parameters, a configure operation is performed. 
It is very similar to the transmit operation. Instead of a 
transmit data block as in transmit command, a config- 
ure data block — shown in Figure 12 — is prepared by 
the CPU in the memory. The first two bytes of the 
block specify the length of the rest of the block, which 
specify the network and system parameters for the 
82588. The DMA controller is then programmed by 
the CPU to the beginning of this block and a CONFIG- 
URE command is issued to the 82588. The 82588 reads 
in the parameters by DMA and loads the parameters in 
the on-chip registers. 

Similarly, for programming the INDIVIDUAL AD- 
DRESS and MULTICAST ADDRESSes, the DMA 
controller is used to load the 82588 registers. 



4.3 Frame Reception 

Before enabling the 82588 for reception the CPU must 
make a buffer available for the frame to be received. 
The CPU must program the DMA controller with the 

starting address of the buffer and then issue the RX 

ENABLE command to the 82588. When a frame ar- 
rives at the RxD pin of the 82588, it starts being re- 
ceived. Only if the address in the destination address 
matches either the Individual address. Multicast ad- 
dress or if it is a broadcast address, is the frame deposit- 
ed into memory by the 82588 using DMA. The format 
of storage in the memory is shown in Figure 25. At the 
end, a two byte field is attached which shows the status 
of the received frame. If CRC, alignment or . overrun 
errors are encountered, they are reported. An inter- 



1. Prepare Transmit Data — Block in Memory 

2. Program DMA Controller 

3. Issue Transmit Command on the Desired 
Channel 
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Transmit Data Block 

4. Interrupt is received on completion of com- 
mand or if the command was aborted or 
there was a collision. The status bytes 1 and 
2 indicate the result of the operation. 
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Transmit & Retransmit Results Format 
Figure 24. Transmit Operation 
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1. Prepare a Buffer for Reception 

2. Program DMA Controller 

3. Issue Receiver Enable Command 

When a frame is received, it is deposited in the 
memory. Receive status bytes (2) are appended to 
the frame in the memory, byte count written in the 
status registers 1, 2, and an interrupt is generated. 



RECEIVED FRAME 



RECEIVE 
STATUS 



SRT 
FRM 


NO 
EOF 


















RCV 
O.K. 




CRC 
ERR 


ALG 
ERR 




OVER 
RUN 



STATUS REG. 1 
STATUS REG. 2 



BYTE 
COUNT 




DESTIN. 
ADDRESS 



SOURCE 
ADDRESS 



INFORMATION 
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rupt from 82588 occurs when all the bytes have been 
transferred to the memory. This informs the CPU that 
a new frame has been received. 

If the received frame has errors, the CPU must recover 
(or re-use) the buffer. Note that the entire frame is de- 
posited into one buffer. The 82588 when NOT config- 
ured for the external loopback mode, will detect colli- 
sions (code violations) during receptions. If a collision 
is detected, the reception is aborted and status updated. 
CPU is then informed by an interrupt (if the collided 
frame fragment is shorter than the address length, no 
reception will be started), and no interrupt will happen. 



Figure 25. Receive Operation (Single Buffer) 

4.3.1 Multiple Buffer Frame Reception 



It is also possible to receive a frame into a number of 
fixed size buffers. This is particularly economical if the 
received frames vary widely in size. If the single buffer 
scheme were used as described above, the buffer re- 
quired would have to be bigger than the longest expect- 
ed frame and would be very wasteful for very short 
(typically acknowledge or control) frames. The multi- 
ple buffer reception is illustrated in Figure 26. It uses 
two DMA channels for reception. 
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Figure 26. Multiple Buffer Reception 
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As in single buffer reception, the one channel, say chan- 
nel 0, of the DMA controller is programmed to the 
start of buffer 1, and the 82588 is enabled for reception 
with the chaining bit set. As soon as the first byte is 
read out of the 82588 by the DMA controller and writ- 
ten into the first location of buffer 1, the 82588 gener- 
ates an interrupt, saying that it is filling up its last avail- 
able buffer and one more buffer must be allocated. The 
filling up of the buffer 1 continues. The CPU responds 
to the interrupt by programming the other DMA chan- 
nel — channel 1 — with the start address of the second 
buffer and issuing an ASSIGN ALTERNATE buffer 
command with an INTACK (interrupt acknowledge). 
This informs the 82588 that one more buffer is avail- 
able on the other channel. When buffer 1 is filled up 
(the 82588 knows the size of buffers from the configura- 
tion command), the 82588 starts generating the DMA 
requests on the other channel. This automatically starts 
filling up buffer 2. As soon as the first byte is written 
into buffer 2, the 82588 interrupts the CPU again ask- 
ing for one more buffer. The CPU programs the chan- 
nel 0 of the DMA controller with the start address of 
buffer 3, issues an ASSIGN ALTERNATE buffer com- 
mand with INTACK. This keeps the buffer 3 ready for 
the 82588. This switching of channels continues until 
the entire frame is received generating an end of frame 
interrupt. The CPU maintains the list of pointers to the 
buffers used. 

Since a new buffer is allocated at the time of filling up 
of the last buffer, the 82588 automatically switches to 
the new buffer to receive the next frame as soon as the 
last frame is completely received. It can start receiving 
the new frame almost immediately, even before the end 
of frame interrupt is serviced and acknowledged by the 
CPU. If a new frame comes in, and the previous frame 



interrupt is not yet acknowledged, another interrupt 
needed for new buffer allocation is buffered (and not 
lost). As soon as the first one is acknowledged, the in- 
terrupt line goes active again for the buffered one. 

If by the time a buffer fills up no new buffer is available, 
the 82588 keeps on receiving. An overrun will occur 
and will be reported in the received frame status. How- 
ever, ample time is available for the allocation of a new 
buffer. It is roughly equal to the time to fill up a buffer. 
For 128 byte buffers it is 128 X 8 = 1024 ms or ap- 
proximately 1 millisec. You get 1 ms to assign a new 
buffer after getting the interrupt for it. Hence the pro- 
cess of multiple buffer reception is not time critical for 
the system performance. 

This method of reception is particularly useful to guar- 
antee the reception of back-to-back frames separated by 
IPS time. This is because a new buffer is always avail- 
able for the new frame after the current frame is re- 
ceived. 

Although both the DMA channels get used up in re- 
ceiving, only one channel is kept ready for reception 
and the other one can be used for other commands until 
the reception starts. If an execution command Uke 
transmit or dump command is being executed on a 
channel which must be allocated for reception, the 
command gets automatically aborted when the AS- 
SIGN ALTERNATE BUFFER command is issued to 
the channel used for the execution command. The in- 
terrupt for command abortion occurs after the end of 
frame interrupt. 
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4.4 Memory Dump of Registers 

All the 82588 internal registers can be dumped in the 
memory by the DUMP command. A DMA channel is 
used to transfer the register contents to the memory. It 
is very similar to reception of a frame; instead of data 
from the serial link, the data from the registers gets 
written into the memory. This provides a software de- 
bugging and diagnostic tool. 



4.5 Other Operations 

Other 82588 operations like DIAGNOSE, TDR, 
ABORT, etc. do not require any parameter or data 
transfer. They are executed by writing a command to 



the 82588 command register and knowing the results (if 
any) through the status registers. 



5.0 StarLAN NODE FOR iBIM PC 

This chapter deals with the hardware — the StarLAN 
board— to interface the IBM PC to a StarLAN Net- 
work. This is a slave board which takes up one slot on 
the I/O channel of the IBM PC. Figure 27 shows an 
abstract block diagram of the board. It requires the 
IBM PC resources of the CPU, memory, DMA and 
interrupt controller on the system board to run it. Such 
a board has two interfaces. The IBM PC I/O Channel 
on the system or the parallel side and the telephone 
grade twisted pair wire on the serial side. Figures 28, 29 
show the circuit diagram of the board. 
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Figure 27. 82588 Based StarLAN Node 
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5.1 Interfacing to the IBM PC I/O 
Channel 

IBM PC has 8 slots on the system board to allow ex- 
pansion of the basic system. All of them are electrically 
identical and the I/O channel is the bus that links them 
all to the 8088 system bus. The I/O channel contains 
an 8 bit bidirectional data bus, 20 address lines, 6 levels 
of interrupt, 3 channels of DMA control lines and other 
control lines to do I/O and memory read/write opera- 
tions. Figure 30 shows the signals and the pin assign- 
ment for the I/O Channel. 



5.1.1 REGISTER ACCESS AND DATA BUS 
INTERFACE 

The CPU accesses the StarLAN adapter card through 2 
I/O address windows. Address 300H is used to access 



to 82588 for commands and status, address 301H ac- 
cesses an on board control port that enables the various 
interrupt and DMA lines. Even though only two ad- 
dresses are needed, the card uses all the 16 addresses 
spaces from 300H to 30FH. This was done to keep sim- 
plicity and minimum component count. Registers ad- 
dress decoding is done using a PAL (16L8) and an ex- 
ternal NAND gate (U8). 



Hex Range 


Usage 


UUU-UUr 


UIVIA unip O<co/^A-0 


\J(e!.{J'\J(d\ 


interrupt odoxif\ 


U4U-U40 


1 imer o^oo-o 


UOU-UDO 


DPI fKORRA^R 


KfOyJ'KJOO 




V/r\A 


ixivii ividoiv n&yioiui 






UCA 




onn one 


Game Control 


910-917 


CApaiiolUii VJiill 




neservea 


c.tO'-iiLfr 


Reserved 






2F8-2FF 


Asynchronous Communications 




(Secondary) 


300-31 F 


Prototype Card 


320-32F 


Fixed Disk 


378-37F 


Printer 


380-380** 


SDLC Communications 


380-389** 


Binary Synchronous Communications 




(Secondary) 


3A0-3A9 


Binary Synchronous Communications 




(Primary) 


3B0-3BF 


IBM Monochrome Display/ Printer 


3C0-3CF 


Reserved 


3D0-3DF 


Color/Graphics 


3E0-3E7 


Reserved 


3F0-3F7 


Diskette 


3F8-3FF 


Asynchronous Communications 




(Primary) 


* At power-on time, the Non Mask Interrupt into the 
8088 Is masked off. 

This mask bit can be set and reset through 
system software as follows: 
Set mask: Write hex 80 to I/O Address hex AO 
(enable NMI) 

Clear mask: Write hex 00 to I/O Address hex AO 
(disable NMI) 
** SDLC Communications and Secondary Binary 
Synchronous Communications cannot be used 
together because their hex addresses overlap. 



Figure 31.1/0 Address Map 



Rear Panel 



GND- 
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CLOCK - 
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+IRQ7 - 
♦IRQ5 - 
*IRQ4 - 
♦IRQ3 - 
-DACK2 - 
♦T/C- 
+ALE- 
+5V- 
+OSC- 
GND- 



SIGNAL NAME 

— 1/0 CH CK 
— +D7 

— +D6 
— +05 
— +04 

— ♦03 

— ♦02 

— ♦01 

— ♦00 

— +1/0 CH ROY 

— ♦AEN 

— ♦AIS 

— ♦AIS 

— ♦Al? 

— ♦Aie 

— ♦AIS 

— ♦AU 

— ♦AIS 

— ♦A12 

— ♦All 

— ♦AID 

— *A9 

— ♦AS 

— ♦A? 
-^♦A6 

— ♦AS 

— ♦A4 

— ♦A3 

— ♦A2 

— ♦Al 

— ♦AO 



COMPONENT SlOE 
231422-31 



Figure 30. I/O Channel Diagram 
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CS_ (to 588) 

LDPRT_ (to DMA, INTERRUPT enable lines) 
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Register Access 



Format of Following Equations Will Be According To 
The Following Specifications: 
! INVERT 

« SIGNAL ACTIVE LOW 
& LOGIC AND 
# LOGIC OR 
A9NANDA8 = I (A9 & A8) 

CS_ = I ( !AEN & IA9NANDA8 & IA7 & !A6 & IA5 & !A4 & lAO ) 

LDPORT. = ! ( lAEN & IA9NANDA8 & !A7 & IA6 & IA5 & IA4 & AO & II0WR_ ) 

BUSEN_ = DACK1_ & DACK2_ & ( I ( lAEN & IA9NANDA8 & IA7 & IA6 & IA5 & IA4) ) ; 



The signal CS decodes address 300H, it is only active 

when AEN is inactive meaning CPU and not DMA 
cycles. LDPORT has exactly the same logic for ad- 
dress 30 IH, but it is only active during I/O write cy- 
cles. The I/O port sitting on address 30 IH is write 
only. The data BUS lines DO to D7 are buffered from 
the 82588 to the PC bus using an 74LS245 transceiver 
chip. 
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Data Bus Interface 



The Bus transceiver is enabled if: A DMA access is 
taking place, or I/O ports 300H to 30FH are being 
accessed. 

5.1.2 Control Port 

As mentioned the StarLAN adapter port has a 4-bit 
write only control port. The purpose of this port is to 
selectively enable the DMA and INTERRUPT request 
lines. Also it can completely disable the transmitter. 
Control Port Definition 



ENDRQ1 


ENDRQ3 


ENINTER 


TXEN 



ENDRQl, ENDRQ2 : "1" Enable DMA requests. 
ENINTER : "1" Enable INTERRUPT 

request. 

TXEN : "1" Enable the transmitter. 

On power up all bits default to "0". 
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5.1.3 CLOCK GENERATION 

The 82588 requires two clocks for operation. The sys- 
tem clock and the serial clock. The serial clock can be 
generated on chip by putting a crystal across XI and 
X2 pins. Alternatively, an externally generated clock 
can be fed in at pin XI (with X2 left open). In both 
cases, the frequency must be either 8 or 16 times (sam- 
pling factor) the desired bit rate. For StarLAN, 8 or 16 
MHz are the correct values to generate 1 Mb/s data 
rate. A configuration parameter is used to tell the 
82588 what the sampling factor is. An externally sup- 
plied clock must have MOS levels (0.6V-3.9V). Specifi- 
cations for the crystal and the circuit are shown in Fig- 
ure 32. 

The system clock has to be supplied externally. It can 
be up to 8 MHz. This clock runs the parallel side of the 
82588. Its frequency does not have any impact on the 
read and write access times but on the rate at which 
data can be transferred to and from the 82588 (Maxi- 
mum DMA data rate is one byte every two system 
clocks). This clock doesn't require MOS levels. 

The I/O channel of the IBM PC supplies a 4.77 MHz 
signal of 33% duty cycle. This signal could be used as a 
system clock. It was decided, however, to generate a 
separate clock on the StarLAN board to be indepen- 
dent of the I/O channel clock so that this board can 
also be used in other IBM PCs and also in some other 
compatibles. The 8 MHz system clock is generated us- 



ing a DIP OSCILLATOR which have the required 50 
ppm tolerance to meet StarLAN. This clock is convert- 
ed to MOS levels by 74HCT00 and fed into both the 
system and serial clock inputs. 

5.1.4 DMA INTERFACE 

The 82588 requires either one or two DMA channels 
for full operation. In this application, one channel is 
dedicated for reception and the other is used for trans- 
missions and the other commands. Use of only one 
DMA channel is possible but may require more com- 
plex software, also some RX frames may be lost during 
switches of the DMA channel from the receiver to the 
transmitter (Those frames will be recovered by higher 
layers of the protocol). Also using only one DMA 
channel will limit the 82588 loopback functionality. So 
the recommendation is to operate with two DMA chan- 
nels if available. Appendix C describes a method of op- 
erating with only one DMA channel without loosing 
RX frames. 

The IBM PC system board has one 8237A DMA con- 
troller. Channel 0 is used for doing the refresh of 
DRAMs. Channels 1, 2 and 3 are available for add-on 
boards on the I/O Channel. The floppy disk controller 
board uses the DMA channel 2 leaving exactly two 
channels (1 and 3) for the 82588. The situation is worse 
if the IBM PC/XT is used, since it uses channel 3 for 
the Winchester hard disk leaving just the channel 1 for 



Series Resonance 

—Frequency Will Drift by About 400 PPM from Nominal 

— No Capacitors Needed 

— Doesn't Meet StarLAN Requirements 

Meeting StarLAN 100 PPM Requirements 

— Use Parallel Resonance Crystal 

— Recommended For Precise Frequencies 

—82588 X-TAL Oscillator Stability ±35 PPM (0-70°C) 



CRYSTAL 




20 pF 



Crystal: Load Capacitance 

Shunt Capacitance = 7 pF Maximum 
Series Resistance = 30fl Maximum 
Frequency Tolerance = 50 PPM (0-70°C) 



CI, C2 



27 pF or 39 pF, 5% 



Figure 32. Crystal Specifications 
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the 82588. On the other hand, the IBM PC/AT has 5 
free DMA channels. We will assume that 8237A DMA 
channels 1 and 3 are available for the 82588 as in the 
case of the IBM PC. 

Since the channel 0 of 8237A is used to do refresh of 
DRAMs all the channels should be operated in single 
byte transfer mode. In this mode, after every transfer 
for any channel the bus is granted to the current high- 
est priority channel. In this way, no channel can hog 
the bus bandwidth and, more important, the refresh of 
DRAMs is assured every 15 microseconds since the re- 
fresh channel (number 0) has the highest priority. This 
mode of operation is very slow since the HOLD is 
dropped by the 8237A and then asserted again after 
every transfer. Demand mode of operation is a lot more 
suitable to 82588 but it cannot be used because of the 
refresh requirements. 

Whenever the 82588 interfaces to the 8237A in the sin- 
gle transfer mode, there is a potential 8237A lock-up 
problem. The 82588 may deactivate its DMA request 
line (DREQ) before receiving an acknowledge from the 
DMA controller. This situation may happen during 
command abortions, or aborted receptions. The 8237A 
under those circumstances may lock-up. In order to 
solve this potential problem, an external logic must be 
used to insure that DREQ to the DMA controller is 
never deactivated before the acknowledge is received. 
Figure 33 shows the logic to implement this function. 
This logic is implemented in the 16L8 PAL. 

The 82588 DREQ lines are connected to the IBM/PC 
bus through tri-state buffers which are enabled by writ- 
ing to I/O port 30 IH. This function enables the use of 
either one or two DMA channels and also the sharing 
of DMA channels with other adapter boards. 



5.1.5 INTERRUPT CONTROLLER 

The 82588 interrupts the CPU after the execution of a 
command or on reception of a frame. It uses the 8259A 
interrupt controller on the system board to interrupt 
the CPU. There are 6 interrupt request lines, IRQ2 to 
IRQ7, on the I/O channel. Figure 34 shows the assign- 
ment of the lines. In fact, none of the lines are com- 
pletely free for use. To add any new peripheral which 
uses a system board interrupt, this interrupt needs to 
have the capability to share the specific line, by driving 
the line with a tri-state driver. The 82588 StarLAN 
adapter board can optionally drive interrupt lines 
IRQ3, IRQ4 or IRQ5 (An 74LS125 driver is used). 



Number 


Usage 


NMI 


Parity 


0 


Timer 


1 


Keyboard 


2 


Reserved 


3 


Asynchronous Communications 




(Secondary) 




SDLC Communications 




BSC (Secondary) 


4 


Asynchronous Communications 




(Primary) 




SDLC Communications 




BSC (Primary) 


5 


Fixed Disk 


6 


Diskette 


7 


Printer 



Figure 34. IBM PC Hardware Interrupt Listing 
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Figure 33. DMA Request Logic 
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5.2 Serial Link Interface 



5.2.1 TRANSMIT PATH 



A typical StarLAN adapter board is connected to the 
twisted pair wiring using an extension cable (typically 
up to 8 meters — 25 ft.)- See Figure 35. One end of the 
cable plugs into the telephone modular jack on the Star- 
LAN board and the other end into a modular jack in 
the wall. The twisted pair wiring starts at the modular 
jack in the wall and goes to the wiring closet. In the 
wiring closet, another telephone extension cable is used 
to connect to a StarLAN HUB. The transmitted signal 
from the 82588 reach the on-board telephone jack 
through a RS-422 driver with pulse shaping and a pulse 
transformer. The received signals from the telephone 
jack to the 82588 come through a pulse transformer, 
squelch circuit and a receive enable circuit. 
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The single ended transmit signal on the TxD pin is 
converted to a differential signal and the rise and fall 
times are increased to 150 to 200 ns before feeding it to 
the pulse transformer (this pulse shaping is not a re- 
quirement, but proves to give good results). Am26LS30 
is a RS-422 driver which converts the TxD signal to a 
differential signal. It also has slew rate control pins to 
increase to rise and fall times. A large rise and fall time 
reduces the possibility of crosstalk, interference and ra- 
diation. By the other hand a slower edge rate increases 
the jitter. In the StarLAN adapter card, the first ap^ 
proach was used. The 26LS30 converts a square pulse 
to a trapezoidal one — see Figure 36. The filtering effect 
of the cable further adds to reduce the higher frequency 
components from the waveform so that on the cable the 
signal is almost sinusoidal. The pulse transformer is for 
DC isolation. The pulse transformers from Pulse Engi- 
neering — type PE 64382 — was used in this design. This 
is a dual transformer package which introduces an ad- 
ditional rise and fall time of about 70-100 ns on the 
signal, helping the former discussed waveshaping. 

5.2.2 IDLE PATTERN GENERATION 

StarLAN requires transmitters to generate an IDLE 
pattern after the last transmitted data bit. The IDLE 
pattern is defined to be a constant high level for 2-3 
microseconds. The purpose of this pattern is to insure 
that receivers will decode properly the last transmitted 
data bits before signal, decay. Currently the 82588 needs 
one external component to generate the IDLE. The op- 
eration principle is to have an external shift register 
(74LS164) that will kind of act as an envelope detector 
of the TXD line. Whenever the TXD line goes low 



Figure 35. Path from StarLAN Board to HUB 
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Figure 36. Wave Shaping 
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(first preamble bit), the output of the shift register 
(third cell) will immediately go low, enabling the RS- 
422 driver, the shift register being clocked by TCLK — 
will time the duration of the TXD high times. If the 
high time is more than 2 microseconds, meaning that 
the 82588 has gone idle, the transmitter will be disabled 
(See Figure 37). Another piece of this logic is the OR- 
ing of the output of the shift register with TXEN — sig- 
nal which comes from the board control port. This sig- 
nal completely disables the transmitter. The other pur- 
pose of this enable signal, is to make sure that after 
power-up, before the 82588 is configured, the RS-422 

drivers won*t be enabled (TCLK is not active before 

the configure command). See Figures 28, 29 for the 
complete circuit. 

5.3 RECEIVE PATH 

The signal coming from the HUB over the twisted pair 
wire is received on the StarLAN board through a 100ft 
line termination resistor and a pulse transformer. The 
pulse transformer is of the same type as for the transmit 
side and its function is dc isolation. The received signal 
which is differential and almost sinusoidal is fed to the 
Am26LS32 RS-422 receiver. As seen from Figure 38 
the pulse transformer feeds two RS-422 receivers. The 
one on the bottom is for squelch filtering and the one 
above is the real receiver which does real zero crossing 
detection on the signal and regenerates a square digital 
waveform from the sinusoidal signal that 



is received. Proper zero crossing detection is very essen- 
tial; if the edges of the regenerated signal are not at zero 
crossings, the resulting signal may not be a proper 
Manchester encoded signal (self introduced jitter) even 
if the original signal is vaUd Manchester. The resistors 
in the lower receiver keep its differential inputs at a 
voltage difference of 600 mV. These bias resistors en- 
sure that the output remains high as long as the input 
signal is more than — 600 m V. It is very important that 
the RxD pin remains HIGH (not LOW or floating) 
whenever the receive line is idle. A violation of this may 
cause the 82588 to lock-up on transmitting. Remember, 
that based on the signal on the RxD pin, the 82588 
extracts information on the data being received. Carrier 
Sense and Collision Detect. This squelch of 600 mV 
keeps the idle line noise from getting to the 82588. Fig- 
ure 39 shows that when the differential input of the 
receiver crosses zero, a transition occurs at the output. 
It also shows that if the signal strength is higher than 
— 600 mV, the output does not change. (This kind of 
squelching is called negative squelching, and it is done 
due to the fact that the preamble pattern starts with a 
going low transition). Note that the differential voltage 
at the upper receiver input is zero when the line is idle. 
The output of the squelch goes to a pulse stretcher 
which generates an envelope of the received frame. The 
envelope is a receive enable signal and is used to AND 
the signal from the real zero crossing receiver before 
feeding it to the RxD pin of the 82588. 
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5.4 80188 interface to 82588 

Although the 82588 interfaces easily to almost any 
processor, no processor offers as much of the needed 
functionality as the 80186 or its 8 bit cousin, the 80188. 
The 80188 is 8088 object code compatible processor 
with DMA, timers, interrupt controller, chip select log- 
ic, wait state generator, ready logic and clock generator 
functions on chip. Figure 40 shows how the 82588, in a 
StarLAN environment interfaces to the 80188. It uses 
the clock, chip select logic, DMA channels, interrupt 
controller directly from the 80188. The interface com- 
ponents between the CPU and the 82588 are totally 
eliminated. 



5.5 iSBX Interface to StarLAN 

Figure 41 shows how to interface the 82588 in a Star- 
LAN environment to the iSBX bus. It uses 2 DMA 
channels — tapping the second DMA channel from a 
neighboring iSBX connector. Such a board can be used 
to make a StarLAN to an Ethernet or a SNA or DEC- 
NET gateway when it is placed on an appropriate SBC 
board. It may also be used to give a StarLAN access to 
any SBC board (with an iSBX connector) independent 
of the type of processor on the board. 
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6.0 THE StarLAN HUB 

The function of a StarLAN HUB is described in section 
2.0. Figure 42 shows a block diagram of a HUB. It 
receives signals from the nodes (or lower level HUBs) 
detects if there is a colUsion, generates the collision 
presence signal, re-times the signal and sends it out to 
the higher level HUB. It also receives signals from the 
higher level HUB, re-times it and sends it to all the 
nodes and lower level HUBs connected to it. If there is 
no higher level HUB, a switch on the HUB routes the 
upstream received signal down to all the lower nodes. 
The functions performed by a HUB are: 

* Receiving signals, squelch 

* Carrier Sensing 

* Collision Detection 

* Collision Presence Signal Generation 

* Signal Retiming 

* Driving signals on to the cable 
*Jabber Function 

* Receive protection Timer 



6.1 A StarLAN Hub for the IBM/PC 

Figure 43 shows the implemention of a 5/6 port HUB 
for the IBM/PC. 

The idea of the following design is to show a HUB that 
plugs into the IBM/PC backplane. This HUB not only 
gets its power from the backplane, but also enables the 
host PC to be one NODE into the StarLAN network. 
This embedded node scheme enables further savings 
due to the fact that all the analog interface for this port 
is saved (receiver, transmitter, transformer, etc). 

This kind of board would suit very much a small clus- 
ter topology (very typical in departments and small of- 
fices) where the HUB board would be plugged into the 
FILE SERVER PC (PC/XT, PC/AT). 

The HUB design doesn't implement the Jabber and the 
protection timers as called by the 1BASE5 draft stan- 
dard. Those functions are optional and were not closed 
during the writing of this AP-NOTE. This HUB does 
implement the RETIMING circuit which is an essen- 
tial requirement of StarLAN. 

Figures 44 to 49 show a complete set of schematics for 
the HUB design. 
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Figure 43. IBM/PC Resident HUB 
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6.1.1 HUB INPUT PORTS 

Figure 38 shows a block diagram of an input port. Dif- 
ferently than the implementation in Figure 29 the HUB 
input port is potentially more complex than the NODE 
input port. The reason being that the HUB is a central 
resource and much more sensitive to noise. For exam- 
ple, if the NODE input port would falsely interpret 
noise on an IDLE line as valid signal, the worst case 
situation would be that this noise would be filtered out 
by the 82588 time squelch circuitry, on the HUB by the 
other hand, this false carrier sense could trigger a COL- 
LISION and a good frame (on another input) potential- 
ly discarded. 

As shown in Figure 38 immediately after the termina- 
tion resistor, there is a HIGH FREQUENCY FILTER 
circuit. The purpose of this circuit is to eliminate high 
frequency noise components keeping noise jitter into 
the allocated budget (about ± 30 ns). A 4 MHz two 
pole butterworth filter is being recommended by the 
IEEE 802.3 1BASE5 task force (see Figure 50). 



The time squelch for the NODE board is implemented 
by the 82588 (see section 3,7) this circuit makes sure 
that pulses that are shorter than a specified duration 
will be filtered out. 

The other components of the block diagram were ex- 
plained in section 3.0. 

The HUB design doesn't implement the HIGH FRE- 
QUENCY FILTER and TIME SQUELCH. In the 
HUB design as an output of each input port, two sig- 
nals are available: Rn, En, (RA, RB . . . , EA, EB . . . ). 
The Rn signals are the receive data after the zero cross- 
ing receivers. The En hnes are CARRIER SENSE sig- 
nals. The HUB design supports either 5 or 6 input 
ports, dependent upon if it is configured as IHUB or 
HHUB. Port RE, EE (Figure 49) is bidirectional, con- 
figurable for either input or output. Fort RF, EF is 

the embedded 82588 port, and doesn't require the ana- 
log circuitry (EF is inverted, being generated from the 
RTS_ signal). 
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Figure 50. Receiver High Frequency Filter 
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6.1.2 COLLISION DETECTION 

Rn and En signals from each channel are fed to a 16L8 
PAL, where the collision detection function is per- 
formed. 

COLLISION DETECTION: 



CDT 



! (EA & !EB & !EC & !ED & !EE & EF__ # 
! EA & EB & !EC & !ED & !EE & EF_ # 
! EA & !EB i& EC & !ED & !EE & EF__ # 
! EA & !EB & !EC & ED & !EE & EF__ # 
! EA & !EB & !EC & !ED & EE & EF_ # 
! EA & !EB & !EC & !ED & !EE & !EF_ # 
! EA & !EB & !EC & !ED & !EE & EF__ ); 



COLLISION DETECTION SR-FF: 



Collision Detection in the StarLAN HUB is performed 
by detecting the presence of activity on more than one 
input channels. This means if the signal En is active for 
more than one channel, a colUsion is said to occur. This 
translates to the PAL equations: 



(only EA active) 
(only EB active) 
(only EC active) 
(only ED active) 
(only EE active) 
(only EF active) 
(none of the inputs active) 



COLLEN_ = ! (CDT # COLLEN ); 

COLLEN__ = ! ( RESET_ # COLLEN__ # 

( !CDT & !EA & !EB & !EC & !ED & !EE & EF_); 



RECEIVE DATA OUTPUT: 

RCVDAT = ( ( RA # !EA ) i& ( RB # !EB ) & ( RC # !EC ) & 
( RD # !ED ) & (RE # !EE ) & (RF # EF_ ) ); 



(set with collision) 



( reset when all inputs inactive ) 



( output is high if no active input) 
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The COLLEN signal onte triggered will stay active un- 
til all inputs go quiet. This signal is used externally to 
either enable passing RCVDAT or the coUision pres- 
ence signal (CPS) to the retiming logic. An external 
multiplexer using 3 nand gates is used for this function. 
Note that in this specific implementation the CPS/ 
RCVDAT multiplexer is before the retiming logic, 
which is different from Figure 42 diagram. StarLAN 
provides enough BIT-BUDGET delay to allow the CPS 
signal to be generated through the retiming FIFO. In 
this HUB implementation it was decided to use this 
option to make sure that the CPS startup is synchroniz- 
ed with the previously transmitted bit as required by 
the 1BASE5 draft. 

6.1.3 THE LOCAL 82588 

As described before, the purpose of the local 82588 is to 
enable the Host IBM/PC to also be a node into the 
StarLAN network. The interface of this 82588 is exact- 
ly similar to the one explained in section 5. The RTS 

signal serves as the carrier EF signal, and TXD as 

RF signal. This local node interfaces to the HUB with- 
out any analog interface which is a significant saving. 

6.1.4 THE COLLISION PRESENCE SIGNAL 

The Collision Presence Signal (CPS) is generated by the 
HUB whenever the HUB detects a collision. It then 
propagates the CPS to the higher level HUB. The CPS 
signal pattern is shown in Figure 51. Whenever a Star- 
LAN node receives this signal, it should be able 
to detect within a very few bit times that a collision 
occurred. Since the nodes detect the occurrence of a 
collision by detecting violations in Manchester encod- 
ing, the CPS must obviously be a signal which violates 



Manchester encoding. Section 3.5 show^ that the CPS 
has missing mid-cell transitions occurring every two 
and a half bit cells. These are detected as Manchester 
code violations. Thus, the StarLAN node is presented 
with collision detection indications every two and a half 
ms. This results in fast and reliable detection of colli- 
sions. CPS has a period of 5 ms. 

One may wonder why such a strange looking signal was 
selected for CPS. The rationale is that this CPS looks 
very much like a valid Manchester signal — edges are 
0.5 or 1.0 microsec. apart — resulting in identical radia- 
tion, cross-talk and jitter characteristics as a true Man- 
chester. This also makes the re-timing logic for the sig- 
nals simpler — it need not distinguish between valid 
Manchester and CPS. Moreover, this signal is easy to 
generate. 

A few important requirements for CPS signal are: a) it 
should be generated starting synchronized with the last 
transmitted bit cell. CPS is allowed to start either low 
or high, but no bit cell of more than 1 microsecond is 
allowed (Avoid false idles, very long "low" bits), b) 
once it starts, it should continue until all the input lines 
to the HUB die out. Typically, when the collision oc- 
curs, the multiplexor in the HUB switches from RCV 
signal to the CPS, This switch is completely asynchro- 
nous to the currently being transmitted data, and by 
such may violate the requirement of not having bit cells 
longer than 1 jixs. In order to avoid those long pulses, 
the output of the CPS/RCVDAT multiplexer is passed 
through the retiming circuitry which will correct those 
long pulses to their nominal value. The reason for re- 
striction b) is to ensure that the CPS is seen by all nodes 
on the network since it is generated until every node 
has finished generating the Jam pattern. 
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• Collision Presence Signal (CPS) is generated by the HUB when it detects more than one input line active. 

• CPS violates Manchester encoding rules — due to missing mid-cell transitions — hence is detected as a colli- 
sion by the DTE (82588). 

Choice of Collision Presence Signal 

• It is a Manchester look-alike signal — edges are 0.5 or 1.0 /xs apart. 

— Identical radiation, crosstalk and jitter characteristics 

— Eases retiming of the signal in the HUB 

• It is easy to generate — 1.5 TTL pack, or in a PAL 



Figure 51. Collision Presence Signal 
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CPS is generated using a 4-bit shift register and a flip- 
flop as shown in Figure 52. It works off a 2 MHz clock. 
A closer look at the CPS waveform shows that it is 
inverse symmetric within the 5 fxs period. The circuit is 
a 5-bit shift register with a complementary feedback 
from the last to the first bit. The bits remain in defined 
states (01 100) till collision occurs. On collision the bits 
start rotating around generating the pattern of 
0011011001, 0011011001, 00110 ... with each state 
lasting for 0.5 jms. 
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Figure 52. Collision Presence 
Signal Generation 



6.1.5 SIGNAL RETIMING 

Whenever the signal goes over a cable it suffers jitter. 
This means that the edges are no longer separated by 
the same 0.5 or 1.0 jms as at the point of origin. There 
are various causes of jitter. Drivers, receivers introduce 
some shifting of edges because of differing rise and fall 
times and thresholds. A random sequence of bits also 
produces a jitter which is called intersymbol interfer- 
ence, which is a consequence of different propagation 
delays for different frequency harmonics in the cable. 
Meaning short pulses have a longer delay than long 
ones. A maximum of 62.5 ns of jitter can accumulate in 
a StarLAN network from a node to a HUB or from a 
HUB to another HUB. The following values show what 
are the jitter components: 

Transmitter skew ± 1 0 ns 
Cable Intersymbol interference ± 9 ns 

Cable Reflections ± 8 ns 
Reflections due to receiver 

termination mismatch ± 5 ns 

HUB fan-in, fan-out ± 5 ns 

Noise ± 25.5 

Total ±62.5 ns 



It is important for the signal to be cleaned up of this 
jitter before it is sent on the next stretch of cable be- 
cause if too much jitter accumulates, the signal is no 
longer meaningful. A valid Manchester signal would, as 



a result of jitter, may no longer be decodable. The pro- 
cess of either re-aligning the edges or reconstructing the 
signal or even re-generating the signal so that it once 
again "looks new*' is called re-timing. StarLAN re- 
quires for the signal to be re-timed after it has travelled 
on a segment of cable. In a typical HUB two re-timing 
circuits are necessary; one for the signals going up- 
stream towards the higher level HUB and the other for 
signals going downstream towards the nodes. 

6.1.6 RETIMING CIRCUIT, THEORY OF 
OPERATION 

This section will discuss the principles of designing a 
re-timing circuit. Figure 53 shows the block diagram of 
a re-timing circuit. The data coming in is synchronized 
using an 8 MHz sampling clock. Edges in the waveform 
are detected doing an XOR of two consecutive samples. 
A counter counts the number of 8 MHz clocks between 
two edges. This gives an indication of long (6 to 10 
clocks) or short (3 to 5 clocks) pulses in the received 
waveform. Pulses shorter than 3 clocks are filtered out. 
Every time an edge occurs, the length — (S)hort or 
(L)ong — of the pulse is fed into the FIFO. Retiming of 
the waveform is done by actually generating a new 
waveform based on the information being pumped into 
the FIFO. The signal regeneration unit reads the FIFO 
and generates the output waveform out of 8 MHz clock 
pulses based on what it reads, either short or longs. In 
summary every time a bit is read from the fifo, it indi- 
cates that a transition needs to occur, and when to fetch 
the next bit. When idle the output of the retiming logic 
starts with a "high" level. 



FIFO 

empty 

S 

S 

L 

L 



Output 

1111 

0000 

1111 

00000000 

11111111 



It can be seen that the output always has edges separat- 
ed by 4 or 8 clock pulses~-0.5 or 1.0 jus. 

The FIFO is primarily needed to account for a differ- 
ence of clock frequencies at the source and regeneration 
end. Due to this difference, data can come in faster or 
slower than the regeneration circuit expects. A 16 deep 
FIFO can handle frequency deviations of up to 200 
ppm for frame lengths up to 1600 bytes. The FIFO also 
overcomes short term variations in edge separation. It 
is essential that the FIFO fills in up to about half before 
the process of regeneration is started. Thus, if the re- 
generation is done at a clock slightly faster than the 
source clock, there is always data in the FIFO to work 
from. That is why the FIFO threshold detect logic is 
necessary, which counts 8 edges and then enables the 
signal regeneration logic. 
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Example: 

Input Waveform ... 1 1 1 1 0001 1 1 1 00000001 111111111 0001 1 1 1 1 00 . . 



Input Into 
the FIFO 



<S> <S> 



<L> 



<LXS> <S> 



Regenerated Output: 

Output: ... 1 1 1 1 1 00001 1 1 1 000000001 1111111 00001 11... 

FIFO: III I II 

<S> <S> <L> <L> <S> <S> 
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Figure 53. Retiming Blocl( Diagram 



6.1.7 RETII\/IING CIRCUiT ll\/IPLEiVIENTATION 

The retiming circuit implementation can be seen in Fig- 
ures 47, 48. Both figures implement exactly the same 
function, one for the upstream, and the other for the 
downstream. The retiming circuit was implemented us- 
ing about 8 SSI, MSI TTL components, one fifo chip 
and one PAL. The purpose of implementing this func- 
tion with discrete components was to show the imple- 
mentation details. The discussion of the implementa- 
tion will refer to Figure 47 for unit numbers. 

The signal UPIMP which is an output of the HUB 
multiplexing logic, is asynchronous to the local clock. 
This signal is synchronized by two flip-flops and fed 
into an edge generation logic (basically an XOR gate 
that compares the present sample with the previous 
one). On every input transition a 125 ns pulse will be 



generated at the output of the edge detector (U28). This 
pulse will reset the 74LS161 counter that is responsible 
for measuring pulse widths (in X8 cloek increments). 
The output of the pulse discriminator will reflect the 
previous pulse width every time a new edge is detected. 
The following events will take place on every detected 
edge: 

1. U26 which is the threshold detector will shift one 
"1" in. The outputs of U26 will be used by the con- 
trol PAL to start the reconstruction process. 

2. The output of U23 whiph specifies the last pulse 
width will be input into the control PAL for deter- 
mining if it was a long or short pulse. The result of 
this evaluation will be the LSIN signal which will be 
loaded into the fifo (U22). 

U22 is the retiming FIFO, it is 16x4 fifo, but only one 
bit is necessary to store the SHORT/LONG informa- 
tion. 
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CONTROL LOGIC PAL functions (U25): 
Signals definition: 



INPUTS: 
PD0..PD3: 



EDD__: 

THRESH: 
CNTEN: 

CNTEND: 
OUTDAT: 



Outputs of the pulse descriminator, indi- 
cate the width of the last measured 
pulse. 

Output of the edge detector, pulse of 125 
ns width, indicates the occurrence of an 
edge in the input data. 

Output of the threshold logic, indicates 
at least one bit was already received. 

Output of the Threshold logic, indicates 
7 bits have been loaded into the FIFO, 
and that signal reconstruction can begin. 

The same signal as before delayed by one 
clock. 

Output of the retiming logic, is feedback 
into the PAL to implement a clocked 
T-FF. 



CNTTC: 
OR: 

OUTPUTS: 
LDFIFO_: 

LSIN: 
CNTPE_: 

ODAT: 



Terminal count of the reconstruction 
counter, indicating that reconstruction 
of a new bit will get started. 

Output of the FIFO indicating, that the 
FIFO is empty and that IDLE genera- 
tion can get started. 

Loads SHORT/LONG indications into 
the FIFO. 

Indicates SHORT/LONG 

Loads FIFO SHORT/LONG output 
into the reconstruction counter. 

Together with the external U21 flip-flop 
and OUTDAT implement a clocked 
T-FF. 



Loading the FIFO will be done every time there is an 
edge, we have passed the one bit filter threshold level, 
and the pulse width is longer than two 8X clocks. This 
one bit threshold level serves as a time domain filter 
discarding the first received preamble bit. 



RESET_: Resets the retiming logic. 



LDFIFO^ = I ( PDl # PD2 # PD3 ) & !EDD_ & THRESH ) ; 

Whenever there is an edge , we are above the first received bit threshold 
and the pulse width is longer than "1" the f ifo is loaded. 

LSIN = ! (PD3 # (PD2 & PDO) # (PD2 & PDl)) ; 

Every pulse longer than 6 is considered to be a long pulse . 

CNTPE_ = ! ( (CNTEN & ICNTEND) # CNTTC ) ; 

The reconstruction counter is loaded in two conditions ; 

Whenever CNTEN comes active, meaning the FIFO threshold of seven was exceeded. 

Whenever the terminal count of U24 is active meaning a new pulse is going to be reconstructed. 

ODAT = IRESET_ # ( !CNTPE_ & !OUTDAT) (A) 

# ( CNTPE_ & OUTDAT) (B) 

# ( !CNTPE_ & !0R) (C) 

Minterm (A) and (B) implement a T-FF, whenever CNTPE. is "low" 
ODAT will toggle. The external U21 is part of this flip-flop. 
Minterm (C) insures the output of the flip-flop will go inactive 
"high" when the FIFO is empty. RESET, causes the output to go 
"high" on initialization. 
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U24 as mentioned is the reconstruction counter. This 
counter is loaded by the control logic with either 8 or 
12, it counts up and is reloaded on terminal count. Es- 
sentially generating at the output nominal length longs 
and shorts. 

1/22 is the retiming FIFO, and its function as men- 
tioned is to accommodate frequency skews between the 
incoming and outgoing signal. 

U27 is the IDLE generation logic. The purpose of this 
logic is to detect when the FIFO is empty, meaning that 
no more data needs to be transmitted. On detection of 
this event this component will generate 2 ms of IDLE 
time. On the end of IDLE the whole retiming logic will 
be reset. 

6.1.8 DRIVER CIRCUITS 

The signal coming out of the RETIMING LOGIC is 
fed into 26LS30s and pulse transformers to drive the 
twisted pair lines (See section 5.0 for details). 

6.1.9 HEADER/INTERMEDIATE HUB SWITCH 

As seen on Figure 43 this hub can be configured as 
either an intermediate hub, or a Header one. One of the 
phone jacks, more specifically JACK # 5 is either an 
input port or an output one. In order to implement this 
function, an 8 position DIP SWITCH (SWl) is used. 
The phone jacks are marked with UD, DD notation, 
meaning upstream data, and downstream data respec- 
tively. As specified in the StarLAN 1BASE5 draft 
NODES transmit data on UD pair, and HUBS on the 
DD pair. Switch SWl has the function to invert UD, 
DD in PHONE JACK #5 to enable it to be either 
input or output port. 

6.1.10 JABBER FUNCTION 

This design does not implement the jabber unit but it is 
described here for completeness. IEEE 802.3 does not 
mandate this feature, but it is "Strongly Recommend- 
ed". The jabber function in the HUB protects the net- 
work from abnormally long transmissions by any node. 

Two timers Tl, T2 are used by the JABBER function. 
They may be implemented either as local timers (one 
for each HUB port) or as global timers shared by all 
ports. After detecting an input active, timers Tl, T2 



will be started, and Tl will time out after 25 to 50 ms. 
T2 will time-out after 51 to 100 ms. During T2 time, 
after Tl expired, the HUB will send the CP-PAT- 
TERN informing any jamming stations to quit their 
transmissions. If on T2 time-out there are still jamming 
ports, their input is going to be disabled. A disabled 
port, will be reenabled whenever its input becomes 
again active and the downward side is idle. 

The following is an explanation of the requirement that 
the downward side be idle to reenable an input port. 
Consider the case of Figure 54. The figure shows a two 
port HUB. Port A has two wires Au, Aj for the up and 
down paths. Port B has By, B^j respectively. Port C is 
the output port, that broadcasts to the other HUBs 
higher in the hierarchy. Consider the case as shown, 
where Bu and B^ are shorted together. Suppose the case 
that port Au is active. Its signal will propagate up in the 
hierarchy through Cy and come down from Cj to Aj, 
and Bd. Due to the short between Bj and By the signal 
will start a loop, that will first cause a collision and jam 
the network forever. This kind of fault is taken care of 
by the jabber circuitry. Tl and T2 will expire, causing 
the jabber logic to disable Bu input. Upon this disabling 
Bu is going to go Idle and be a candidate for future 
enabUng. Suppose now that Ay is once again active. If 
the reenable condition would not require C^ to be 
IDLE, Bu would be reenabled causing the same loop to 
happen once again. Note that in this case C^ will be 
active before Bu causing this port to continue to be 
disabled and avoiding the jamming situation (Figure 
55) gives a formal specification of the jabber function). 




231422-96 

Figure 54. Jabber Function 



1-396 



AP-236 



Power On 



INPUT (X) = active 



J'^^^^f 

• start_]abberTIme 1 

• start_ jabber Time 2 



INPUT(X) = ldle 



jabber Time 1 _done ♦ INPUT (X) = active 



JJiBBER JAM _ 

• jabber_collfsion 



1 probation_alternative 
♦ INPUT (X) = idle 



((jabber Time 2_done + INPUT(UPPER) = idle) 

♦ INPUT (X)=: active 

♦ (probation.alternative ♦ INPUT (X) = idle) 



• disable_input(X) 



INPUT (X) = active ♦ INPUT(UPPER) = active 



INPUT (X) = idle 



JABBER PROBATION 

'•"disablerinput (X) 



I INPUT (X) = active ♦ INPUT(UPPER) = Idle 



- Wait for input active. 



- Input is active, activate timers T1 , T2. 
If input goes idle, then it was a 
normal transmission. Otiierwise If 
jabber Timer 1 expires, the transmission 
is illegal. Start generating collision 
pattern In state JABBER JAM. 

- Variable probatIon_alternatlve indicates 

two possible woys of Implementing the function. 
Implementation of either one Is allowed. 



Conditions for going to state JABBER SHUTOFF 

- T2 expires. 

- INPUT(UPPER) = Idle ♦ INPUT (X) = active 

It means tliat the current HUB was 
SHUTOFF by a higher hierarchy one. 
This one will also SHUTOFF with the 
purpose that a jamming input be 
DISABLED at the lowest possible level. 

-INPUT(X) = Idle 

Two alternatives are allowed : 
Go back to JABBER IDLE, or 
go to the SHUTOFF state. 

- On stote JABBER SHUTOFF, the 
Input Is disabled. 

- Input will be reenabled If input Is active, 
and the upper port Is quiet. 
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Figure 55. Jabber State Diagram 



6.1.11 HUB RECEIVER PROTECTION TIMER 

On the end of a transmission, during the transition 
from IDLE to high impedance state, the transmitter 
will exhibit an undershoot and/or ringing, as a conse- 
quence of transformer discharge. This undershoot/ 
ringing will be transmitted to the receiver which needs 
to protect itself from false carriers due to this effect. 
One way of implementing this protection mechanism is 
to implement a blind timer, which upon IDLE detec- 
tion will "blind" the receiver for a few microseconds. 

Causes of the transmitter undershoot/ringing: 

1. Difference in the magnitudes of the differential out- 
put voltage between the high and the low output 
stages. 

2. Waveform assymmetry due to transmitter jitter. 

3. Transmitter and receiver inductance (transformer 
L). 

4. Two to three microseconds of IDLE pattern. 



All the described elements will contribute to energy 
storage into the transformer inductor, which will dis- 
charge during the transition of the driver to high im- 
pedance. 

The blinding timer is currently defined to be from 20 to 
30 microseconds for the HUBs, being from 0 to 30 mi- 
croseconds for the nodes (optional). The 82588 has 
built-in this function. It won't receive any frames for an 
inter-frame-spacing (IFS) from the idle detection. 

6.1.12 HUB RELIABILITY 

Since the StarLAN HUBs form focal points in the net- 
work, it is important for them to be very reliable, since 
they are single points of failure which can affect a num- 
ber of nodes or can even bring down the whole net- 
work. StarLAN 1 BASES draft requires HUBs to have 
a mean time between failures (MTBF) of at least 5 
years of continuous operation. 
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7.0 SOFTWARE DRIVER 

The software needed to drive the 82588 in a StarLAN 
environment is not different from that needed in a ge- 
neric CSMA/CD environment. This section goes into 
specific procedures used for operations like TRANS- 
MIT, RECEIVE, CONFIGURE, DUMP, ADDRESS 
iSET-UP, etc. A special treatment will be given to inter- 
facing with the IBM PC— DMA, interrupt and I/O. 

Since all the routines were written and tried out in 
PLM-86 and ASM-86, all illustrations are in these lan- 
guages. 

The following software examples are pieces of an 82588 
exerciser program. This program*s main purpose was to 
exercise the 82588 functionality and provide the func- 
tions of traffic generation and monitoring. By such the 
emphasis was on speed and accuracy of statistics gath- 
ering. 

7.1 Interfacing to IBM PC 

The StarLAN board interfaces to the CPU, DMA con- 
troller and the interrupt controller on the IBM PC sys- 
tem board. The software to operate the 82588 runs on 
the system board CPU. The illustrated routines in this 
section show exactly how the software interface works 
between the system resources on the IBM PC and the 
StarLAN board. 



7.1.1 DOING I/O ON IBM PC 

The safest way to use the PC monitor as an output 
device and the keyboard as the input device is to use 
them through DOS system calls. The following is a set 
of routines which are handy to do most of the I/O: 

keySstat — ^to find out if a new key has been 
pressed 

keyinSnoecho — ^to read a key from the keyboard 
charSout — to display a character on the screen 

msg$out — to display a character string on the 
screen 

lineSin — to read in a character string from the 
keyboard 

The exact semantics and the protocol for doing these 
functions through DOS system calls is shown in the 
Usting in Figure 56. Refer to the DOS Manual for a 
more detailed description. To make a DOS system call, 
register AH of 8088 is loaded with the call Function 
Number and then, a software interrupt (or trap) 21 hex 
is executed. Other 8088 registers are used to transfer 
any parameters between DOS and the caUing program. 
The code is written in Assembly language for register 
access. Let us see an example of the 'msgSout' routine: 



Ids dx, STRING-POINTER ; load pointer to string in reg. ds:dx 
mov ah,09h ; 9 = function number for string o/p 

int 21h ; DOS System Call 

These procedures are called from another module, written in a higher level language like PLM-86. The parameters 
are transferred to the ASM-86 routines on the stack. 



Examples of using the I/O routines: 

KEY.STATUS = key$stat ; 

NEW^KEY = keyinlnoecho ; 

call line$in{@LINE.BUFFER) ; 

call char$out (CHAR-OUT) ; 

call msg$out(@('THIS IS A MESSAGE. $•) ) ; 



/* INQUIRE KEYBOARD STATUS */ 

/* INPUT NEW KEY */ 

/* STRING INPUT */ 

/* TO OUTPUT CHAR.OUT ON SCREEN*/ 

/* OUTPUT STRING */ 

/* NOTE % TERMINATOR */ 
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/- 

/* Declarations for external IBM PC I/O routines */ 

/* 

key $ St at: procedure byte erternal; /• key status routine •/ 

end keylstat; 

key$in$noeoho : procedure byte external; /• console input routine */ 

end key$in$noeo&o: 

cliar$out: procedure (char) external; /• console output routine •/ 
declare cheur byte; 
end charSout; 

asglout: procedure(msg$ptr) external; /* console string output routine 

declare msgSptr pointer; 
end nsgSout; 

lineSin: procedure(line$ptr) external; /• console string input routine 

declare line$ptr pointer; 
end line$in; 

Assembly Language implementation of the routines 

$TITLB(IBM/PC DOS CALLS PROCBDURBS) 

NAME DOSPROCS 

DGROUP GROUP DATA 

CGROUP GROUP CODE 

DATA SEGMENT WORD PUBLIC 'DATA' 

DATA ENDS 



EQU 



SEGMENT WORD PUBLIC 'CODE' 
ASSUME CS: CGROUP. DS: DGROUP 



; CHARS OUT: PROCEDURE (CHAR) EXTERNAL; 
; DECLARE CHAR BYTE; 
; END CHARSOUT; 

; Outputs character to the screen. 
; DOS system call 2 



CHAR 




EQU 


[BP+4] 


STA(3K 








CHAROUT 




PROC 


NEAR 


+ 


■+ 








PUBLIC 


CHAROUT 




1 CHAR 




X 






PUSH 


BP 














MOV 


BP,SP 




IIP 10 


! 


X- 


-1 




MOV 


DL.CHAR 














MOV 


AH, 2 




IIP hi 


! 


X- 


-2 




INT 


DOS 




+ 


+ 








POP 


BP 




IBP lo 




X- 


-3 




RET 


2 




+ 


+ 






CHAROUT 




ENDP 




IBP hi 


1 


X- 


-4 



-SP 



KEYINSNOECHO: PROCEDURE BYTE EXTERNAL; 
END KEYINSNOECHO; 

Reads character without echoing to display 

KEYINNOECHO PROC NEAR 

PUBLIC KEYINNOECHO 

MOV AH, 6 (DOS call 8) 

INT DOS 

RET 

KEYINNOECHO ENDP 

Figure 7-56. I/O Routines for IBM/PC (continued) 



Figure 56. I/O Routines for IBI\A/PC 
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MSG$OUT: PROCEDURE ( MSGS PTR) EXTERNAL; 
DECLARE MSGSPTR POINTER: 
END MSGSOUT; 

/• NOTE: MESSAGE IS TERMINATED WITH A DOLLAR SIGN •/ 
MSGSPTR Is double word pointer SEG: OFFSET 



MSG_L 
MSG_H 





EQU 




EQU 




PROC 1 


PUBLIC 


MSGOUT 


PUSH 


BP 


MOV 


BP.SP 


MOV 


DX,MSG_L 


PUSH 


DS 


MOV 


AX.MSG_H 


MOV 


DS,AZ 


MOV 


AH. 9 


INT 


DOS 


POP 


DS 


POP 


BP 


RET 


4 



[BP+4] 
tBP+63 



(DOS call 9) 



MSGOUT 



LINES IN: PROCEDURECLINESPTR) EXTERNAL; 
DECLARE LINES PTR POINTER; 
END LINES IN 



LINE_L 
LINE_H 



PUBLIC 

PUSH 

MOV 

PUSH 

MOV 

MOV 

MOV 

MOV 

INT 

POP 

POP 

RET 



EQU 
EQU 



[BP-f4] 
tBP+6] 



PROC NE 

LINEIN 

BP 

BP.SP 
DS 

AX,LINE_H 

DS.AX 

DX.LINE_L 

AH, 10 

DOS 

DS 

BP 

4 

BNDP 



(DOS oall 10) 



KEYS STAT: PROCEDURE BYTE EXTERNAL; 
END KEYS STAT; 

Indicates whether any keyboard key was pressed. 



PROC NEAR 
KEYSTAT 

AH. 11 (DOS call 11) 

DOS 

ENDP 



ENDS 
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Figure 56. I/O Routines for \BWPC (Continued) 

7.2 Initialization and Declarations ^^^ure 58 shows the initialization routines for the IBM 

PC and for the 82588. It also shows some of the typical 
Figure 57 shows some declarations describing what ad- values taken by the memory buffers for Configure, 
dresses the devices have and also Some literals to help lA — Set, Multicast and transmit buffers, 
understand the other routines in this section. 



KEYSTAT 

PUBLIC 
MOV 
INT 
RET 

KEYSTAT 



CODE 

END 
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Following are some literal declarations that are used in the procedure examples 



Following are sone literal 
procedure examples 
declare 



declarations that are used in the 



cs_688 

brd_port 

piojnask 

pio_oow2 

dmaunask 

dma^ode 

dma^flff 

dina_addr_l 

dna«bo_l 

dina_addrh_l 

dnia_addr_3 

dinajx>_3 

dma_addrh_3 

dma_on_l 

dBia_on_3 

dina_of£_l 

dma_off_3 

enable_688 

Beoi_pioo 

tx^dir 

rx_dir 

dina_rx_mode_l 
dma_rx_inode_3 
dii«L.tx_niode_l 
dma_tx_mode_3 



literally '0300h' , /• 
literally 'OSOlh' 
literally '021h' 
literally '020h' 
literally 'Oah' 
literally 'Obh' 
literally 'Ooh' 
literally '02h' 
literally '03h' 
literally '083h' 
literally 'Oeh' 
literally '07h' 
literally '082h' 
literally 'Olh' 
literally '03h' 
literally '05h' 
literally '07h' 
literally 'Odfh' 
literally '068h' 
literally ' 1 ' 
literally '0' 
literally '048h' 
literally '047h' 
literally '049h' 
literally '04bh' 



82588 COMMAND/ STATUS 



/* DMA/INTBRUPT ENABLE PORT 
/* 82B9A MASK REGISTER 
/* 825gA COMMAND VORD 2 
/* 8237A MASK REGISTER 
/* 8237A MODE REGISTER 
/• 8237A 1ST/2ND BYTE PLOP 



/* 8237A CHANNEL 1 

/ 
/ 
/ 
/ 
/' 
/* 



ADDR. REG. 
6237A CHANNEL 1 BYTE COUNT 
CHANNEL 1 PAGE REGISTER 
8237A CHANNEL 3 ADDR. REG. 
8237A CHANNEL 3 BYTE COUNT 
CHANNEL 3 PAGE REGISTER 
START CHANNEL 1 



/* START CHANNEL 3 

/* STOP CHANNEL 1 

/* STOP CHANNEL 3 

/« UNMASK INTERRUPT LEVEL 5 

/• SPECIFIC EOl LEVEL 8 

/* MEMORY TO 82888 

/* 82588 TO MEMORY 

/• RX ON CHANNEL « 1 

/* RZ ON CHANNEL ♦ 3 

/• TX ON CHANNEL ♦ I 

/* TZ ON CHANNEL ♦ 3 



•/ 
»/ 
•/ 
»/ 
•/ 
«/ 
•/ 
*/ 
•/ 
*/ 
*/ 
*/ 
•/ 
•/ 
*/ 
V 
V 

*/ 
•/ 

V 

*/ 

V 

*/ 

V 



Figure 57. Literal Deciarations 



Initialization Routines 



Initialization routines 

/• SYSTEM INITIALIZE */ 



sys_init: procedure; 



call setSinterrupt (13,intr_588) ; /* BASE 8, LEVEL 5 */ 

output (pic_inask) - input (pic^mask) and enable_588; /* ENABLE 888 INTERR. V 
output (pio_0Ow2) - seol_pioO; /* ACKS PENDING INTERR* / 



wr_ptr , rd_ptr , f if oont-0 ; 



/• RESET STATUS FIFO •/ 



/* CONVERT SEG: OFFSET FORMAT TO 20 BIT ADDRESSES */ 
/* FOR ALL THE BUFFERS •/ 



iaset_dma_addr - convert_20bit_ 
onf_dina_addr - convert_20bit. 
dinp_dma_addr - convert_20bit_ 
inc_dnia_addr - convert_20bit_ 
tx_dma_addr - convert_20bit. 
do i-0 to 7 ; 

rx_diDa_addr ( i ) -oonvert_20bit_addr (©rx_buf f er ( i ) . buff ( 0 ) ) ; 
end; 



.addr («ia_set_buf f_888(0) ) ; 
.addr(«conf ig_588(0) ) ; 
.addr(«)duiBp_buff_588(0)) ; 
.addr(Omultioast_buf f _588(0) ) ; 
.addr(«tx_buf fer_588(0)) ; 



output ( brd_port ) -Of f h ; 

end sys.init; 
82588 initialization 
init_588: procedure; 



ENABLE DMA AND INTERRUPT DRIVERS 



config_588(00) 

config_588(01) 

config_588(02 

config_588(03) 

config_588(04) 

oonfig_588(05) 

oonfig_588(06) 

config_588(07) 

config_588(08) 

config_588(09) 

config_588(10) 

oonfig_588(ll) 



10; 
00; 

00001000b; 

buff_len/4; 

00100110b; 

00000000b : 

96: 

0; 

11110010b; 
00000100b; 
10001000b; 
64; 



/» TO CONFIGURE ALL 10 PARAMETERS 

/• MODE 0, 8 MHZ CLOCK, 1 MB/S 
/* RECEIVE BUFFER LENGTH 

/* NO LOOPBACK. ADDR LEN - 6. PREAMBLE - t 

/* DIFFERENTIAL MANCHESTER - OFF 

/* IFS - 96 TCLK 

/* SLOT TIME - 612 TCLK 

/• MAX. NO. RETRIES - 15 

/* MANCHESTER ENCODING 

/» INTERNAL CRS AND CDT. CRSF - 0 

/* MIN FRAME LENGTH - 64 BYTES - 512 BITS 



*/ 
*/ 
*/ 
*/ 
♦/ 
*/ 
*/ 
*/ 
*/ 
*/ 



Figure 58. Initialization Routines 
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ia_set_buf f _588 ( 0 ) 
ia_set_buf f _588 ( 1 ) 
ia_set_buff_588(2) 
ia_eet_buf f _588 ( 3 ) 
ia_set_buff_588(4) 
ia_set_buff_588(8) 
ia_set_uff_888(6) 



6; 
0; 

OOOh: 
041h; 
OOOh; 
OOOh; 
OOOh; 



iau.set_buff_888(7) - OOOh; 



multioast-buff. 
multioast^buff. 
multicast _buff. 
multioastjbuff. 
inultioaBt_buff_ 
multioast^buff, 
mult loast_buf f _ 
multioast_buff_ 
multioast_buff_ 
multioast_buff„ 
multioast_buff_ 
multioast_buff^ 
multioast_buff_ 
multicast Jt)uff_ 



.888(00) 
.888(01) 
.888(02) 
.888(03) 
.888(04) 
.888(08) 
.888(06) 
.888(07) 
.888(08) 
.688(09) 
.888(10) 
.888(11) 
.888(12) 
.688(13) 



- 12; 

- OOh 

- llh 

- 12h 

- 13hi 

- 14h; 

- 18hi 
• I6h 

- 21h 

- 22h 

- 23h 
«24h; 

- 28h: 

- 26h; 



tx_buf£er_688(00) 
tx_buffer_888(01) 



tx_buffer_888(02) - 01 Ih 
tx_buffer_888(03) - 012h 
tx_buffer_888(04) - 013h 
tx_buffer_888(08) - 014h 
tx_buffer_8a8(06) - 016h 
tx_buffer_888(07) - 016h 

end iait_B88; 



tx_frame_.len mod 286; 
tx_frame_len / 286; 



INITIAL DESTINATION ADDRESS - MC(1) */ 
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Figure 58. Initialization Routines (Continued) 



7.3 General Commands 

operations like Transmit, Receive, Configure, etc. are 
done by a simple sequence of loading the DMA con- 
troller with the necessary parameters and then writing 
the command to the 82588. 

Example: Configure Command 

To configure the operating environment of the 82588. 
This command must be the first one to be executed 
after a RESET. 

call 

DMA_LOAD ( 1 , 1 , 12 , @C0NFIG«588-ADPR) ; 
output (CS-588) = 12h; 

The first statement is the prologue to the configure 
command to the 82588 which calls a routine to load 
and initialize the DMA controller for the desired opera- 
tion. This routine is described in section 7.4. The pa- 
rameters for DMA LOAD are: 



82588 channel 
number ( = 1) 
direction ( = 1, 
memory >> 82588) 
third parameter = length of DMA 

transfer ( = 12) 



first parameter 
second parameter 



fourth parameter = pointer to a 20 bit 
address of the 
memory buffer 
(=@C0NFIG_588_ADDR) 

The second statement writes 12h to the command regis- 
ter of the 82588 to execute a Configure command on 
channel 1. 

When the command execution is complete (successfully 
or not), 82588 interrupts the 8088 CPU through the 
8259A, on the system board. This executes the inter- 
rupt service routine, described in section 7.5, which 
takes the epilpgue action for the command. 

Most operations are very similar in structure to Config- 
ure. The 82588 Reference Manual describes them in 
detail. Figure 59 shows a listing of the most commonly 
used operations like: 

CONFIGURE INDIVIDUAL-ADDRESS (lA) 
SET-UP 

TRANSMIT MULTICAST-ADDRESS (MC) 

SET-UP 

DIAGNOSE RECEIVE (RCV) -ENABLE 

DUMP RECEIVE (RCV) -DISABLE 

TDR RECEIVE (RCV) -STOP 

RETRANSMIT READ-STATUS 
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ia_set: procedure pxiblio; /* COMMAND - 01 •/ 




call djna_load( onKl_ohannel , tx_dir , 8 , ®iaset_dma_addr ) ; 




/ Dfil uail UAAMMiSli U UK 1 1\J TKANorSR FKUn lISnORz 

TO THE 62586. laset_dna_addr VARIABLE STORES THE 
20 BIT POINTER TO THE INDIVIDUAL ADDRESS BUFFER */ 




If ond_oha2mel then output (os 688) - llh; 
else output (08_866) - Olli,; 




/* EVERY COMMAND CAN BE EXECUTED IN EITHER DMA CHANNEL 0 OR 1. 
THE VARIABLE osid_ohannel INDICATES THE REQUIRED CHANNEL */ 












oonfig: procedure public; /• COMMAND - 02 •/ 




call dma_load( oind_oliaimel , tx_dlr , 12 , «onf _ditta_addr ) ; 
If o]nd_c]aa2mel then output (os^688) I2h; 
else output (os_688) - 02h; 








multicast: procedure public; /* COMMAND - 03 */ 




call dffia_load(cind_channel,tx_dir, 14,Omc data addr); 
if oind_channel then output (cs_568) - 13h; 
exse ouxpu X ^ O8_ooo j uoa ; 




end multicast ; 




transmit: procedure (buffer_len) public; /* COMMAND - 04 */ 


•/ ' 


declare buffer_len word* 




tx_buffer_566(00) - low(buffer len); 
tx_buffer_588(0l) - highCbuf f er_len) ; 




call dma_load( cmd_channel , tx_dir , 1 536 , ©tx_dma_addr ) ; 




if cmd_channel then output Ccs 568) - 14h; 
else output (cs_566) - 04h; 




end transmit; 
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Figure 59. General Commands 
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tdr: procedure public; 



COMMAND - 08 */ 



if coid_ohannel then output (os_B88) - 16h; 
else output (os_588) - 05h; 



end tdr; 
/* 



d\mp_588: procedure public; /' 

call dina_load(caid_channel,rx_dir,64,»Sm] 
if cmd^ohannel then output (cs_B88) - K 
else output (o8_588) - 06h; 

end du]Bp_588; 



COMMAND - 06 •/ 
_dina_addr) ; 



diagnose: procedure public; 

output 

else output (cs_688) - 07h: 
end diagnose; 



COMMAND - 07 



rov_enable : procedure ( channel , buf f er_no , len ) public ; 

declare channel hytei 
declare len word; 
declare buffer_no byte; 

call daia„load(ohannel,rx_dir,len,«rx_dina_addr(buffer_no)) ; 
if rx_channel then output (cs_888) - I8h; 
else output (os_B88) - 08h; 

end rcv_enable; 

/♦ 

rcv_disable: procedure public; 

enable_rov-0 ; 
output (cs_B88 ) -Oah ; 

end rcv.disable; 



COMMAND - 08 */ 



/• COMMAND - 10 */ 
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rcv_stop: procedure pxiblic; /» COMMAND - ] 

enable_rov-0 ; 
output (cs_B88)- Obh; 

end rov_stop; 

/* „ , 

retransmit: procedure public; /« COMMAND - 18 

call dma_load(cnid_channel , tx_dir , 1B36 , ®tx_daia_addr) ; 
if oind_ohajinel then output (os_B88) - loh; 
else output (cs_B88) - Ooh; 

end retransmit; 



abort: procedure public; 

output (os_B88)- Idh; 
call new_status(l); 

end abort; 

/•» . 



/• COMMAND ~ 13 V 



reset _B88: procedure public; 

enable_rcv-0 ; 

output (CB_B88) - leh; 

call oonfig; 

end reset_888; 



/* COMMAND - 14 •/ 



Figure 59. General Commands (Continued) 
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7.4 DMA Routines listing of this procedure. It accepts 4 parameters 

from the calling routine to decide the programming 

DMA LOAD procedure is used to program the configuration for the 8237A. The parameters for 

8237A DMA controller for all the operations requiring DMA_LOAD are: Channel, direction, bufF_len, and 
DMA service. It also starts or enables the programmed buff_addr. 
DMA channel after programming it. Figure 60 shows 



Converting a pointer SEG: OFFSET to a 20 bit address 
oonvert_20bit_addr :prooedure(ptr) dword public: 

declare ptr pointer , 

ptr_addr pointer , 
ptr_20bit dword , 
twrd based ptr_addr)(2) word; 

ptr_addr-®ptr ; 

ptr_20bit-shl((ptr_20bit :-wrd(l)) ,4)+wrd(0) ; 
return(ptr_20bit) ; 

end oonvert_20bit_addr ; 
IBM/ PC DMA loading procedure 

dma_load: prooedureCohannel, direction, buff_len,buff_addr) reentrant public; 

declare channel byte; /* CHANNEL #. 0 or 1 •/ 

declare direction byte; /* 0-RX. B88 -> MEM; 1-TX, MEM -> 588 •/ 

declare buff_len word; /• BYTE COUNT */ 

declare buff_addr pointer; /* BUFFER ADDR IN 20 BITS FORM */ 
declare (wrd based buff_addr)(2) word; 

channel-channel and 1; /* GET LEAST SIGNIFICANT BIT */ 

if Channel-0 then /• EXECUTE COMMAND ON CHANNEL 1 */ 

do; 

output (dina_f Iff) - 0; /• CLEAR FIRST/LAST FLIP-FLOP */ 

if direction-0 

then output (dina_inode)-dina_rx_inode_l; /* DIRECTION BIT, TELLS */ 
else output (dina_mode)-dina_tx_inode_l: /* TRANSMIT OR RECEIVE */ 

output (dma_addr_l) - low (wrd(O)) 



output (dxna_addr_l) - high(wrd(0)) 
output (dina_addrh_l) - low (wrd(l)) 



/« LOAD LSB ADDRESS BYTE 
/• LOAD MSB ADDRESS BYTE */ 
/• LOAD PAGE REGISTER »/ 



output (dina_bo_l) - low (buff_len); /* LOAD LSB BYTE COUNT */ 
output (dxna_bc_l) - high(buf f_len) ; /* LOAD MSB BYTE COUNT */ 

output (dina_inask) - dina_on_l; /* START CHANNEL 1 */ 

end; 

else do; /• SAME, AS BEFORE FOR CHANNEL 3 

output (dina_f Iff) - 0; 
if direction-0 

then output (dina_inode ) -djna_rx_mode_3 ; 
else output (dnia_inode ) -dma_tx_mode_3 ; 
output (dina_addr_3) - low (wrd(O)); 
output (dina_addr_3) - high(wrd(0)) ; 
output (dina_addrh_3) - low (wrd(l)); 
output (dma_bc_3) - low (buff.ien); 
output (dina_bc_3) - high(buf f_len) ; 
output (dina_niask) - dina_on_3; 
end; 

end d]na_load; 
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Figure 60. DMA Routine 
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One peculiarity about this procedure is that in order to 
speed up the DMA step-up, this procedure doesn't get a 
pointer to the buffer, but a pointer to a 20 bit address in 
the 8237 format. The 8088/8086 architecture define 
pointers as 32 bits segroffset entities, where seg and off- 
set are 16 bit operands. By the other hand the IBM/PC 
uses an 8237A and a page register, requiring a memory 
address to be a 20 bit entity. The process of converting 
a segroffset pointer to a 20 bit address is time 



consuming and could negatively affect the performance 
of the 82588 driver software. The decision was to make 
the pointer/address conversions during initialization, 
considering that the buffers are static in memory (es- 
sentially removing this calculation from the real time 
response loops). 

Figure 61 is a listing of the DMA LOAD procedure 

for the 80188 or 80188 on-chip DMA controller. It has 
the same caller interface as the 8237A based one. 



dma__load : proc edur e ( channe 1 .direct ion, t rans__l en , buf f__addr ) reentrant ; 

/* To load and start the 80186 WiA. controller for the desired operation ♦/ 

declare dma_rx_jnode literally '1010001001000000b'; /* rx channel */ 
/* src = IO, dest=«M( inc) , sync = src, TC, noint, priority, byte */ 

declare dma_tx_mode literally '000011010000000b'; /* tx channel */ 
/* src=M(inc), dest«IO, sync»dest, TC, noint, noprior, byte */ 



declare channel byte; /* channel # »/ 

declare direction byte; /* 0 » rx, 588 -> mem; 1 - tx, mem -> 588 */ 

declare trans_len word; /* byte count */ 

declare buff_addr pointer; /» buffer pointer in 20 bit addr. form */ 

declare (wrd based buf f_addr ) ( 2 ) word; 

do case channel and 00000001b; 
do case direction and 00000001b; 

do; /* channel 0, 588 to memory */ 

output (dma_0_dpl ) «wrd(0); 

output (dma_0__dph) -wrdCl); 

output(dma_0_spl) « ch__a_538; 

output (dma_0_sph) « 0; 

output (dma_0__tc) = trans^len; 

output (dma_0__cw) » dma_rx^ode or 0006h; /* Start EMA. chl 0 */ 
end ; 

do; /* channel 0, memory to 588 */ 

output (dma_0_dpl ) « ch_a_588; 

output (dma_jO_dph) « 0; 

output (dma_0_s pi ) »wrd(0); 

output (dma_0_sph) «wrd(l); 

output (dma_0_tc) = trans_len; 

output (dma_0_cw) - dma_tx_mode or 0006h; /* Start UAk chl 0 */ 
end ; 
end ; 



Figure 61. 80186 DMA Routines 
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do case direction and 00000001b; 

I /* channel 1, 588 to memory */ 

output (dma__l_dpl ) «wrd(0); 

output (dma_l_dph) »wrd(l); 

output (dma_l_s pi ) - clL_b_588; 

output (dma_l_sph) » 0; 

output (dma_l_tc) - trans__len; 

output (dma_l__cw) - dma_r3Ljnodc or OOO6I1; /* Start EMA chl 1 */ 
end ; 

f^o; /* channel 1, memory to 588 */ 

output(dma__l_dpl) - ch_b__588; 

output (dma_l_dph) - 0; 

output (dma_l__spl) -wrd(O); 

output (dma__l__sph) -wrd(l); 

output(dma__l__tc) - trans_len; 

output (dma_l_cw) = dma_tUQode or 0006h; /* Start EMA chl 1 */ 
end ; ' 
end ; 



end dma__load; 
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Figure 61. 80186 DMA Routines (Continued) 



7.5 Interrupt Routine 

The interrupt service routine, *intr 588', shown in 

Figure 62, is invoked whenever the 82588 interrupts. 
The main difficulty in designing this interrupt routine 
was to speed its performance. Fast status processing 
was a basic requirement to be able to handle back to 
back frames. 



The interrupt handler will read 82588 status, and put 
them into a 64 byte long EVENT__FIFO. Those 
statuses are going to be used in the main loop for updat- 
ing screen counters. All the statistics are updated as fast 
as possible in the interrupt handler to fulfill the back- 
to-back frame processing requirement. 

The interrupt handler is not reentrant, interrupts are 
disabled at the beginning and reenabled on exit. 
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Interrupt service routine 




intr_588 : procedure interrupt 13; 




declare stat byte, 
event byte , 
i byte, 
(st0,stl,6t2,st3) byte, 
rx_stO byte , 
rx_stl byte; 




/* FOLLOWING LITERALS HAVE THE PURPOSE OP ENABLE ACTING 

ON EITHER CHANNEL 1 OR 3 SELECTIVELY */ 




declare 




stop_cnid_dina literally 'if cind_o]iannel 

then output (dma_inaslc)-dina_off_3; 
else output(dina_inask)-dma_off_l ' , 
stop_rx_dinai literally 'if rx_channel 

then output (dma_jnask)-dina_off_3; 
else output(dina_inask)-dina_off_l' , 




issue_rtx_cind literally 'if cind_channel 

then output (cs_588)-lCh; 
else output ( cs_588 ) -Ooh ' , 
iesue_tx_oind literally 'if oind_cnannel 

then output (os_588)-'14h; 
else output (os_B88)-04h' ; 




disable; /* DISABLE INTERRUPTS 

/• NO INTERR. NESTING 
output (CS_588) -Ofh; /* RLS 588 PTR, START 0 


*/ 
*/ 
•/ 


event_fifo(wr_ptr).st0,st0-input(cs_588); /» READ 82588 STATUS 
event_fifo(wr_ptr).stl.stl-input(os_588); /* REGISTERS, PASSING 
event_fifo(wr_ptr) . St2, st2-input(cs_588) ; /* THEM TO THE MAIN 
event_fifo(wr_ptr).st3,st3-input(os_588); /* PROGRAM ON THE FIFO 


*/ 
*/ 
*/ 
*/ 


wr_ptr-(wr_ptr+l) and Ofh; /♦ INCREMENT FIFO 
fifocnt-(fifocnt+l) and Ofh; /* COUNTERS 


*/ 
*/ 


event -St 0 and Ofh; /» GET EVENT- FIELD 


*/ 


output (cs_588)-80h; /* ACKNOWLEDGE 82588 

/* INTERRUPT 


*/ 

*/ 231422-71 


do case event; 




ev_00: ; /* NOP COMMAND */ 
ev_01: stop_cmd_<^a; /* IA_SETUP, STOP DMA */ 
ev_02: stop_cnid_dma; /* CONFIGURE, STOP DMA */ 
ev_03: stop_Olftd_dina; /* MULTICAST, STOP DMA */ 
ev_04: do; /* TRANSMIT DONE */ 
stop_cmd_dma; 




/* CHECK IF THERE WAS A COLLISION AND IS NOT THE 

MAX COLLISION */ 




stat-(st2 and lOOOOOOOb) or (stl and OOlOOOOOb); 
if (stat-80h) 

then do; /* RETRANSMIT */ 

call dma_load(cind_channel,tx_dir, 1536,©tx_dina_addr) ; 
issue_rtx_cind; 

/* UPDATE STATISTICS */ 

t ot al_t x_count -t ot al_tx_count + 1 ; 

C0ll_cnt(17) - C0ll_cnt(17) + 1; /*TOTAL COLL*/ 

bad_tx_count - bad_tx_count + 1; 

end: 

else do; 

if in_100p /* EXECUTING TRANSMISSIONS IN LOOP */ 
then do; /* RE ISSUE TRANSMIT COMMAND */ 

call dina_load( cnid_channel , tx_dir , 1536 , ®tx_dma_addr 
issue_tx_cind; 

t ot al_t x_count -tot al_t x_count + 1 ; 
end; 

if (St2 and OOlOOOOOb) - 0 /* BAD TRANSMIT*/ 
then do; 

bad_tx_count ■= bad_tx_count + 1; 

/* INCREMENT UNDBRRUN COUNTER */ 

tmp-scrCtmp : -st2 , l) ; 

tx_under-tx_under plus 0; 

/* INCREMENT LOST CTS COUNTER */ 
tmp-scrCtmp, 1) ; 
lost_cts-lost_ots plus 0; 

/* INCREMENT LOST CRS COtJNTER */ 
tmp-scr(tmp, 1) ; 
lost_crs-lost_crs plus 0; 

if (stat-OAOh) /* INC COLLISIONS COUNTER •/ 
then ooll_ont(17) - coll_cnt(17) + 1; 

end; 

end; 


/* INCREMENT DEFER COUNTER */ 
tmp-scK (tmp : -stl) , 1) ; 
tx_defer-tx_defer plus 0; 

end; 
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Figure 62. Interrupt Routine 
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ev_OB: stop_oiiid_dmai 
ev_Oe: Btop_oind_dina 
ev_07: stop_oind_dmai 
ev_08 : / » 

do; 

stop rx_diBa; 

i-(ourrentj3uff+l) and 00000111b; 
if enable.rov< >0 
then do; 



/• TDR COMHAND. STOP DMA */ 

/* DUMP COMMAin). STOP DMA •/ 

/* DIAGNOSE CMD. STOP DMA V 

/• RECEIVED FRAME •/ 



/• IMC BUFFER MO. MOD 8*/ 
/• IF RECEIVER IS OK •/ 
/• PREPARE NEXT BUFFER •/ 
call d]na_load(rz_ohazmel,rx_dir. 1832,«rx_dna_addr(i)) ; 
if rx.ohannel then output (os.688)" 18h; 
else output Cos_B88)-08n: 
rz_buf fer(i) . obaln_ont-0 ; 
end; 

else call rov.disable: /* DISABLE RECEIVER */ 

/* FIND ADDRESS OF END OF CURRENTLY RECEIVED BUFFER */ 

/* BY CALCULATING IT WITH THE 82688 BYTE COUNT REGS. */ 

rx_buff_off-(shl(double(eta),8) or double(stl)); 

/* READ STATUS BYTES FROM MEMORY •/ 

rx_stO-rx_buffer(ourrent J>uf f ) .buf f (rx_buf f_of f-2) ; 

rx_stl-rx^buf ferCourrent J5uf f ) .buf f (rx_buf f_off-l) ; 

/• UPDATE ACTUAL BUFFER SIZE V 

rx_buf fer(ourrent_buf f ) . aotual_siae-rx_buf f_of f ; 

rxJwif fer(ourrent_buf f ) . stO-rx_stO; 

rx_buf fer(ourreat_buf f ) . stl-rx_stl ; 

ourrent_buf f -i ; 

/• UPDATE TOTAL RECEIVED BUFFERS •/ 
total_pov_oount-total_rov_oount+l ; 

/• UPDATE STATISTICS •/ 
if (rx_stl and 00100000b)-0 
then do; 

bad_rov_oount-bad_rov_oount+l ; 

/* INCREMENT NO END OF FRAME COUNTER */ 
tap-sor (txnp : -rx_stO , 7) ; 
no_eof-no_eof plus 0; 

/» INCREMENT SHORT FRAME COUNTER */ 

tinp-sor(tnp,l); 

srt_fra-srt_friB plus 0; 

/• INCREMENT RZ OVERRUN COUNTER •/ 
tnp-sor(tap : -rx_st 1 , 1) ; 
rx_over-rx_over plus 0;-- 

/* INCREMENT ALIGNMENT ERROR COUNTER •/ 
tap-sor (tap, 2); 
al|_err-alg_err plus 0; 

/» INCREMENT CRC ERROR COUNTER »/ 

tap-Bor(tmp,l); 

oro_err-oro_err plus 0; 

end; 

end; 
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ev_09 
ev_lO 
ev_ll 
ev_l2 



ev_l3: 
ev_14: 
ev_l5: 
end; 



/• EV_09 REQUESTS ASSIGNMENT OP A NEW BUFFER */ 
call allooate_new_buffer(not(rol(6t3,l)) and OOOOOOOlb); 
Btop_rx_daa; /* RECEIVE DISABLE •/ 

stop_rx_daa; /• STOP RECEIVE •/ 
do; /• RE-TRANSMIT DONE ♦/ 

stat-(st2 and lOOOOOOOb) or (stl and OOlOOOOOb); 
if (6tat-80h) 

then do; /* RETRANSMIT */ 

call daa_load( 1 , tx_dir , 1 536 . ©tx_daa_addr ) ; 
i8sue_rtx_oad ; 

ooll_ont(17) - ooll_cnt(17) + 1; 
total_tx_oount-total_tx_oount+l ; 
bad_tx_oo\int-bad_tx_oount +1; 
end; 
else do; 

if in_loop 

then do; /• LOOP RETRANSMISSIONS */ 

oall daa_load(oad_ohaimel . tx_dir . 1536 ,Otx_daa_a 
issue_tx_omd; 

total_tx_oount-total_tx_oount+l ; 
end; 

if (stat-OAOh) /• MAX COLLISION */ 
then do; 

ooll_ont(ie) - ooll„ont(16)+l; 
ooll_ont(17) - ooll_ont(17)+l; 
bad_tx_count-bad_tx_oount +1 ; 
end; 

/* UPDATE SPECIFIC COLLISION COUNTER •/ 
else ooll_ont(stl and Ofh) 

- ooll_cnt(stl and Ofh) + 1; 

end; 

end; 

Stop_OBd_dma; /• EXECUTION ABORTED */ 



stop_oad_daa; 



/* DIAGNOSE FAILED 



/* ACKNOWLEDGE 8259A INTERRUPT 

output (pio_OOW2)- seoi_picO; /• SPECIFIC EOI FOR 8289 
end int7-688; 
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Figure 62. Interrupt Routine (Continued) 
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APPENDIX A 
STARLAN SIGNALS 
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Eye Diagram (5 Bits), DIW Cable 

Mancliester Encoded Signal 
Transmission Distance = 0.8 Kft. 




TIME (;*SEC) 
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Figure 64. Received Signai Eye Diagram 
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APPENDIX B 
802.3 1 BASES MULTI-POINT EXTENSION (MPE) 



As previously stated, one of the most important advan- 
tages of StarLAN is being able to work on already in- 
stalled phone wires. This advantage is considerably di- 
minished in Europe where numerous constraints exist 
to the using of those wires: 

1. Wire belongs to local PTTs. 

2. Not enough spare wires. 

This same issue is raised when talking about small busi- 
nesses where in a lot of cases no wiring closets and/or 
spare wires are available. 

In summary, in a lot of cases rewiring will be necessary, 
in which case the STAR topology may not be the most 
economical one. 



Recently the StarLAN 802.3 1BASE5 task force has 
been considering the extension of the StarLAN base 
topology. This extension called MULTI POINT EX- 
TENSION (MPE) is going to be developed to address 
the previously described marketing requirements. 

Currently no agreement has been reached by the 
StarLAN task force on the MPE exact topology and 
implementation. Multiple approaches have been pre- 
sented, but no consensus met. It was decided though 
that the MPE is going to be an addendum to the STAR 
topology, and that its final specification will happen 
after the approval of the current 1 BASES STAR topol- 
ogy (July 1986). 
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APPENDIX C 
SINGLE DMA CHANNEL INTERFACE 



In a typical system, the 82588 needs 2 DMA channels 
to operate in a manner that no received frames are lost 
as discussed in section S. 1.3. If an existing system has 
only one DMA channel available, it is still possible to 
operate the 82588 in a way that no frames are lost. This 
method is recommended only in situations where a sec- 
ond DMA channel is impossible to get. 

Figure 66 shows how the 82588 DMA logic is inter- 
faced to one channel of a DMA controller. Two DRQ 
lines are ORed and go to the DMA controller DRQ 
line and the DACK line from the DMA controller is 
connected to DACKO and DACKl of the 82588. The 
82588 is configured for multiple buffer reception 
(chaining), although the entire frame is received in a 
single buffer. Let us assume that channel CH-0 is used 
as the first channel for reception. After the ENAble 
RECeive command, CH-0 is dedicated to reception. As 
long as no frame is received, the other channel, CH-1, 
can be used for executing any commands Uke transmit, 
multicast address, dump, etc., by programming the 
DMA channel for the execution command. The status 
register should be checked for any ongoing reception, 
to avoid issuing an execution command when reception 
is active. 



DRQO 
DRQ1 

DACKO 
DACKl 




DRQn 
DACRn 


=D — 





82588 DMA 

CONTROLLER 
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Figure 66. 82588 Using One DIUiA Channei 

If a frame is received, an interrupt for additional buffer 
occurs immediately after an address match is estab- 



lished, as shown in Figure 67. After this, the received 
bytes start filling up the on-chip FIFO. The 82588 acti- 
vates the DRQ Hne after 15-— FIFO LIMIT + 3 bytes 
are ready for transfer in the FIFO (about 80 microsec- 
onds after the interrupt). The CPU should react to the 
interrupt within 80 juis and disable the DMA controller. 
It should also issue an ASSIGN ALTERNATE BUFF- 
ER command with INTACK to abort any execution 
command that may be active. The FIFO fills up in 
about 160 jms after interrupt. To prevent an underrun, 
the CPU must reprogram the DMA controller for 
frame reception and re-enable the DMA controller 
within 160 jms after the interrupt (time to receive about 
21 bytes). No buffer switching actually takes place, al- 
though the 82588 generates request for alternate buffer 
every time it has no additional buffer. The CPU must 
respond to these interrupts with an ASSIGN ALTER- 
NATE BUFFER command with INTACK. To keep 
the CPU overhead to a minimum, the buffer size must 
be configured to the maximum value of 1 kbyte. 

If a frame transmission starts deferring due to the re- 
ception occurring just prior to an issued transmit com- 
mand, the transmission can start once the link is free 
after reception. A maximum of 19 bytes are transmitted 
(stored in the FIFO and internal registers) followed by 
a jam pattern and then an execution aborted interrupt 
occurs. The aborted frame can be transmitted again. 

If the transmit command is issued and the 82588 starts 
transmitting just prior to receiving a frame then trans- 
mit wins over receive — ^but this will obviously lead to a 
collision. 

Note that the interrupt for additional buffer is used to 
abort an ongoing execution command and to program 
the DMA channel for reception just when a frame is 
received. This scheme imposes real time interrupt han- 
dling requirements on the CPU and is recommended 
only when a second DMA channel is not available. 
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REQUEST 
ALT BUFF 
INTERRUPT 



ASSIGN 
ALT BUFF 
WITH INTACK 



82588 
INT' 
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DRQ ' 
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FIFO FULL 
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ADDRESS MATCH DMA CONTROLLER DMA CONTROLLER 

ON FRAME MUST BE DISABLED MUST BE PROGRAMMED 

RECEPTION PRIOR TO THIS FOR RECEPTION AND 

ENABLED PRIOR TO THIS 
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Figure 67. Timing at the Beginning of Frame Reception for Singie DIVIA Channei Operation 
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APPENDIX D 
MEASURING NETWORK DELAYS WITH THE 82588 



Knowing networks round-trip delays in local area net- 
works is an important capability. The round-trip delay 
very much defines the slot time parameter which by 
itself has a direct relationship to network efficiency and 
throughput. Very often the slot-time parameter is not 
flexible, due to standards requirements. Whenever it is 
flexible, optimization of this number may lead to signif- 
icant improvement in network performance. 

Another possible usage of the network delay knowledge 
is in balancing the inter-frame -spacing (IFS) on broad- 
band networks. On those networks, stations nearer to 
the HEAD-END hear themselves faster than farther 
ones. Effectively having a shorter IFS than stations far 
from the HEAD-END. This difference causes an inba- 
lance in network access time for different stations at 
different distances from the HEAD-END. Knowing 
the STATION/HEAD-END delay allows the user to 
reprogram the 82588 IFS accordingly, and by that bal- 
ance the effective IFS for all the stations. 



The 82588 has an internal mechanism that allows the 
user to measure this delay in BIT-TIME units. The 
method is based on the fact that the 82588 when conflg- 
ured for internal collision detection, requires that the 
carrier sense be active within half a slot-time after 
transmission has started. If this requirement is not ful- 
flUed the 82588 notifies that a collision has occurred. 
Thus it is possible to configure the 82588 to different 
slot time values, then transmit a long frame (of at least 
half a slot-time). If the transmission succeeds, the net- 
work round-trip delay is less than half the programmed 
slot-time. If a collision is reported, the delay is longer. 
The value of the round-trip delay can be found by re- 
peating this experiment process while scanning the slot- 
time configuration parameter value and searching the 
threshold. A binary search algorithm is used for that 
purpose. First the slot-time is configured for the maxi- 
mum (2048 bits) and according if there was a collision 
or not, the number changed for the next try. (See Fig- 
ure 68) 
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PROPAGATION DELAY 
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• SCHEME IS BASED ON THE FACT THAT THE 82588 EXPECTS RX CARRIER 
TO BE ACTIVE AFTER 1/2 SLOT TIME 



LOW = 0 
HIGH = 2048 



SLOT_TIME = (HIGH + LOW) / 2 
CONFIGURE 82588 
TRANSMIT FRAME 



LOW = SLOT_TIME 




HIGH = SLOT_TIME 



^ HIGH-LOW <K^ K = APPROXIMATION FACTOR 
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Figure 68. Network Delay Measurement using the 82588 
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1.0 INTRODUCTION 

During the past several years office networking has be- 
come an increasingly efficient method of resource shar- 
ing for companies looking to increase productivity 
while reducing cost. Networking allows multiuser ac- 
cess to a data base of files or programs via a network 
file server; it allows sharing of expensive peripherals; 
e.g., laser printers; and it offers a greater degree of data 
security by centralizing the hard disk and backup facili- 
ties. This type of network allows a user to concentrate 
his resources; e.g., a high-capacity, high-performance 
hard disk, at the network file server, allowing the other 
nodes, or PC workstations, on the network to function 
with limited or no mass data storage capability. 

As Local Area Networks (LANs) have become more 
common in the office and in industry, some clear mar- 
ket development trends have emerged. Possibly the 
most significant development in the LAN marketplace 
is the concern for cost reduction. This need is driven by 
intense competition between network vendors for mar- 
ket share. Today's LAN marketplace requires low-cost, 
simple network solutions that do not sacrifice perform- 
ance. Another significant development in the LAN 
marketplace is the acceptance of Ethernet, or a deriva- 
tive (e.g., Cheapernet or Twisted Pair Ethernet), as the 
industry standard for high-performance LANs. Be- 
cause of Ethernet's popularity, there is a great need for 
cost reduction in this market. 

Personal computers (PCs) have also seen significant 
changes over the past several years. PCs have become 
firmly entrenched in the office. Their popularity, cou- 
pled with a highly competitive market, has compelled 
PC vendors to both reduce costs for their LAN solu- 
tions and to attempt to distinguish their product from 
the competition's. The means of this cost reduction 
range from eliminating expensive hardware, such as 
disk drives and their associated hardware, to using 
highly integrated VLSI devices that implement the 
functions of a PC in a combination chip set containing 
several devices. Differentiation has been achieved by 
integrating peripheral functions, normally contained on 
an external adapter card, into the main processor 
board, or motherboard, of the PC. Video Graphics Ar- 
ray (VGA) and LAN connections are examples of this 
strategy. 

The Intel 82592 LAN controller is uniquely suited for 
integration into a PC AT style motherboard. It meets 
the demands of today's market by providing the PC 
vendor (1) a means of reducing cost while maintaining 
high performance, and (2) a path for differentiation. An 
82592 integrated into a PC motherboard provides a 
very low cost and very simple implementation because 
it uses the host system's existing resources to complete 



the LAN solution; e.g., system memory and DMA. 
This leaves the 82592, the serial interface, and some 
control logic as the only components required to com- 
plete a motherboard LAN solution. 



1.1 Objective 

This Application Note presents the general concept of 
integrating a Local Area Networking into a PC moth- 
erboard, and how the 82592 suits this purpose. The 
design of the 82592 Embedded LAN Module, which 
plugs into an Intel SYP301 motherboard (or any stan- 
dard PC AT style motherboard), is explained in de- 
tail — providing a demonstration of an integrated Ether- 
net LAN solution. 
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2.0 THE EVOLUTION OF LAN 
SOLUTION ARCHITECTURES 

LAN solutions have undergone an evolution in archi- 
tecture — ^from expensive and complex to more cost-effi- 
cient and streamlined. A definite trend in office net- 
working can be seen, as these solutions permit the host 
system to perform functions that were previously in- 
cluded in the LAN solution. 

The first LAN solutions were usually intelligent buff- 
ered adapter cards, with a CPU, large memory require- 
ments (up to 512 kB), firmware, a LAN controller, and 
a serial interface. As networking became more preva- 
lent in the office environment — linking PCs and work- 
stations via Ethernet — this complex architecture 
evolved into simpler and more streamlined nonintelli- 
gent, buffered adapters. In this architecture the CPU is 
no longer part of the LAN solution; its processing pow- 
er is supplied by the host system. This architecture does 
not need memory to support a local CPU. Memory is 
only needed to supply a buffer space to store data be- 
fore moving it to system memory or onto the serial link. 
The memory requirement for nonintelligent, buffered 
architectures is typically 8 kBytes to 32 kBytes. The 
firmware to boot the CPU is also no longer needed. The 
evolution to a noninteUigent, buffered architecture has 
resulted in significant cost savings and reduced com- 
plexity. 
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Significant increases in speed and processing power 
have been made to PCs during the past several years. 
This trend to higher performance host systems has al- 
lowed further streamlining of the LAN solution's archi- 
tecture, resulting in even greater cost reduction and 
simplification. This is accomplished by using host sys- 
tem resources whenever possible. A nonintelligent, non- 
buffered architecture is the result. In this architecture, 
the host system's memory and DMA are used by the 
LAN controller. The complexity associated with buff- 
ered LAN solutions (e.g., supplying a dual-port arbitra- 



tion scheme for local memory access by both the CPU 
and the LAN controller) is reduced; this complexity is 
removed from the LAN solution and returned to the 
host system, which is designed for these complex tasks. 
The result of this architectural optimization is a very 
simple, low component count, cost-efficient solution for 
a LAN connection. The 82592 Embedded LAN Mod- 
ule is the realization of this optimization. The trend to 
optimization of LAN architectures is shown in Figure 
1. 
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Figure 1. Architectural Optimization of LAN Solutions 
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3.0 THE 82592 LAN CONTROLLER 



3.1 General Features 

The 82592 is a second generation, CMOS, advanced 
CSMA/CD LAN controller with a 16-bit data path. 
Along with its 8-bit version, the 82590, it is the follow- 
on design to the 82588 LAN controller. The 82592 is 
upwards software compatible from the 82588. The 
82592 has two modes of serial operation, High Speed 
Mode and High Integration Mode. In High Speed 
Mode (up to 20 Mb/s) the 82592 couples with the Intel 
82C501 to provide an all CMOS kit for IEEE 802.3 
Ethernet applications. In this mode the 82592 can also 
serve as the controller for Twisted Pair Ethernet (TPE) 
applications. In High Integration Mode (up to 4 Mb/s) 
the 82592 performs Manchester and NRZI encoding/ 
decoding, collision detection, transmit clocking, and re- 
ceive clock recovery on chip; in this mode it can serve 
as a controller for StarLAN and other midrange LANs. 

The 82592 provides several features that allow an effi- 
cient system interface to a wide variety of Intel micro- 
processors (e.g., iAPX 188, 186, 286, and 386) and in- 
dustry standard buses (e.g., the IBM PC I/O channel 
or the PS/2TM Micro ChannelTM). To issue a com- 
mand to the 82592 (e.g., TRANSMIT or CONFIG- 
URE) the CPU only needs to set up a block in memory 
that contains the parameters to be transferred to the 
82592, program the DMA controller to point to that 
location and issue the proper opcode to the 82592. The 
82592 and DMA controller perform the functions 
needed to complete the command, with the 82592 inter- 
rupting the CPU when the command is complete. The 
82592 has a high-performance, 16-bit bus interface, op- 
erating at up to 16 MHz. It also implements a special- 
ized hardware handshake with industry standard DMA 
controllers (e.g., the Intel 8237, 82380, and 82370) or 
the Intel 82560. This allows for back-to-back frame re- 
ception, and automatic retransmission on collision — 
without CPU intervention. The 82592 FIFOs (Rx and 
Tx) can have their 64 bytes divided into combinations 
of 32/32, 16/48, 48/16, or 16/16. 

The 82592 features a Deterministic Collision Resolu- 
tion (DCR) mode. When a collision is detected while in 
this mode, all nodes in a deterministic network enter 
into a time-division-multiplexed algorithm where each 
node has its own unique slot in which to transmit. This 
ensures that the collision is resolved within a calculated 
worst-case time. The 82592 also features a number of 
network management and diagnostic capabilities; for 
example, 

• Monitor mode 

• A 24-bit timer 

• Three 16-bit event counters 



• Internal and external loopback 

• Internal register dump 

• A TDR mechanism 

• Internal diagnostics 

For further information on the 82592, please refer to 
the Intel Microcommunications Handbook. 



3.2 Unique Features for Embedded 
LAN Applications 

The 82592 has several unique features that enable im- 
plementing a high-performance embedded LAN solu- 
tion with minimal cost and complexity. 

Peripherals on a motherboard must compete for access 
to the system bus. Because there is no local buffer for 
intermediate buffering of data, data transfers take place 
in real-time over the system bus to the system memory. 
A LAN controller must have a large internal data stor- 
age area to be able to wait for access to the system bus 
while serial data is being received or transmitted. With- 
out sufficient internal data storage, a LAN controller 
cannot take advantage of the cost efficiency and sim- 
phcity of a non-buffered architecture. The 82592 has a 
total of 64 bytes of FIFOs. This expanded FIFO section 
allows the 82592 to tolerate long system bus latencies. 
For example, during a Receive (with the Rx FIFO 
length configured to 48 bytes) the 82592 can tolerate up 
to 38.4 /xs of bus latency — the time from a DMA re- 
quest to reception of a DMA Acknowledge from the 
DMA controller — ^before the possibility of a data over- 
run occurring in a 10 Mb/s Ethernet application. Once 
access to the system bus has been obtained, the 82592's 
high-performance, 16-bit bus interface provides effi- 
cient data transfer over the system bus, thus reducing 
the bus utilization load for a LAN connection on the 
host system. 

The 82592 features a specialized hardware handshake 
with industry standard DMA controllers. This hard- 
ware handshake between the 825 92 an d the DMA con- 
troller (on signal lines DRQ and EOF) relays the status 
of a Receive or Transmit and allows for back-to-back 
frame reception and automatic retransmission on colli- 
sion without CPU intervention. This allows the 82592 
and the DMA controller to perform these time-critical 
operations in real-time without depending on the CPU 
via an interrupt service routine, and without the time 
delays inherent in such routines. For the 82592 Embed- 
ded LAN Module, this hardware handshake is enabled 
by configuring the 82592 to the Tightly Coupled Inter- 
face (TCI) mode. Figure 2 shows details of the 82592's 
TCI signals. 
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Transmit/Receive Status Encoding on DRQ and EOP 



DRQ 


EOP 


Status Information 


0 


Hi-Z 


Idle 


1 


Hi-Z 


DMA Transfer 


0 


0 


Transmission or Reception Terminated OK 


1 


0 


Transmission or Reception Aborted 



DRQO. 
DRQ1 

DACiCO. 
DACK1 



WR.RD 



EOP 



Tightiy Coupled Interface Timings 

j-^' tz 



K-T23--I 



Tine 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 




WRorRDLowtoDRQO 
or DRQ1 Inactive 




45 


ns 


Cl = 50 pF 


tl04 


WRorRDHigh to DRQO 
or DRQ1 Inactive 


2.5 


65 


ns 


Cl = 50 pF 


tl05 


WR or RD Low to EOP Active 




45 


ns 


Open Drain I/O Pin 


tl06 


EOP Float after DACKO 
or DACK1 Inactive 




40 


ns 


Open Drain I/O Pin 



Figure 2. TCI Encoding and Timings 
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These three features (FIFO depth, high-performance 
bus interface, and TCI) allow the 82592 to operate suc- 
cessfully in a high-performance motherboard LAN 
application. The application of these features will be 
discussed further in Section 4. 



4.0 SYP301 INTERFACE 

This section will discuss the details of the interface of 
the 82592 Embedded LAN Module to the Intel 
SYP301. The basic architecture will be presented, dem- 
onstrating that the 82592 Embedded LAN Module is a 
low-cost, low component count Ethernet solution for 
networking office PCs or workstations. 

The Intel SYP301 is compatible with the IBM PC 
ATTM. It features an Intel 80386TM microprocessor, 
running at 16 MHz, as its CPU. Its system bus is com- 
patible with the standard PC AT I/O-channel bus. 



schematics. The module consists of an 82592, two 
20L10 PALs, and two 8-bit LS573 address latches that 
combine to provide a 16-bit address latch. The module 
contains no DMA unit or local memory. 

The 82592 Embedded LAN Module is a simple, low- 
cost, low component count solution because it uses the 
available system resources (DMA and memory) to pro- 
vide for those functions normally added to a LAN solu- 
tion. Removing DMA and local memory from a LAN 
solution reduces cost and complexity. Two host DMA 
channels, one for receive and one for transmit, are 
needed to support the module. The DMA interface 
from the 82592 (t hrough PA L B) i s the standard com- 
bination of DRQ, DACK and EOP. These three signals 
also provide the TCI between the 82592 and the DMA 
controller. The size of the memory buffer needed to 
support the module depends on the specific application 
and the amount of free memory available; the buffer 
size can be specified by the programmer. 



4.1 Basic Architecture 

Figure 3 shows the basic architecture of the 82592 Em- 
bedded LAN Module, and Figure 4 shows the module's 
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Figure 3. 82592 Embedded LAN Module Basic Architecture 
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The two PALs (PAL A and B) provide two major junc- 
tions for the module: (1) address decode (PAL A), and 
(2) interpreting the TCI from the 82592 (PAL B). PAL 
A decodes addresses for CS to the 82592, OE for the 
address latches, and an Enable/Disable of the LAN 
module. PAL B inte rprets the TCI of the 82592. When 
PAL B de tects EOP from the 82592 during reception of 
a frame (EOP indicates the last byte of the receive 
frame) it loads the memory address of the last byte of 



the receive frame (the byte count) into the Address 
Latch at the time it is written into memory. This allows 
back-to-back frame reception without CPU interven- 
tion, and will be covered in detail in Section 4.2 . For 
Auto-Retransmit on collision, PAL B passes the EOP 
signal from the 82592 to the DMA controller, reinitial- 
izing the DMA controller for retransmission. This pro- 
cess will be discussed in more detail in Section 4.3. Both 
sets of PAL equations are listed in Table 1. 



Table 1. PAL Equations 

PAL20L10 MMI— PAL A (Version 1.1) 



AEN A2 RESET NC AO lOWBAR A5 A6 A7 A8 A9 GND lORBAR 501LB Al 59CTS 0E2BAR 
OEIBAR LANRSTBAR NC NC ENLANBAR 592CS0BAR VCC 



IF (VCC) 501LB = 592CTS 



IF (VCC) 592CS0BAR = AEN • A9 • A8 • A7 • A6 • A5 • A2 • Al • AO • ENLANBAR 



IF (VCC) 0E2BAR = AEN • A9 • A8 • A7 • A6 • A5 • A2 • Al • AO • lORBAR • ENLANBAR 
IF (VCC) OEIBAR = • A9 • k8 • A7 • AQ • IE • A2 • II • AO • lORBAR • ENLANBAR 



IF (VCC) LANRSTBAR = AEN • A9 • AS • A7 • A6 • A5 • A2 • Al • AO • lOWBAR • 
ENLANBAR 



IF (VCC) ENLANBAR = LANRST BAR • E NLANBAR + AEN • A9 • AS • A7 • A6 • A5 • A2 • Al 
• AO • lOWBAR 



PAL20L10 l\/liy/ll— PAL B (Version 1.1) 



592DRQ0 RESET DACK7BAR DACK6BAR lORBAR 592DRQ1 592E0PBAR ENLANBAR AEN NC 
lOWBAR GND 592INT NC DRQ6BAR DRQ7 DRQ6 DISDACK IRQIO NC MSEOPBAR LTCW 
592DACKBAR VCC 



IF (VCC) LTCW = lORBAR + 592E0PBAR + DACK7BAR 



IF (ENLANBAR • 592E0PBAR • DACK6BAR) MSEOPBAR = 592E0PBAR • DACK6BAR 



IF (VCC) 592DACKBAR = DACK6BAR • DISDACK • ENLANBAR + DACK7BAR • ENLANBAR 



IF (VCC) DISDACK = lOWRBAR • DISDACK • RE SET + 592DRQ0 • DISDACK • RESET 
+ 592DRQ0 • lOWRBAR • RESET 



IF (VCC) DRQ7 = 592DRQ1 + 592E0PBAR • DACK7BAR 



IF (VCC) DRQ6BAR = 592DRQ0 • RESET + DACK6BAR • DRQ6BAR • RESET 



IF (VCC) DRQ6 = DRQ6BAR 

IF (ENLANBAR) IRQIO = 592INT 
NOTE: 

The suffix BAR added to the above signal names indicates an active low signal. A signal in these equations with a line 
drawn above it indicates this signal is to be in a low state for the equation. 
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4.2 Back-to-Back Frame Reception 

The architecture of the 82592 Embedded LAN Module 
allows it to receive back-to-back frames without CPU 
intervention. It uses a contiguous Receive Frame Area 
(RFA) buffer in host system memory where receive 
frames can be continuously stored. This sequential stor- 
age of receive frames can continue until the buffer space 
is exhausted. The size of the RFA buffer can be speci- 
fied by the programmer. Its size will be programmed as 
the byte count of the Rx DMA channel. The Base Ad- 
dress Register contents of that channel serve as the 
start address of the RFA buffer. The receive frames will 
be stored sequentially in the RFA buffer based on the 
contents of the Current Address Register of the Rx 
DMA channel. The module's architecture, and the 
82592 receive frame memory structure, allows the CPU 
to recover the addresses of each Receive frame in mem- 
ory for processing. The CPU can also reinitialize the 
RFA buffer (by reinitializing the Rx DMA channel) as 
the RFA buffer fills up and its contents are processed. 
Alternatively, configuring the Rx DMA channel to 
Auto-Initialize mode will allow the Rx buffer to auto- 
matically wrap around, back to the beginning of the 
buffer, when its end is reached. This creates a virtual 
"endless" circular buffer. When using this approach, 
care must be taken to avoid writing over unprocessed 
Rx frames — either by the addition of a hardware Stop 
Register, or by guaranteeing that the Rx frames can be 
processed faster than the buffer can wrap around. 

Back-to-back frame reception without CPU interven- 
tion — and eventual recovery of the frames for process- 
ing by the CPU — is based on PAL B's decoding of the 



TCI signals of the 82592 (PAL B loads the address 
latch with the address of the last byte of the received 
frame) and the structure of the received frame trans- 
ferred from the 82592 to memory. Figure 5 shows the 
format of an 82592 receive frame in TCI mode. After 
the information fields are written to memory, the Status 
and byte count of the received frame are appended to 
the frame in memory. These four bytes (two bytes of 
Status and two bytes of byte count) are the last four 
bytes of the receive frame written to memory. The high 
byte of the byte count is the last byte transferred from 
the 82592 to memory. As this l ast by te is transferred to 
memory, the 82592 asserts the H OP signal. When PAL 
B detects the assertion of EOP by the 82592, it loads 
the address of the last byte of the receive frame into the 
Address Latch as this byte is written into memory. This 
action ensures that there will always be a pointer (the 
contents of the Address Latch) to the byte count of the 
last frame stored in the RFA buffer in system memory. 
Based on the value of the byte count, the beginning 
address of the receive frame in memory can be calculat- 
ed; i.e.. Byte Count Address Pointer — Byte Count = 
Beginning of Frame. The byte count of a previous re- 
ceive frame would reside one address location before 
the first byte of the current receive frame. That frame, 
and any additional receive frames that may have pre- 
ceded it, can have their start addresses recovered by the 
same calculation used to recover the last frame re- 
ceived. This process allows frames to be continually 
stored in the RFA buffer without CPU intervention, 
and to be recovered by the CPU for processing. Figure 
6 illustrates the process of back-to-back frame recep- 
tion. 
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*The CRC bytes are transferred to memory only when the device is so configured 

Figure 5. Receive Format for the 82592 in 16-Bit ly/lode (Tightly Coupled Interface Enabled) 
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NOTES: 

The 82692 appends the byte count to the end of each RCV frame. 

PAL 'B' loads the latch with the memory address of the last byte of each RCV frame. 

Based on latch contents and the byte count of each frame, the CPU recovers the RCV frames. 





Figure 6. Back-to-Back Frame Reception 



4.3 Automatic Retransmission on 
Collision 

Automatic retransmission on collision detection is ac- 
complished by the TCI between the 82592 and the host 
8237 DMA controller and requires no CPU interven- 
tion. The transmit channel of the 8237 should be con- 
figured for Auto-Initialize mode. The transmit block 
(data to be transmitted) starts at the location pointed to 
by the Base Address Register of the Tx DMA channel. 
During a Transmit command, the 82592 DMA re- 
quests begin at the start of the transmit block and work 
sequentially through the block (by incrementing the 
contents of the 8237's Current Address Register) until 
the transmission is co mplete . Should a coUision occur, 
the 82592 asserts the EOP signal and DRQ* to the 
8237 (these signals pass through PAL B) causing the 
8237 to auto-initialize back to the beginning of the 
transmit block (the Current Address Register is loaded 
with the value in the Base Address Register). Internal- 



ly, the 82592 generates a Retransmit command and be- 
gins making DMA requests to the 8237, which is now 
pointing to the beginning of the transmit block. The 
82592 also enters into a back-off algorithm (counting to 
a random number to resolve the coUision). When the 
back-off algorithm is complete, and the 82592 regains 
access to the serial Unk, retransmission is attempted. 
The 82592 will repeat this process until the retransmis- 
sion is completed successfully or until the maximum 
allowable number of collisions per Transmit command 
is reached — at that point all retransmit attempts stop. 
No CPU involvement is required to carry out a retrans- 
mission. The process of automatic retransmission is 
shown in Figure 7. 

NOTE: 

*For Auto-Initialization of the 8237, the signal DRQ 
must be asserted to the 8237 along with assertion of 
EOP. With the 82380 and 82370 DMA controllers, 
Auto -Initialization can be triggered by asserting the 
EOP signal alone. 
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CAR Reset to BAR 

(by 8237's Auto-lnitlalize) 

BAR/CAR-^ , 



Transmit 
Buffer in 
System 
Memory 



BAR = Base Address Register 
CAR = Current Address Register 



CAR- 



Transmit 
Buffer in 
System 
Memory 



Transmit 
Buffer in 
System 
Memory 



After Back Off the 82592 
Retransmits from Beginning of 
Transmit Buffer. 
No CPU Intervention is 
Required for Retransmission 



Figure 7. Automatic Retransmission on Collision 



4.4 Target Systems for Integration 

The 82592 Embedded LAN Module is designed to be 
implemented on an Intel SYP301 motherboard; thereby 
demonstrating a low-cost LAN connection for a work- 
station. The SYP301 has an IBM PC AT style bus ar- 
chitecture with a 32-bit Intel 80386 as the main proces- 
sor. The interface between the 82592 LAN Module and 
SY P301 is based on st anda r d inte rface signals 
(DRQ, DACK, EOP, IRQ, lOR, lOW, etc.) so the 
basic architecture of the module can be implemented on 
PC AT based systems. This design has been successful- 
ly tested in PC AT style systems produced by several 
manufacturers. For some PC AT based systems, and 
PS/2 Micro Channel systems, the module's design may 
require some modification. IBM PC and PC XT based 
systems do not have sufficient DMA bandwidth to sup- 
port the non-buffered architecture of this module. 

4.4.1 PC AT BASED DESIGNS 

High-integration chip sets replace a large number of 
discrete VLSI, LSI, and TTL components with several 
integrated VLSI devices that duplicate a large portion 
of the PC's functionality. PC AT compatible systems 
using such chip sets may lack support for the automatic 
retransmission feature of the 82592 LAN Module. This 
is because ma ny ma nufacturers of such chip sets have 
integrated the EOP function but eliminated the EOP 
input. This lack of an EOP input disables auto-initiali- 
zation of the DMA controller for retransmission. In 



this case retransmission can be performed in one of two 
ways. 

• Should a collision occur while transmitting the pre- 
amble, the 82592 (when configured to automatic re- 
transmission mode) will automatically retransmit 
without CPU intervention or auto-initialization of 
the DMA. This is effective for shorter network to- 
pologies where collisions are normally detected ear- 
ly in the frame. 

• Should a coUision occur after the preamble, the 
82592 will interrupt the CPU and the CPU will ini- 
tiate the retransmission. 

For a PC AT style architecture, logic must be imple- 
mented to accommodate DRAM refresh. DRAM re- 
fresh cycles typically occur at 15 jus intervals. In a stan- 
dard PC AT, any DMA user should limit the time of a 
DMA burst to 15 jlis; this is to ensure that the system 
bus is free for the refresh to take place. Any designer 
using burst mode DMA must consider this requirement 
when implementing a design. 

4.4.2 PS/2 MICRO CHANNEL ARCHITECTURE 
DESIGNS 

The IBM PS/2 and other compatibles using the Micro 
Channel architecture have a different host interface to 
the 82592 Embedded LAN Module; however, the basic 
architecture of the module is still applicable. As in the 
SYP301 solution, the TCI between the 82592 and a 
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control PAL loads the address latch with a pointer to 
the last receive frame. Based on the contents of the 
latch and the 82592 receive memory structure, the 
frames are recovered for processing by the CPU. The 
differences between a PC AT architecture and a Micro 
Channel architecture require different control signal 
decoding. The Micro Channel requires a 24-bit address 
latch, as opposed to a 16-bit latch in the 301, and to 
acquire the system DMA it requires different arbitra- 
tion logic to drive a 4-bit arbitration level on the Micro 
Chan nel. The Micro Channel also does not have an 
EOP input; therefore, auto-initiahzation of the Tx 
DMA channel and support of automatic retransmission 
without CPU intervention must be provided by using 
one of the alternative methods recommended in the 
previous section. 

4.4.3 EMBEDDED CONTROL DESIGNS 

The 82592 Embedded LAN Module architecture can 
also be applied to an embedded control application that 
contains some DMA functions. For an embedded appli- 
cation using an 8237, 82380 or 82370 DMA controller, 
the basic architecture of the 82592 Embedded LAN 
Module can be used. For an in terface to DMA devices 
that do not feature the EOP signal as an input (for 
example, DMA units on board a CPU), the alternative 
methods for retransmission given earlier can be used. 



5.0 SERIAL INTERFACE MODULE 

The serial interface for the Intel SYP301 82592 Embed- 
ded LAN Module is implemented as a separate module. 
Since the 82592 Embedded LAN Module is intended to 
be integrated into a system motherboard, implementing 
the serial interface as a separate module — ^perhaps as a 
very small PC board that plugs into a socket — allows 
for easy interchangeability between different serial in- 
terface media. This modularity allows the system board 
manufacturer to avoid committing his motherboard to 
only one type of medium, and thus requiring a major 
redesign for each different serial interface. 

Modularity in the data communications field is encour- 
aged by the Open Systems Interconnect (OSI) reference 
model. The 82592 is designed to operate through the 
lower half of the Data Link Layer (see Figure 8), imple- 
menting CSMA/CD Medium Access Control and in- 
terfacing directly with the Physical layer below it. By 
interfacing the 82592's standard CSMA/CD int erface 
signa ls to a serial module (TxD, RxD, TxC, RxC, 
CDT, CRS, and others) different Physical Link mod- 
ules can be implemented without any change to soft- 
ware. Examples of serial interface modules that could 
be interchanged by simply plugging a new module into 
the motherboard are Ethemet/Cheapemet, Twisted 
Pair Ethernet (TPE), StarLAN, Broadband Ethernet, 
and many proprietary CSMA serial media. Figure 9 
shows the schematics of an Ethernet module; and Fig- 
ure 10 those of an Ethernet/Cheapemet module. 
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Figure 8. The 82592 Embedded LAN Module Relationship to the OSI Reference IVIodel 
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7.0 SOFTWARE EXAMPLES 

The following examples are from a driver written for an 
82592 Embedded LAN Module operating in an Intel 
SYP301. The driver was written by Joe Dragony, Intel 
Data Communications Technical Marketing Engineer. 
The excerpts will cover (1) declarations of program 
constants and variables, (2) initializing the Embedded 
LAN Module hardware and buffer space, (3) assembly 
and transmission of a frame, and (4) processing re- 
ceived frames. A brief description of each of these pro- 
cesses is followed by excerpts from the code. The driver 
uses the Xerox Internetwork Packet Exchange (IPX) 
protocol and serves as a software interface between the 
82592 Embedded LAN Module hardware and the IPX. 

Exerciser Software for the 82592 Embedded LAN 
Module is also available from Intel. Detailed documen- 
tation for both the exerciser program and the network 
driver are available upon request from Intel. 



7.1 Declarations 

Table 2 shows declarations of program variables and 
equates of program constants. This section is included 
to help the reader understand the following program 
excerpts. 

*NOTE: 

The benchmark program Landmark CPU Speed Test, 
© 1986 by Landmark Software, shows an effective 
throughput of 14.3 MHz for a SYP301 in standard 
mode; and 5.4 MHz in reduced speed mode. 




0 50 100 150 200 250 300 350 
Kilobytes per Second 

290189-11 

NOTES: 

Novell Perform 2 Version 2.3 

File Server: 286A. 8 MHz, Zero-Wait-State with PC586E LAN Adapter 
Node System: SYP301 (One Node on Network) 

Reduced Speed Mode: Equivalent to 5.4 MHz AT 

Standard Mode: Equivalent to 14.3 MHz AT 
301 System DMA: 4 MHz, Four Clocks per Transfer 

Figure 11. 82592 SYP301 Embedded LAN l^lodule vs PC586E Buffered Adapter 
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6.0 PERFORMANCE COMPARISON 

Figure 1 1 compares the performance of the 82592 Em- 
bedded LAN Module with the PC586E noninteUigent, 
buffered adapter. The PC586E is an Intel evaluation 
board based on the Intel 82586 LAN Coprocessor. It 
contains 16 kB of local memory, has a 16-bit bus inter- 
face, and has a high-performance arbitration scheme 
providing both the CPU and the 82586 LAN controller 
zero wait state access to local memory. The PC586 has 
been characterized in the industry as one of the highest 
performance noninteUigent, buffered adapters available. 

A performance comparison, using Novell's Perform 2 
utility, shows that the 82592 Embedded LAN Module, 
operating as a workstation accessing a file server, out- 
performs the PC586E. For all tests the host system was 
an Intel SYP301. The SYP301 was run in both stan- 
dard mode, a nominal 16 MHz*, and in its reduced 
speed mode, 6 MHz. In all cases the SYP301 system 
DMA operates at 4 clocks per cycle at 4 MHz. The file 
server was a Novell 286A, an 8 MHz, zero wait state 
system, using a PC586E as the LAN adapter. The tests 
recorded are for one node on the network (the worksta- 
tion under test). For write tests to the file server's hard 
disk, the performance numbers are generally the same. 
This is due to limitations in accessing the file server's 
hard disk. This slow access causes a bottleneck. For the 
read tests the workstations are accessing files stored in 
cache memory, thus removing the bottleneck for this 
test. Without this Hmitation, the 82592 Embedded 
LAN Module accesses the file server at a higher rate 
than the PC586E: at full speed, 318 kB/s vs 
282,3 kB/s; and at reduced speed, 202.8 kB/s vs 
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Table 2. Declarations 



$%*de£ine(slow} local label ( 

jxcqp short %label 
%label: 
) 

%*de£,ine (fast copy) local label ( 

shr cx, 1 

rep xnovsw 

jnc %label 

movsb 
%label : 
) 

%*define(ihc32 m) ( 

add word ptr %m[0], 1 
adc word ptr %m[2], 0 

) 



nanve 



LANOnMotherboardModule 



CGroup group Code^ moxnbo__init 

assxoxne cs: CGroup, ds: CGroup 

Code segment word public 'CODE' 

public DriverSendPacket 

public DriverBroadcastPacket 

public Driv^rPoll 

p\ablic LANOptionName 

extrn IPXGetECB: NEAR 

extrn IPXReturnECB : NEAR 

extrn IPXReceivePacket : NEAR 

extrn IPXReceivePacketEnabled: NEAR 

extrn IPXHoldEvent : NEAR 

extrn IPXServiceEvents : NEAR 

extrn IPXIntervalMarker : word 

extrn MaxPhysPacketSize : word 

extrn ReadWriteCycles : byte 

extrn IPXStartCriticalSection: NEAR 

extrn IPXEndCriticalSection: NEAR 
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Table 2. Declarations (Continued) 



Equates 



CR 


equ 


ODh 


LF 


equ 


OAh 


BAD 


equ 


OFFh 


BPORT 


equ 


0 


IRQLOC 


equ 


19 


DMA.0LOC 


equ 


23 


DMA.6L0C 


equ 


25 


TransmitHardwareFallure 


equ 


OFFh 


PacketUnDeliverable 


equ 


OFEh 


PacketOverflow 


equ 


OFDh 


ECBProcessing 


equ 


OFAh 


TxTizneOutTicks 


equ 


20 



Latch definitions 
TenCentLo equ 301h 
TenCentHi equ 302h 

Enables for 10 cent 
EnliAN equ 303h 
DisLAN equ 304h 

8259 definitions 



interruptControlPort equ 020h 

InterruptMaskPort equ OAlh 

ExtralnterruptControlPort equ OAOh 

EOI equ 020h 



;for secondary 8259A 



8237 definitions 



DMAcxndstat 


equ 


ODOh 


DMAreq 


equ 


0D2h 


DMAsnglxnsk 


equ 


0D4h 


DMAxnode 


equ 


0D6h 


DMAff 


equ 


0D8h 


DMAtnpclr 


equ 


ODAh 


DMAclrmsk 


equ 


ODCh 


DMAallmsk 


equ 


ODEh 


DMA6page 


equ 


089h 


DMA6addr 


equ 


0C8h 


DMA6wdcount 


equ 


OCAh 


DMA7page 


equ 


08Ah 


DMA7addr 


equ 


OCCh 


DMA7wdcoxant 


equ 


OCEh 


DMAtxg 


equ 


01 Ah 


DMAtx7 


equ 


OlBh 


DMArx6 


equ 


006h 


DMArx7 


equ 


007h 


DMA6insk 


equ 


006h 


DMA6unznsk 


equ 


002h 


DMA7xask 


equ 


007h 


DMA7uninsk 


equ 


003h 


DMAena 


equ 


Oh 



/demand mode^ autoinit, read transfer 
; demand mode, autoinit, read transfer 
/demand mode, no autoinit, write transfer 
/demand mode, no autoinit, write transfer 
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Table 2. Declarations (Continued) 



NetWareType equ 



; 82592 Commands 

C_NOP 
C__SWP1 
C_SELRST 
C SWPO 
C~'lASET 
C~C0NFI6 
C^MCSET 
C~TX 
C_TDR 
C DUMP 
CJ5IAG 
C RXEMB 
C~ALTBUF 
C_RXDISB 
C"STPRX 
C_RETX 
C_ABORT 
C~RST 
C_RLSPTR 
C__PIXPTR 
C INTACK 



equ 


OOh 


equ 


lOh 


equ 




equ 


Olh 


equ 


Olh 


equ 


02h 


equ 


03h 


equ 


04h 


equ 


05h 


equ 


leh 


equ 


07h 


equ 


18h 


equ 


09h 


equ 


lAh 


equ 


IBh 


equ 


OCh 


equ 


ODh 


equ 


OEh 


equ 


OFh 


equ 


IFh 


equ 


8 Oh 



Data Structures 



hardware_structure 


struc 


io__addrl 


dw 


? 


io~rangel 


dw 


0 


io__addr2 


dw 


? 


decode__range2 


dw 


? 


inem__addrl 


dw 


? 


mf^_rangel 


dw 


? 


mem_addr2 


dw 


7 


xnem__range2 


dw 


? 


int^usedl 


db 


? 


int_linel 


db 


? 


int used2 


db 


7 


int__line2 


db 




dma^usedl 


db 


? 


dma^chanl 


db 


? 


dma_used2 


db 


? 


dma__chan2 


db 


? 


hardware__structure 


ends 





ecb_structure struc 

link dd 0 

esr__address dd 0 

injuse db 0 

coxipletion^code db 0 
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Table 2. Declarations (Continued) 



80cket__nx]xnber 


dw 


0 






ipz_work8pac« 


db 


4 


dup 


(0) 


drlverjrorkspactt 


db 


12 


dup 


(0) 


inimadiata__addro8 8 


db 


6 


dup 


(0) 


fragment_couxit 


dw 


1 






£ragmant"d««criptor__li8t 


db 


6 


dup 


(?) 



ttcb atructuxa 



£ragmant_d«8criptor atxuc 

£ragzaant__address dd ? 

fragpnnent^length dw ? 

£raginent_de8criptor ends 



rx bu£ atructure 



struc 



rx__dest__addr 


db 


6 dup 


(?) 


rx__8ource__addr 


db 


€ dup 


(?) 


r at jphys ica l__l«ngth 


dw 


? 




rx__ehecksuia 


dw 


7 




rx__length 


dw 


7 




rx_t ran_cont rol 


db 


? 




rx__hdr_type 


db 


? 




rx_deat__net 


db 


4 dup 


(?) 


rx_d«st_node 


db 


6 dup 


(?) 


rx__deat_80cltat 


dw 


? 




rx__8 our C6__ne t 


db 


4 dup 


(?) 


rx_source_node 


db 


6 dup 


(?) 


rx source socket 


dw 


? 





rx bu£ structure 



L__statu8 


struc 




atatusO 


db 


? 


deadl 


db 


? 


status 1 


db 


? 


dead2 


db 


7 


be lo 


db 


? 


dead3 


db 


? 


bc_hi 


db 


7 


L status 


ends 





ipx_header__st ructure 
checksum 
packet_length 
transport_control 
packet__type 
destination_network 
des t inat lonjnode 
destination__socket 
source__network 
source_node 
source__socket 

ipx__header__8trueture 



struc 








dw 


7 






dw 


? 






db 


7 






db 


7 






db 


4 


dup 


(?) 


db 


6 


dup 


(?) 


dw 


7 






db 


4 


dup 


(?) 


db 


6 


dup 


(?) 


dw 


? 






ends 









Variables 
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Table 2. Declarations (Continued) 



tx_8tart__ti«wi 


dw 


0 


adapter_To 


dw 




con£ig 


dw 


7 


8end_li8t 


dd 


0 


buffer^segment 


dw 




rx__ecb 


dd 


? 


tx^ecb 


dd 


? 


conf igjblock 


db 





; points to li^t of ECBs to be sent 



OFh, OOh, 48h^ 80h, 26h, OOh, 60h, OOh, 0F2h, OOh, OOh, 40h, 0F5h, OOh, 3Fh, 87h, OFOh, ODFh 



tet(^__£lag 


db 


0 


int_siaslc_register 


dw 


7 


old~ir<j_yector 


dd 


? 


int"vector addr 


dw 


? 


intjbit ~ 


db 


? 


int_mask 


db 


7 


cozncnand_reg 


dw 


300h 


read_in_length 


dw 


? 


config_jdniaO__loc 


db 


7 


con£ig3cixaal_loc 


db 


7 


config^irq^^loc 


db 


? 


configjbport 


dw 


? 


tx_^active_flag 


db 


0 


£raxne_,status 


db 


0 


status 10 


db 


0 


statusll 


db 


0 


8tatus20 


db 


0 


3tatu821 


db 


0 



; 82592 port 0 address 



even 



gpjbuf 


dw 


5000 dup (0) ; twice the required size 


gp__length 


dw 


1388h 




gp_buf__offset 


dw 


cgroup : gp__buf 


gp_offset__adjust 


dw 


0 




gpjbuf__start 


dw 


0 


;A1-A16 of General Purpose Buffer EA 


gp__buf jpage 


dw 


0 


;A17--A23 of General Purpose Buffer EA 


tx_byte__cnt 


dw 


0 


;ZPX packet length plus header length 


rxjbuf^start 


dw 


0 


;A1-A16 of General Purpose Buffer EA 


rx__buf jpage 


dw 


0 


/A17-A23 of General Purpose Buffer EA 


rxjbuf__^head 


dw 


0 


/current rx head, buffer has been flushed to 


here *** 








rx_buf__tail 


dw 


0 


; value read from 10 cent latches 


rx__buf jptr 


dw 


0 


/used during rx list generation 


rx_buf____stop 


dw 


0 


/point to reset the DMA controller 


rxj3uf__length 


dw 


0 




rxjDuf^segxnent 


dw 


0 


/calculated at init for use by IPXReceivePacket 


curr rx^length 


dw 


0 




rx^list"" 


dw 


180 dup (0) 


nux»_o£_£ranie8 


dw 


0 




re set_racj3uf 


dw 


0 




padding 


dw 


0 





Define Hardware Configuration 
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Table 2. Declarations (Continued) 


Con£i.QUirftt^i.onID 


db 


NetWareDriverLAN HS ' 






ItABEL 


byte 






db 


4 dup (0) 






db 


6 duD 10) 




ITQ s 6 ]rvdd2 


db 


0 ; non-zero means is a real driver. 




node_addr_typ€t 


db 


0 /address is determined at initialization 




max data aiza 


dw 


1024 /largest read data request will handle 




<512, 1024, 2048, 4096) 








lan_de8c_offset 


dw 


LANOptionName 




Ian hairdwaiTA i.d 


db 


OAAh /Bogus Type Code 






dw 


1 /transport time 




xTGsciirvsd 3 


db 


11 dup (0) 






db 


Olh /Bogus version nximber 




minoiT vQcsion 


db 


OOh 




flagjbits 


db 


0 




select ed__con£igurat ion 


db 


0 /board configuration (interrupts, 10 




addresses , etc . } 








nuniber__of__configs 


db 


01 




conf ig_j>ointers 


dw 


configurationO 




LANOptionName db 


' Intel LAN-On-Motherboard Module' , 0, ' $' 




configurationO dw 


300h, 16, 0, 0 ;I0 ports and ranges 




db 0 








dw 0,0 








db 0 








dw 0,0 




-memory decode 




db OPPh, 10, 0, 0 /interrupt level 10 




db OFFh, 6 


, OFFh 


, 7 /DMA channels 6 and 7 




db 0,0 








db 'IRQ 10 


, 10 Addr = BOOh, DMA 6 and 7, For Evaluation Only', 0 




; ********************************************************* 




Error Counters 








; ******************************************************** 




Public DriverDiagnosticTable, DriverDiagnosticText 




DriverDiagnosticTable 


LABEL 


byte 




DriverDebugCount 


dw 


DriverDebugEnd-DriverDiagnosticTable 




Drive rVers ion 


db 


01,00 




StatisticaVersion 


db 


01,00 




TotalTxPacketCount 


dw 


0,0 




TotalRxPacketCount 


dw 


0,0 




NoECBAvailableCount 


dw 


0 




PacketTxTooBigCount 


dw 


-1 /not used 




PacketTxTooSxnallCount 


dw 


-1 /not used 




PacketRxOverflowCount 


dw 


0 




PacketRxTooBigCount 


dw 


0 




PacketRxTooSmallCount 


dw 


0 




PacketTxMiscErrorCount 


dw 


-1 /not used 




PacketRxMiscErrorCount 


dw 


-1 /not used 




Ret ryTxCount 


dw 


0 




ChecksuinErrorCount 


dw 


-1 /not used 
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Table 2. Declarations (Continued) 



HardwareBxMismatchCount dw 0 

NuinberO£Cu8tomVariables dw (DriverDiagnosticText-DriverDebugEndl) /2 



dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 


dw 


0 



DriverDcibugEndl LABEL byte 



Driver Specific Error counts 



rx__errors 
underruns 
no__cts 
no____cr8 
rx_aborts 
no 590 int 
faTse__590__int 
lost__rx 
stop_tx 

ten_cent__latchj2rash 
rx_disb__£ailure 
tx_abort__failure 
rxJbuff_ov£lw 
txjtimaout 

DriverDiagnosticText LABEL byte 



db ' RxErrorCount ' , 0 

db ' Under runCount ' , 0 

db ' LostCTSCount' , 0 

db ' LostCRSCount ' , 0 

db ' RxAbortCount ' , 0 

db ' No5 90 ZnterruptCount ' / 0 

db ' FalseS 90 Inter ruptCount' , 0 

db ' LostOurReceiverCount' / 0 

db ' QuitTransmittingCount' / 0 

db ' TencentLatchCrashCount ' , 0 

db ' RxDisableFailureCount ' / 0 

db ' Txwont Abort' , 0 

db ' ReceiveBu££erOver£low' , 0 

db ' TxTiineoutErrorCount' , 0 

db 0,0 
DriverDebugEnd LABEL word 
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7.2 Initialization Routine 

This routine. Driver Initialize, initializes the Embedded 
LAN Module hardware and the system hardware need- 
ed to support the module. It also sets up the system 
memory structure to support the module. 

7.2.1 HARDWARE INITIALIZATION AND 82592 
CONFIGURATION 

Initialization of the Embedded LAN Module hardware 
begins with generating an individual address for the sta- 
tion, initializing the interrupt line and interrupt vector, 
and enabling the module by writing to port address 
303h. After initializing the memory structure, the 
82592 is directly programmed. This programming in- 
cludes configuring the 82592 and initializing it with the 
station's individual address. The 82592 is configured in 
two steps. The first specifies a 16-bit-wide system bus 
interface by issuing a Configure command to the 82592, 



with OOh as the byte count; i.e., no parameters passed to 
the device. Then a second Configure command is is- 
sued; it does the following. 

• The 82592 is put in High Speed Mode to support 
Ethernet serial bit rates. 

• It is placed in TCI mode for interface to the Embed- 
ded LAN Module architecture. 

• All network parameters (e.g., Frame Length, Slot 
Time, and Preamble Length) are set up for default 
Ethernet values. 

Following this initialization and configuration of the 
module's hardware, the 8259A Programmable Inter- 
rupt Controller's interrupt line for the module is en- 
abled, allowing the interrupt-driven events frame recep- 
tion and completed transmission. Then a Receive En- 
able command is issued to the 82592. Table 3 contains 
the code for hardware initialization. 



Table 3. Hardware Initialization 



nombo^lnlt 8«gmftnt 'CODE' 

public Drivttrlnltiallztt, DxrivurUttHook 
no_card_iM8sag« db CR,Uf,'lHo adapter installed in PC$' 

config^failurejoaessage db OR/ LF, 'Configuration Failure$' 
iasetjfailurejnassage db CR,JJP,'1K Setup Failure$' 

ConfigDataUnderrunMass db CRrLT, 'Configuration underrun$' 



Driver Initialize 



assuxnes : 

BS, ES are set to CGroup (■* OS) 

Dl points to where to stuff node address 

Interrupts are ENABLED 

The Real Tixm Ticks variable is being set, and the 
entire ASS system is initialized. 

returns : 

If initialization is done OK: 

AX has a 0 
If board malfunction: 

AX gets offset (in CGroup) of '$' -terminated error string 



Driverlnitialize PROC NEAR 

mov MaacPhysPacketSize/ 1024 

cli 

eld 

mov ax, cs 
mov ds, ax 
mov es, ax 
; get DOS time and use for address, 
mov ah, 02Ch 
int 21h 

mov bx, OFFSET CGroup: node^addr 
mov byte ptr cgroup : [bx] , o7h 
mov byte ptr cgroup: [bx+l] , OAAh 
mov byte ptr cgroup: ibx-l-2] , ch 
mov byte ptr cgroup: [bx-f 3] , dl 
mov byte ptr cgroup: ibx+4] , dh 
mov byte ptr cgroup: [bx+5] , 7Eh 
mov si, bx 

xnovsw ; stuff address at point IPX indicated 

movsw 

movstr 

sti 

; initialize the configuration table 
mov al , selected_jconf igurat ion 
cbw 

shl ax,l ; nrultiply by two 

add ax, OFFSET CGROUP : configjpointers ;ax contains the offset value 
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Table 3. Hardware Initialization (Continued) 



mov 


bX/ax ;of the default configuration 




nov 


bx, [bx] /list 




mov 


Config^bx 




xnov 


al, [bx+DMAOLOC] 




mov 


config dmaO loc^al 




mov 


al, [bx*fDMA6lX}C] 




mov 


coz^figjdmal locral 




mov 


air [bxTzRQtOC] 




mov 


config irq_loc/al 




mov 


ax, [bx+BPORT] 




mov 


conmand_regr 30 Oh 




Set TheZnter£upt Vector : 




SET UP THE INTERRUPT VECTORS 




push 


di 




mov 


al, config__irq__loc 




mov 


bx, OFFSET CGroup: DriverlSR 




call 


Set Inter ruptVect or 




pop 


di 




mov 


dx, EnLAN 




out 


dx, al /enable LAN on MB module 




%slow 






mov 


dx, command reg 




mov 


al, C__RST 




out 


dx, al ; reset the 82592 controller 




; generate 


20 bit address for DMA controller from configure block location 




;this Is necessary to accomodate the page register used in the PC DMA 




call 


set_upjbuffers 




;set up DMA channel for configure command 




xor 


ax, ax 




out 


DMAff, al ;data is don't care 




%slow 






mov 


al, DMAena 




out 


DMAcmdstat, al 




mov 


**r gp__buf_start 




%slow 






out 


DMA6addr, al 




mov 


al, ah 




%slow 






out 


DMA6addr, al 




mov 


gp_bufjpage 




%slow 






out 


DMA6page, al ;DMA page value 




xaov 


ax, 1 




%slow 






out 


DMA6wdcount, al /make two transfers 




mov 


al, ah 




%slow 






out 


DMA6wdcount, al 




mov 


al, DMAtx6 /setup channel 6 for tx mode 




%slow 




out 


DMAmode, al 




mov 


al, DMA6unmsk 
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Table 3. Hardware Initialization (Continued) 



%slow 






out 


DMAsnglmsk, al 




xor 


ax, ax 




the 






mov 


di, gpJbu£__o£f8et ;mov seroea into the byte count field o£ the 




8t08W 


; buffer to put the 82592 into 16 bit mode 




8t08W 






%8lOW 






XBOV 


dx, coxnnand reg 




mov' 


al, C__C0NFI6 /configure the 82592 for 16 bit mode 




out 


dx, al ; issue configure command 




%slow 






wide node wait loop: 




xor 


al, al 




%slow 






out 


dx, al /point to register 0 




%slow 






in 


al, dx ;read register 0 




and 


al,ODFh /disregard exec bit 




cxnp 


al, 82h / is configure finished? 




j« 


do_con£ig 




loop 


wide_mode_wait_loop 




mov 


ax, OFFSET CGroup: no_card_message 






init_jexit 




do^config : 






mov 


ax , C_INTACK 




out 


dx, al /dear interrupt 




xor 


ax, ax 




%slow 






out 


DMAff, al /data is don't care 




mov 


**r gpjbuf__atart 




%slow 






out 


DMll6addr, al 




mov 


al, ah 




%8lOW 






out 


DMA6addr, al 




mov 


ax, gp__bufjpage 




%slow 






out 


DMA6page, al /DMA page value 




%slow 






mov 


al, DMiltx6 /setup channel 1 for tx mode 




out 


DMAmode, al 




%8lOW 






mov 


ax, 8 




out 


DMA6wdco\uxt, al 




%8lOW 






mov 


al, ah 




out 


DMA.6wdcount, al 




%8lOW 






mov 


al, DMA6unmsk 




out 


DMAsnglmsk, al 




mov 


ax, ds 




mov 


es, ax 




mov 


si, offset cgroup : conf igjalock 




mov 


di/ gp_buf_offset "" 
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Table 3. Hardware Initialization (Continued) 



XnOV CXr 18 

rep movab 

mov dx, coinniand_reg 

mov al, CjCONPIG 

out dX/ aT 
%slow 

xor cx, cx 



configure the 82592 



al, al 

dx, al 



con£ig_wait__loop : 
%slow "~ 
xor 

%8lOW 

out 

%8lOW 

In 
and 
cxap 
j« 

loop 
mov 
j«5> 



/point to register 0 



;read register 0 
/discard extraneous bits 
is configure finished? 



al, dx 
al, ODFh 
al, 82h 

con£ig_done 
con£ig_jifait_loop 

ax, OFFSET CGroup: config_£ailurejaaessage 
init exit 



conf ig_done : 

/ dear interrupt caused by configuration 
mov al, C__INTACK 
out dx, aT 



/ do an lA, 

mov 

mov 

stosb 

mov 

stosb 

mov 

mov 
rep movsb 

out 
%slow 

mov 

out 

mov 
%slow 

out 

mov 
%slow 

out 
%slow 

mov 

out 
%slow 

mov 

out 
%slow 

mov 

out 
%slow 

mov 

out 



setup 

di, gpJbuf_joffset 

al, 06h /address byte count 

al, OOh 

si, OFFSET CGROUP :node_addr 
cx, SIZE node addr " 



DMAff, al 

ax, gp buf start 
DMA6addr, al 
al, ah 

DMA.6addr, al 

DMA6page, al 

al, DMAtx6 
DMAmode, al 

ax, 3 

DMA6wdcount, al 
al, ah 

DMA6wdcount, al 

al, DMJlCunmsk 
DNAsnglmsk, al 



/data is don't care 



/DMA page value 
/setup channel 1 for tx mode 
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Table 3. Hardware Initialization (Continued) 



xnov 


dx, comnand^reg 




nov 


al, C ZASET~ /set up the 82592 individual address 




out 


dx, al 




xor 


cx, cx /cx is used by the loop instruction below, this 






/causes the loop to be executed 641c times max 




la wait loop: 




xor 


al, al 




out 


dx, al 




%slow 






In 


al, dx 




and 


al, ODFh /discard extraneous bits 




cxap 


al, 81h / is coxnaand finished? 




j« 


ia done 




loop ia__wait_loop 




inov 


ax, OFFSET CGroup: iaset failure message 




jmp 


init_exit " 




ia_don« 






xnov 


al, C_INTACK 




out 


dx, al /dear interrupt from iaset 




/initialize the receive DMA channel 




xor 


al, al 




out 


DMAff, al 




IDOV 


ax, rxjauf__start /set dma up to point to the beginning of rx buf 




%alow 






out 


DMA7addr, al 




mov 


al, ah 




%slow 






out 


DMATaddr, al 




mov 


ax, rx_buf_page /set rx page register 




%slow 






out 


DMA7page , al 




mov 


al, 0MArx7 




%slow 






out 


DMAmode, al 




mov 


ax, rx_Jbuf__length /set wordcount to proper value 




%slow 






out 


DMATwdcount, al 




nov 


al, ah 




%slow 






out 


DMATwdcount, al 




mov 


al, dma7unxnslc /unmaslc receive DMA channel 




%8lOW 






out 


DMAsnglmsk, al 




/unmask 


our interrupt channel 




in 


al, Inter ruptMaskPort 




mov 


bl, OFBh 




and 


al, bl 




%slow 






out 


ZnterruptMaskPort, al 




/enable 


the receiver 




mov 


dx, command_reg /enable receives 




mov 


al, C RXENB 




out 


dx, al 




xor 


ax, ax 
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Table 3. Hardware Initialization (Continued) 



mov en, 1 



init__exit : 
ret 



ConflgDataUnderxun : 

xnov ax, OFFSET CGroup: Conf igDataUnderrwnMess 
jxnp init^exit 

ZASetupDataUnderrun : 

mov ax, OFFSET CGroup: lASetupDataUnderrun 
jnqp Init^exlt 

DriverZnitialize andp 



SetlntarruptVector 

Set the interrupt vector to the interrupt procedure's address 
save the old vector for the unhook procedure 

assvunes: bx has the ISR offset 
al has the IRQ level 
interrupts are disabled 



SetlnterruptVector PROC NEAR 

; mask on the appropriate interrupt mask 

push ax 

xchg ax, cx 

mov dl, 1 

shl dl, cl ;9et the appropriate bit location 

mov int bit, dl ;set the interrupt bit variable 

not dl 

mov intjcnask, dl ;set the interrupt mask variable 

mov ax/^InterruptMaskPort 

mov int_mask_register, ax 

pop ax 

eld 

cbw 

xor cx, cx 

mov es, cx 

add al, 68h ; adding 8 converts int number to int type, i.e., 

/int 4 a type 12, int 5 « type 13 etc. 

shl ax, 1 

shl ax, 1 ;two shifts » mul by 4 to create offset of vector 

xchg ax, di 

mov int__vector___addr, di ;save this address for unhook 

mov ax, es: Cdi] /save old interrupt vector 

mov word ptr old__ir<j_vector, ax 

mov ax, es: [di] + 2 

mov word ptr old_ir<j_yector 2, ax 

xchg ax, bx /bx has the ISR offset 

stosw 

mov ax, cs 



stosw 
ret 

SetlnterruptVector endp 
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7.2.2 INITIALIZING SYSTEM MEMORY 

A buffer is constructed in system memory to support 
the Embedded LAN Module architecture. This buffer 
is divided into a receive buffer area and a transmit/gen- 
eral-purpose buffer area. This buffer (Tx/GP) is used as 
the transmit buffer and as the parameter block for 
82592 commands that require parameters. 

The combined size of the buffer areas requested by the 
program is 10 kB. The Tx/GP buffer should be at least 
1200 bytes long. The Rx buffer should be at least 5 kB 
long. The amount of memory requested is twice the size 
of the minimum Rx buffer length because of the possi- 
bility of a DMA page break occurring at some point in 
the 10 kB buffer area. A page break can occur because 
the SYP301 (or any PC AT based architecture) uses a 
static page register to supply the upper address bits 
(A17-A23 for a 16-bit DMA channel) during a DMA 
cycle. These upper bits of the address cannot be incre- 
mented. The software checks for a page break and ad- 
justs the buffer size if one is found. There are three 
possible page break scenarios. 



• No page break occurs. The buffer size is not adjust- 
ed, the Tx/GP buffer area will be in the first 1200 
bytes of the 10 kB buffer, and the Rx area will use 
the remainder. 

• A page break occurs, and the buffer is divided so 
that one fragment is smaller than 1200 bytes. This 
fragment is too small to be used and both the 
Tx/GP and Rx areas will be placed in the larger 
segment. 

• A page break occurs that divides the 10 kB buffer 
into two segments both larger than 1200 bytes. The 
software then places the Tx/GP area in the smaller 
segment, and the Rx area in the larger. 

These three scenarios are shown in Figure 12. In no 
case is the Rx area less than 5 kB — half the total buffer 
size. Once these calculations are made, the transmit 
and receive DMA channels, along with their page regis- 
ters, are programmed to point to their respective areas 
in the buffer (Tx/GP and Rx). With the memory now 
initiaUzed, configuration and initialization of the 82592 
can begin. 



Buffer 
Start 



gp_buf_start 



Transmit and 
General Purpose 
Buffer Space. 
1200 Bytes 



Receive Buffer = 
Total Buffer Space 
- 1200 Bytes 



Buffer 
Start 



DMA 
boundary 



Buffer 
Start 



rx_buf_stop 
(1200 bytes 
from end) 

Buffer 
End 

No DMA boundary in the buffer space. 
Tx/GP buffer is located in the first 1200 
bytes. Rx buffer occupies the balance of the 



Unusable Portion 
(Less than 
1200 Bytes) 



B 

Transmit and 
General Purpose 
Buffer Space. 
1200 Bytes > 



Receive Buffer = 
Total Buffer Space 
- A + B 



gp_buf_start 



rx_buf_start 



DMA 
boundary 



rx buf stop 

(1200 bytes 
from end) 



Buffer 
End 

DMA boundary exists in the buffer space, 
dnd the first fragment is to small to use (less 
than 1200 bytes). The buffer start point is ad- 
justed by adding the length of the fragment 
to the original start point. Tx/GP buffer occu- 
pies the first 1200 bytes after the DMA 
boundary. Rx buffer occupies the balance of 
the buffer space. 



Buffer 
End 



Transmit and 
General Purpose 
Buffer Space. 
1200 Bytes 



Receive Buffer = 
Total Buffer Space 

- A-H B 



gp_buf_start 



rx„buf_stop 
(1200 bytes 
from end) 



DMA boundary exists in the buffer space. 
The first section is the smallest section, so 
the buffer is located there. The receive buff- 
er occupies the larger section of the buffer. 



Figure 12. DMA Page Break Affect on Buffer Size 
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The Rx buffer area is implemented as a restartable lin- receive frames are processed. After the last frames have 
ear buffer. As frames are stored in this buffer they are been processed, the receive area is reinitiahzed, the re- 
processed by the IPX routine IPXReceivePacket. A ceive channel DMA is initialized to point back to the 

variable called RX BUF STOP points to a location beginning of the receive area, and frame reception is 

1200 bytes from the end of the Rx area. On reaching reenabled. Table 4 contains the code that initializes the 

(or passing) this location in the Rx area, frame recep- buffer memory. Section 7.3 gives further information 

tion is temporarily disabled, and the remainder of the on receive frame processing. 

Table 4. Buffer Memory Initialization 



Sfit up Buffers: 

This routine generates the page and offset addresses for the 16 bit 
DMA. It checks for a page crossing and uses the smaller half of the 
buffer area for Tx and general purpose if a crossing is detected. If 
no crossing is detected the general purpose/transmit buffer is placed 
at the beginning of the buffer area . This routine also generates a 
segment address for the receive buffer which allows the value read 
from the "10 cent" latches to be used as read for the offset passed 
to IPXReceivePacket. This saves some arithmetic steps when tracing 
back through the rx buffer chain. 

set__up__buffers proc near 

mov ax, offset cgroup: gp__buf 

mov gpJbuf__offset, ax 

mov bx, cs 

mov dx, cs 

shr ax, 1 

mov cx, 3 

shl bx, cl 

rol dx, cl ;get upper 3 bits for page register 

and dx, 0007h ; clear all but the lowest 3 bits 

add ax, bx ;ax contains EA of first location in buffer 

adc dx, 0 ;if addition caused a carry add it to page 

mov cx, OFFFFh ;of buffer to page break 

sub cx, ax ;cx contains the number of bytes to page break 

cznp cx, 0l388h 
jb intel__hop 

jnp copacetic ;it's cool, whole buffer space is in one page 
inteljhop: 

cxap cx, 0258h 

ja low__ok ;low fragment is a usable size, check upper fragment 

add ax, cx ;move pointer past the page break to discard fragment 

sub gp__length, cx /adjust length variable to reflect shorter length 

mov gp^offset__adjust, cx 

shl gp__offset_adjust, 1 /convert to byte format 

mov cx, gp_offset__adjust 

add gpjbuf_j)ffset, cx /adjust gp_buf starting point to reflect change 

jmp copacetic ;both buffers will be in the same page, rx buf 

shortened 

low__ok: 

""cnqp cx, 113 Oh 
jb high__ok 

mov gp_length, cx /adjust length variable, discard upper buffer fragment 
jnf> copacetic /both buffers will be in the same page, rx buf 
shortened 

high_ok: /now since both fragments are usable we have to find the 

canp cx, 09C4h /actual page break, the large half will be the receive 
ja rx_first /buffer and the small half will be the gp-tx buffer, 
mov gpjbufjpage, dx 
shl gp~buf_page, 1 , *~ 
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Table 4. Buffer Memory Initialization (Continued) 



nov gpjbu£_8t*rt, ax 

«©▼ rxj»uf_start, 000 Oh 

nov rxJbufjMad, OOOOh 

add dxT 1 " ;n«act paga 

mov rxjbufjpaga, dx 

shl rx~bufjpaga# 1 

shl ax7 1 

ado dx, 0 

mov bXr cx ;Bav« nustbar of bytas to paga braak 

aov ox, 12 

shl dx, cl 

aov xxjbuf_8agiiiant,dx 

•ub gp^langthr bx 

nov cXf gp^langth 

nov rx_bu£]]Xangth, ox 

sub 0x7 25¥h 

•hi cx, 1 

add cx, ax 

nov rxJbu£__«top, ex 

jmp bu££ar8_sat 

rx_£ir»t: 

" nov rxjbu£jpaga, dx 

shl rxjbu£jpaga, 1 

nov rx]j9u£_8tartr ax 

nov rx_bu£__haad, ax 

shl rxjbu£_h«ad, 1 

nov rx~bu£~langth, cx 

nov zxJbu£_8top, 0FB9Eh ;1200 bytes £com etxd o£ buffor 

nov gpj3u£~8tart, OOOOh 

add dx, 1 ;n«xt page 

nov gp_bu£jpage, dx 

shl gpjt>vi£jpage, I 

add cx, 1 

shl cx, 1 

nov gp_o£fset_adju8t, cx 

*dd gpJbu£_o££set, cx 

sub dx7 1 ~ 

shl dx, 1 

shl ax, 1 

ado dx, 0 

nov ox, 12 

shl dx, cl 

nov 3exjbu£__8egnant , dx 

jnp buffers^^set 

copacetic : 

nov gp_bu£_start, ax ;A1-A16 o£ gp buffer, gp buffer is first 

add ax7 25ih ;1200 bytes for gp buffer at front of buffer space 

nov rxjbuf_8tart, ax ;rx buffer starts 1200 bytes in 

nov rxjbufjhead, ax 

shl rxjbuf'head, 1 

sub gp~langth, 2S8h 

nov cx7 gp^length 

nov rx_bu£__length, cx 

shl dx7 1 "" /convert segment to byte address 

nov rx_buf_page, dx 

nov gp~buf_page, dx 
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shl ax, 1 ; convert offset to bs^te address 

adc dx, 0 ; adjust segment for shift 

nov cx, 12 

shl dx, cl 

nov rxjbuf__segment, dx ;load variable for transfers to IPX 

nov cx, rxjbuf__length 

sub cx, 25?h " /setup narker for low rx buffer space, >600 words 

shl cx, 1 

add ax, cx 

nov rxJbuf_stop, ax 

buffers set: 
ret" 

set up buffers endp 
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7.3 Assembly and Transmission of 
Frames 

Frame assembly and transmission is accomplished by 
the interaction of the software driver and IPX through 
the use of IPX Event Control Blocks (ECBs). To trans- 
mit a frame, a transmit ECB is prepared that contains 
address information and a list of fragments in memory 
containing the frame to be transmitted. This ECB is 
placed in a queue for assembly and transmission of the 
frame. If the queue is empty, or when the ECB reaches 
the front of the queue, a routine is called that processes 
the ECB for transmission. This routine determines the 
length of the frame (padding the frame if necessary) 
and then constructs the frame in the Tx/GP buffer 



area. The construction of the frame is based on the 
ECB*s address information and fragment list. The 
transmit DMA channel is now initialized to point to 
the beginning of the transmit frame in the Tx/GP area, 
and the byte count for that channel is also initiaUzed. A 
Transmit command is now issued to the 82592. A sepa- 
rate routine monitors the transmission for a time-out 
error. When an interrupt from the 82592 indicates that 
the transmission attempt is complete (whether success- 
ful or unsuccessful), or if a time-out error has occurred, 
the proper completion code is inserted into the frame's 
ECB, and the ECB is passed back to IPX. If additional 
ECBs remain in the transmit queue the processing of 
the next ECB will begin. Table 5 contains the code used 
for assembly and transmission of frames. 



Table 5. Assembly and Transmission of Frames 



; Driver Send Packet 

; Assumes 

ES:SI points to a fully prepared Event Control Block 
DS « OS 

Interrupts are DISABLED but may be reenabled temporarily i£ necessary 

; don't need to save any registers 

DriverBroadcastPacket : 
DriverSendPacket PROC NEAR 

cli ; disable the interrupts 

xnov cx, word ptr send^list + 2 

jcxz AddToFrontOfList 
; search to the end of the list, and add there. 

mov di, word ptr send_list 

AddToListLoop : 
mov da, cx 

mov cx, ds: word ptr [di].link + 2 
jcxB AddListBndFound 
mov dx, ds: word ptr [di] .link 
jmp AddToListLoop 

AddListEndFound : 

mov es: word ptr [si] .link, cx ;move null pointer to newest SCB's 

mov es: word ptr [si]. link + 2, cx ;link field 
mov ds : word ptr [di] . link, si 
mov ds: word ptr [di] .link +2, es 
mov ax, cs 

mov ds, ax ;set ds back to entry condition 
ret 

AddToFrontOfList : 

mov es : word ptr [si] .link, cx 

mov es:word ptr [si]. link + 2, cx 

mov word ptr send_list, si 

mov word ptr send_list •!■ 2, es 
; drop through to Start Send 

DriverSendPacket endp 



Start Send 
assumes : 

ES: SI points to the BOB to be sent, 
interrupts are disabled 



start_send PROC NEAR 
public start__send 

cli " ; disable the interrupts 
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Table 5. Assembly and Transmission of Frames (Continued) 



cld 








niov wozd pfci? tx_jecbf si. 




inov wocd ptic tx ftcls + 2^ as 




push ds ; savd ds £ox £utu£o uso 




> xiTA paCK9b XSny^n OUb OX CnB XXcSu Ccaginenu ( Xir A n6au6£; 




Ids bX/ Qs : dword pt^Jt [si.] .firsQlinfint^ ddscci-p^oc li.st 












push sx / ssvA Xon^^tih £oc Xslzos usft i.n 590 Isncf^h £x6ld 




xch^ sXf sh / b|]^t^4i swsp tot 592 Xon^jt^h fXoXd csXcuXstXon 








zno V psocixzio / o 




cnp sXf 64 




js Xon^ finou^fh 




xnov paddXn^T/ €4 /xndLniLiaun Xon^^h fraxtie 




sub psddi-n^^ ax ;pad XAn^fth 




zoov aXf 64 




Xon^ enough • 




sub ax^ XO ;SA and CRC arQ dons automatxcaXXy 








and aXf OFEh ;£xaina must be 6ven 




mov tx__byte__cnt, ax 




mov di/ gp_Jbuf_of f set 




xnov bX/ cs 




mov es/ bx 




move the bj^e count Xnto the txansmXt bu££ei? 








; move the destination address from the tx ECB to the tx buzcec 




mov bx, si 




Xea si/ [bx] .immedxate__address 




mov dS/Woxd ptir tx ecb 4* 2 




tnovsw 




movsw 




movsw 




mov ax/ cs } Cf^^ back to the code (Dgpcoup) section 




mov ds t ax 




; now the 590 Xength fieXd 




pop ax 




xchg ah/ aX 




inc ax 




and aX/ OFEh /make sure E-Net Xength fxeXd is even 




xchg ah, aX 








Xds si, tx^ecb 




mov ax, ds : [si] .£ragment_count 




Xea bx, [si] .fragment_.descriptor__Xist 




move__£rag__Xoop : 




push ds ; save the segment 




mov cx, ds : [bx] . f ragment^Xength 




Xds si, ds: [bx] .£zagxnent__address 




%£astcopy 




pop ds ; get the segment back 




add bx, 6 




dec ax 




jnz move__frag__Xoop 
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Table 5. Assembly and Transmission of Frames (Continued) 



; start transzaitting 
taov cx, cs 
nov ds, cx 
;add any required padding 

mov cx, 4 ;iaake sure frame ends with 

cx, padding 
cx, 1 
stosw 

tx_^active__flag, 1 
axT ax " 



add 

shr 

rep 

ntov 

xor 

out 

mov 
%slow 

out 

mov 
%slow 

out 

mov 
%sloir 

out 
%slow 

mov 

out 

mov 

add 

shr 

adc 

out 
%slo«r 

mov 

out 
%slow 

mov 

out 

mov 

mov 

out 

mov 

mov 

%inc32 

ret 



DMAff, al 
ax, gp_buf_8tart 



;data is don't care, AX has been zeroed 



DMA6addr, 
al, ah 



al 



DMA6addr, al 
DMA6page, al 



;DMA page value 
; setup channel 1 for tx mode 



al, DMAtx6 
DMAmode, al 
ax, tx^byte__cnt 

ax, 4 ;add two for byte count, two for tx chain fetch 

ax, 1 /convert to word value and account for odd 

ax, 0 ;byte DMA transfer 

DMA6wdcount, al 



al, ah 
DMA6wdcount , 



al 



al, DMASunmsk 
DMAsnglmsk, al 
dx, command_reg 
al, C__TX 
dx, al 

ax, ZPXZntervalMarker 
tx_start_time, ax 
""TotalTxPacketCount 



start__send endp 
; ******************************************************** ^ 

Driverpoll 

Poll the driver to see if there is anything to do 

Is there a transmit timeout? If so, abort transmission and return 
BCB with bad completion code. Check to see if frames are queued. 
If they are set up ES:SI and call DriverSendPacket . 

************************************************************ 

DriverPoll PROC NEAR 
cli 
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Table 5. Assembly and Transmission of Frames (Continued) 



cap 


tx_active flag, 0 






NotHaitingOnTx 




mov 


dx, IPXZntervalMarker 




sub 


dx, tx__start_time 




coop 


dx, TxTimeOutTicks 




jb 


NotTimedOutYet 




; This transmit is taking too long so lat's tazminate it now 




; Is sua 


an abort to the 82592 




xnov 


dx, command_reg 




mov 


al, C ABORT ; abort transmit 




out 


dx, al 




inc 


tx_timeout 




las 


si, txjecb 




mov 


es: [si] .conpletion code, TransmitHardwareFailure ; stuff coitmletion 




code o£ 


a failed tx 




mov 


ax, es: word ptr [si]. link 




mov 


word ptr send^list, ax 




mov 


ax, es: word ptr [si]. link + 2 




mov 


word ptr send__list + 2, ax 




; Finish 


the transmit 




mov 


es: [si] .in use, 0 




call ZPXHoldEvent 




;make sure that execution unit didn't lock up because of abort errata 




mov 


dx, command reg 




mov 


al, C SWPl 




out 


dx, al 




mov 


al, C_SELRST 




%slow 






out 


dx, al 




mov 


al, C_SWPO 




%slow 






out 


dx, al 




mov 


al, C_RXENB 




%slow 






out 


dx, al 




mov 


tx__active__flag, 0 




/ See if 


any frames are queued 




mov 


cx, word ptr send__list + 2 




jcxz 


queue_enqpty 




mov 


es, cx 




mov 


si, word ptr send__list 




call 


8tart__send 




queue__en^ty : 




NotWaltingOnTx: 




NotTimedOutYet : 




ret 
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Table 5. Assembly and Transmission of Frames (Continued) 



DriverPoll endp 

; ****************************************************** 
; Interrupt Procedure 

; **************************************************************** 
even 

RxErrorTypeCheck : 



BufferOverflow : 

inc rxjbuf f__pvf Iw 
jmp int__exit 



not__590__int: 

inc no_590_int 
jxqp int_ezit 

DriverZSR PROC far 

pxiblic DriverlSR 



push ax 
push bx 
push cx 
push dx 
push si 
push di 
push bp 



push ds 
push es 
eld 

int_j>oll__loop : 
cli 

call ZPXStartCriticalSection ;tell A£S we're busy 
xoov al, EOI 

out InterruptControlPort , al 

out ExtralnterruptControlPort, al 



mov 


ax, 


cs 




mov 


ds. 


ax ;DS points to C/DGroup 


mov 


dx. 


command reg 


mov 


al. 


0 




out 


dx. 


al ; set 


status reg to point to reg 


%slow 








in 


al. 


dx 




test 


al. 


8 Oh 




j« 


not_ 


_590_int 




and 


al. 


NOT 2 Oh 


; ignore the EXEC bit 


mov 


ah. 


al 


save the status in AH 


crop 


ah. 


0D8h 


;did Z receive a frame? 
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Table 5. Assembly and Transmission of Frames (Continued) 



jz rcvdjpacket 

cntp ah, 84h 

ji aentjpack«t_,jnqp 

cxap ah, 8Ch 

j« aantjpackat^^jnp 

inc f al8a_5 9 0__int 

jnp lnt_jexit 

sent jpackat__ jap : 

jiqp aantjpacket 



sontjpacket : 


cli 




cnp 


tx_active__flag, ( 


j« 


false tx Int 


in 


al, dx 


xnov 


status 10, al 


%slow 




In 


al, dx 


mov 


statusll, al 


test 


statusll, 20h 


j« 


txjerror 


XDOV 


al, statuslO 


and 


ax, OFh 


add 


RetryTxCount, ax 


xor 


ax, ax 



did I finish a transmit? 
did I finish a retransmit? 
unwanted interrupt 



0 

/shouldn't have been ti;ansmitting 



/extract the total number of retries from 
;the status register and add to retry count 

status s 0, good transmit 

FinishUpTransmit : 
les si, tx_ecb 

mov es: [si] .completion_code, al 

mov ax, es : word ptr [si] . link 

mov word ptr send^list, ax 

mov ax, es : word ptr [si] . link ■¥ 2 

mov word ptr send__list •(■ 2, ax 

mov es: [si] .in__u8e, 0 

call IPXHoldEvent 

push cs 

pop ds 

mov cx, word ptr send^list + 2 
mov tx__active_f lag, d 
jcxz int_exit_jmpl 

mov es, cx /segment of next SCB in list 

xftQv si, word ptr send_list /offset of next SCB in list 
call start_send 
jtap finishjexit 

int__exit__jn?>l : 

jnqp int_exit 

f alse_tx__int : 

jrqp ""int^exit 

tx error: 

test StatuslO, 20h /Max collisions?? 

jnz QuitTransmitting 

test statusll, Olh /Tx underrun?? 

j« lost_cts 
inc underruns 

290189-38 

lost__cts : 

test statusll, 02h /did we lose clear to send?? 

ja lost_crs 
inc no__cts 
lost_crs : 

test statusll, 04h /did we lose carrier sense?? 

inc no_crs 

les si,tx_jecb 
call start__send 

mov al, TransmitHardwareFailure 
jxrp FinishUpTransmit 

QuitTransmitting : 

mov al, StatuslO 

and ax, OFh 

add RetryTxCount, ax 

inc stop_tx 

mov al, TransxaitHardwareFailure 

jnp FinishUpTransmit 

DriverlSR endp 
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7.4 Receive Frame Processing 

Receive frame processing is triggered by an interrupt 
from the 82592. If the status read from the 82592 by 
the Interrupt Service Routine (ISR) indicates that a 
frame has been received, a jump is made to the begin- 
ning of the code that services frames. The receive buffer 
area is managed by using several variables. These vari- 
ables are listed below. Please refer to Section 4.1 and 
4.2 for a review of receive frame processing. 

• RX_BUF_TAIL. Contains the contents of the 
16-bit latch. They point to the byte count of the last 
frame written into memory. 

• RX_BUF_PTR. Keeps track of the current posi- 
tion in the buffer while the CPU recovers locations 
of the received frames in the buffer processing. 

• RX_BUF_HEAD. Contains the pointer to the 
byte count of the last frame that was processed by 
the CPU. (This differs from rx_buf__tail, which 
points to the byte count of a frame not yet process- 
ed.) 

• RX_BUF_STOP. Points to a location that is 1200 
bytes from the end of the receive buffer (slightly 
more than the maximum size of a frame). 

After servicing a receive frame, the contents of the 
16-bit latch are loaded into RX_BUF_TAIL and 
RX_BUF_PTR. This value is compared with the val- 
ue stored in RX_BUF_STOP to determine if most of 
the buffer has been used and if the buffer must be reini- 
tialized after the current receive frames have been pro- 
cessed (In this case a flag called RESET_RX_BUF is 



set to indicate that the buffer variables and receive 
DMA channel must be reinitialized before the Inter- 
rupt Service Routine is exited). To process the frame or 
frames received, both the byte count and status bytes of 
the frame are used. If the status indicates a receive er- 
ror the frame is not passed up to IPX. The byte count is 
used to index back through the chain of received 
frames, using RX_BUF__PTR to keep track of the 
current position in the buffer. The frames are checked 
for length (maximum and minimum), and a check is 
also made to verify that the Ethernet and IPX length 
fields agree (including provisions for padding the 
Ethernet length field). If these checks pass, the frames 
are added to the list of received frames by storing their 
location, length, and source address in an array of 
structures called RX_LIST. When the RX_BUF_ 
PTR contains the same value as RX_BUF_HEAD, 
all currently received frames have been processed, and 

a jump is made to a label called HAND OFF 

PACKET. In this routine the frames are handed up to 
IPX, in the order they were received, using calls to the 
IPX routine IPXReceivePacket. The value stored in 
RX_BUF_TAIL is loaded into the RX_BUF_ 
HEAD variable, which now holds the address of the 
last location in the receive area that was processed, and 
the execution of the ISR falls through to a routine to 
exit the ISR. Before exiting the ISR an Interrupt Ac- 
knowledge is issued to the 82592; a check for additional 
pending interrupts is made, if one is found the ISR 
process is repeated; and the flag RESET__RX_BUF is 
checked, if it is set the receive buffer is reinitialized. 
The machine states of the previous routines are restored 
to their original states, and the ISR is exited. Table 6 
contains the code used for receive frame processing. 
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Table 6. Receive Frame Processing 


; ************************************************************ 




Interrupt Procodura 




; **************************************************************** 




even 




RxSrrorTypeCheck : 




Buf £erOver£low : 

inc rxJbuff_ovflw 
jitp int__exit 




not_590_int: 

inc no_590__int 
jnp int_exit 




DriverZSR PROC far 
public DriverZSR 




push ax 
push bx 
push cx 
push dx 
push si 
push di 
push bp 




push ds 
push es 
eld 




int_jpoll loop: 
cli 

call ZPXStartCriticalSection ;tell AES we're busy 
mov al, EOZ 

out InterruptControlPort , al 

out ExtraZnterruptControlPort/ al 

mov ax, cs 

mov ds, ax ;DS points to C/DGroup 
zoov dx, comoand^^reg 
mov al/ 0 

out dx, al ;set status reg to point to reg 0 
%slow 

in al, dx 

test al, 8 Oh 

jz not__590_int 
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Table 6. Receive Frame Processing (Continued) 



; int_jpoll__loop : 

and al, NOT 20h ;ignora the EXEC bit 

mov ah, al /save the status in AH 

cmp ah, 0D8h ;did I receive a frame? 

jz rcvd_packet 

cinp ah/ 84h ;did I finish a transmit? 

jz sentjpaclcet^jnqp 

cxnp ah, 8Ch ;did I finish a retransmit? 

jz sentjpacJcet__jmp 

ine false_590__int /unwanted interrupt 

jmp int__exit "" 

sent_jpacket__jmp : 

jmp sent_paclcet 
bad__rcv : 

inc rx_errors 

jnp RxErrorTypeCheck 

int_jexit_ jmp : 

jitp int_jexit 

/Ylhen the address bytes are being read it is possible that another frame 
; could come in and cause a coherency problem with the ten-cent latches. 
;I am dealing with this possibility by reading TenCentHi twice and xaaking 
;sure the values match. If they don't the read is redone. 

rcvd_packet : 
cli 

mov dbc, TenCentHi ;read high address byte of last frzuncie received 

in al, dx 

mov ah, al ;save it in ah 

mov dx, TenCentLo ;read low address byte of last frame received 

in al, dx 

mov rx_Jbuf_tail, ax ;this is the last location containing rx data 

/Read TenCentHi again to make sure it hasn't changed 

xaov dx, TenCentHi /read high address byte again 

in al, dx 
cmp al, ah 
j z addr_ok 

jmp rcvdjpacket /read the latches again 

addr__ok : 

mov ax, rx_buf__tail /this is a valid address 

mov rx__buf__ptr, ax /this is the last location containing rx data 

cmp rx_buf_stop, ax /is most of the buffer already used? 
ja BufferOK 
mov reset__rx__buf , 1 
BufferOK : 

cmp ax, rxjbuf__head 
ja process_new_frames 
inc ten_cent__latch__crash 
jn^ int__exit 

do__next__f rame : 

process__new__f rames ; 

mov~ bx, rxjbuf__ptr /end of current frame to process 

sub bx, € /set bx up to point to beginning of the status 

mov es, rx_buf_segment /this is necessary because latches hold EA not 
/offset relative to CGROUP 
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Table 6. Receive Frame Processing (Continued) 



xnov 


al, es: [bx] . status 1 






test 


al,20h 


;test for good receive 




jnz 


good__rx 






mov 


cl, es : [bx] . bc_lo 






mov 


oh, es: [bx] .bc^hi 


;cx has actual number of bytes read 




dec 


cx 


; toss byte count £ status 




and 


cl, Of eh 


; round up 




sub 


bXf cx 


;bx points to first location of frame 




cnp 


rx_buf_head, bx 






j« 


hand___of f jpacket__ j«p 


;this was the first frame in the sequence 




mov 


rx_buf__ptr, bx 






sub 


rxjbufjptr, 2 






to do next frame: 








do next frame 






hand o££jpacket__jnp: 






jmp 


hand__off_packet 






good__rx : 








mov 


cl, es: [bx] .bc__lo 






mov 


ch, es: [bx] .bc_hi 


;cx has actual number of bytes read 




mov 


curr_rx__length, cx 






dec 


cx 


; toss byte count £ status 




and 


cl, Of eh 


; round up 




sub 


bx, cx 


;bx points to first location of frame 




mov 


rxjbuf^ptr, bx 






sub 


rx bufjptr, 2 


;rx_buf_jptr ■ last location of n-1 frame 




sub 


cx, 14 


; sub length of 802.3 header 




crop 


cx, 1024 + 64 






jbe 


not__tooJbig 






inc 


PacketRxTooBigCount 






jitp 


do next frame 






not too_big: 






dssp 


cx, 30 






jae 


not too small 






inc 


PacketRxTooSmallCount 




jmp 


do_jnext_f r ame 






not_J:oo__ 


small: 






mov 


ax, es : [bx] . rx length ; get IPX length 




xchg 


al, ah 






inc 


ax 






and 


al. Of eh 






xchg 


al, ah 






cznp 


ax, es : [bx] . rx_physical_length ; same as 802.3 length ? 




jne 


to_jdo_next_frame 






xchg 


al, ah 






CItIp 


ax, 60 - 14 


; at least min length minus header 




ja 


len ok 


; yes , continue 




mov 


ax, 60 - 14 


; no, round up 




len__ok : 








cxnp 


ax, cx ; match physical length 




j« 


not inconsistent 


yes, continue 




inc 


HardwareRxMismatchCount 




imp 


do_next__frame 






not inconsistent: 






%inc32 TotalRxPacketCount ; Double Word Increment 




mov 


ax, 12 






mul 


nxaft_of__frames 
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Table 6. Receive Frame Processing (Continued) 



mov 


di/ ax 




mov 


rx^list [di] , bx ; first location of ethemet frame 




add 


rx^list [di], 14 /first location of ipx packet 




znov 


ax7 rxjbuf__8egment 




mov 


rx^list [di + 2], ax 




XQOV 


ax/ word ptr es : [bx] . rx__length 




xchg 


al^ah 




mov 


rx^list [di + 4] , ax 




mov 


ax/ word ptr es : [bx] . rx^source^addr + 0 




mov 


word ptr rx_list [di + ¥] , ax 




mov 


axr word ptr es : [bx] . rx__source_addr 4- 2 




mov 


word ptr rx^list [di -f 8] , ax 




mov 


ax, word ptr es: [bx] .rx source addr ■>■ 4 




mov 


word ptr rx_list [di + 10] , ax 




add 


num_of_frainas, 1 




cxop 


rx_buf~head, bx 




je 


hand^off_packet 




cmp 


numJo£_£ranes, 50 




je 


hand_off jpacket 




jmp 


do_next_frame 




hand_o££jpacket : 




mov 


si, rx list[di] 




mov 


es, rx"list[di + 2] 




mov 


cx, rx list[di + 4] 




lea 


bx, rx"list[di + 6] 




ell 






push 


ds 




call 


IPXReceivePacket 




pop 


ds 




sub 


num_of__frames, 1 






adjust^rx head 




sub 


di, 12 






hand__off_packet 




ad just__rx_head : 




mov 


ax, rx buf tail 




add 


ax, 2 




mov 


rx_buf__head, ax ;set rx_bufjhead to new value for next receive 






; interrupt 




Int exit 






push cs 




pop 


ds 




cxnp 


tx_active__flag, 0 




jnz 


finish_exit 




verify that our receiver is still going. 




mov 


dx, command_reg 




mov 


al, 60h /point to status byte 3 




out 


dx, al 




%slow 






in 


al, dx 




test 


al, 20h 




jnz 


finish_exit 




jmp 


LostOurReceiver 




finish exit: 




cli 
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Table 6. Receive Frame Processing (Continued) 


call 


IPXEndCr it iealSect ion 




zoov 


dz/ cossoand reg 






ai, C INTACK 




out 


dXf al / issue intesrs^upt aclcnowledge to tlie 590 




%8lOW 








ml, al 




out 


djCf al f set status reg to point to ireg 0 




%slow 




in 


al/ dx 




test 


al, 80h 




jns 


int_pending 






reset rx buf , 1 






no rx bu£ reset 




nov 


al/ dmaTmsk ;mask receive DMUl channel 




out 


DMAsnglmsk/ al 




%slow 








DMA££> al ;data is don't care 




aov 


aX/ rx buiT start 7 set Hmji i^p to point to the beginning of rx bu£ 




mov 


rx buf head/ ax 




shl 


rx buf head/ 1 






DMATaddT/ al 




xoov 


al/ ah 










**^°out 


DMA7addr/ al 




mov 


al, DMArx7 




%slow 








DMAmode/ al 




mov 


ax/ rx buf length ; set up rx buf 




%8lOW 






out 


DMATwdcount/ al 




mov 


al/ ah 




%slow 






out 


DMA7wdcoxint/ al 




mov 


dx/ DMAsnglmsk 




mov 


al, DMA7unmsk 




%slow 






out 


dx, al 




mov 


dx, command reg 




mov 


al, C RXENB*"* 




out 


dx/ al 




mov 


reset__rxjbuf / 0 i 




no XX bu£ reset: 




di 






call 


ZPXServiceEvents 




pop 


es 




pop 


ds 




pop 


bp 




pop 


di 




pop 


si 




pop 


dx 




pop 


cx 




pop 


bx 
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pop 


ax 




sti 






Iret 






LostOurReceiver : 




inc 


lost rx 




mov 


al/ C^RXENB 




mov 


dx/ command reg 




out 


dx/ al ~ 




jxnp 


finish__exit 




toojbig : 






""inc 


PacketRxOverflowCount 




jnp 


int__exit 




intjpending: 






intjpoll loop 
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APPENDIX A 



Expanding the 82592 Embedded LAN 
Module Architecture to a Low-Cost 
Non-Buffered Adapter 

The basic architecture of the 82592 Embedded LAN 
Module can be expanded and appUed to a low-cost, 
non-buffered adapter. This requires adding a DMA 
unit and some logic for a bus master handshake. Such 
an adapter would contain no local buffer memory. Its 
cost advantage would come from using existing system 
memory, as the embedded module does. This adapter is 
less complex than most existing designs because it does 
not require arbitration logic for access to local memory. 
This adapter becomes a bus master when data transfers 
take place, either to the 82592 (Tx) from system memo- 
ry or from the 82592 (Rx) into system memory. 

The same features of the 82592 that make it successful 
in embedded applications make it well-suited for non- 
buffered adapters. As with the embedded module, there 
is no intermediate bufFering of data in a local memory, 
therefore data transfers to and from system memory 
take place in real time. The 82592's large FIFO area 
allows it to tolerate long system bus latencies during 
memory access. The 82592*s high-performance, 16-bit 
bus interface allows the adapter to efficiently transfer 
data to and from system memory when it gains access 
to the system bus. The TCI of the 82592 will interface 
with the adapter's control logic and DMA unit to pro- 
vide back-to-back frame reception and automatic re- 
transmission on collision (both without CPU interven- 
tion). Figure 13 is a block diagram of the basic architec- 
ture of the embedded module modified for a non-buff- 
ered adapter application. The block titled "Control 
PALs and Latch" together with the 82592 is the core of 
the embedded module architecture. One additional 
PAL (PAL C) has been added to the basic architecture 
to offer more logic for decoding additional components 
added to the adapter. The address latch has also been 
expanded to 24 bits. The three shaded blocks (DMA 
Machine, Master Logic, and Control PALs and Latch) 
show the most likely path for integration on this adapt- 
er, providing a three-chip solution of ASIC, 82592, and 
82C501. The 82C37 is common in many ASIC cell li- 
braries, offering a migration path for this integration. 



ADAPTER BLOCK DESCRIPTIONS 



DMA Machine 

• 8237 DMA Controller. Serves as the core for the 
DMA machine. Performs addressing and control for 
data transfers between the 82592 and host system 
memory. 

• 8-Bit Page Counter. Provides the addressing bits for 
the upper bits of address (A17-A23). 

• 8-Bit Register. Serves as the base register for the 
upper bits of the Tx DMA channel for reinitializa- 
tion for automatic retransmission. 

• 8-Bit Multiplexer. Selects between the upper bits of 
Rx- or Tx-channel DMA. 

• 8-Bit Latch. Latches the upper bits of address from 
the 8237 (Ag-Ais). 



Master Logic 

• Master PAL. Implements a "master" handshake 
with the host system bus to gain access to the bus as 
a bus master. 

• Timers (2). Controls the maximum time the adapter 
can hold the bus, and the minimum time it must 
wait before attempting to regain bus access. 



Control PALs and Latch (Together 
with 82592 and 82CS01) 

The basic architecture of the 82592 Embedded LAN 
Module. 



Transceivers 

Used to buffer the adapter logic from the host system 
bus, for drive purposes. Address consists of 24 bits; and 
Data, 16 bits. 
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PC586E 

CSMA/CD LAN EVALUATION BOARD 



■ Supports Established CSMA/CD LAN 
Standards: 

— Ethernet (IEEE 802.3 10BASE5) 

— Cheapernet (IEEE 802.3 10BASE2) 

■ Interfaces to Popular IBM and IBM 
Compatible PC Systems: 

— IBM PC, PC-XT, PC-AT (8-Bit Data 
Transfer) 

— IBM PC-AT (16-Bit Data Transfer) 

■ Jumper Selection Offers High Degree 
of Flexibility in System Configuration: 

— Up to 8 Address Decode Ranges 

— Up to 8 Interrupt Lines 

— Ethernet (IEEE 802.3 10BASE5) 

— Cheapernet (IEEE 802.3 10BASE2) 

— Number Qf Wait-States 

■ Auto-Configuring for either 8-Bit or 
16-Bit Bus Systems 

■ On-Board Transceiver Provides Direct 
Coaxial Connection for Cost-Effective 
Cheapernet Applications 



■ Pipelined Access in 8-Bit Mode 
Increase Performance through 
Reduced Wait-States 

■ 16 Kbytes of Shared Memory-Mapped 
SRAM Enables Higher Performance 
Network Operation 

■ Reduces Design Complexity because 
No I/O Address or DMA Channels 
Required 

■ High Efficiency Interleaved Memory 
Access Permits Zero Wait-State Access 
by Host CPU for Most Cycles 

■ 8 Kbytes of ''Remote Boot" EPROM 
(Optional) Eliminates Need for Disk 
Drives 

■ Provides LAN Designer with a 
Complete, HIgh-Performance CSMA/CD 
Ethernet/Cheapernet Solution 



The PC586E evaluation board is a non-intelligent, buffered CSMA/CD LAN adapter card designed to demon- 
strate Intel's high-performance Ethernet/Cheapernet chip set. It provides IEEE 802.3 TYPE 10BASE5 (Ether- 
net) and TYPE 10BASE2 (Cheapernet or thinwire Ethernet) connections for IBM PC, PC-XT, PC-AT and 
compatible systems. The PC586E combines the Intel 82586 LAN Coprocessor and the Intel 82C501 Ethernet 
Serial Interface with an on-board Ethernet Transceiver into a total Ethernet/Cheapernet solution. The card is 
easily installed in either an 8-bit or 1 6-bit PC expansion slot and then automatically configures itself for 8-bit or 
16-bit data transfers. Its jumpers offer a high degree of flexibility for system-dependent configuration. For 
Ethernet applications, the 82586/82C501 pair provide the complete transceiver cable interface required by the 
IEEE 802.3 standard. In addition, the PC586E's on-board transceiver provides the entire coaxial cable inter- 
face for convenient, cost-effective Cheapernet systems. 



EPROM 
(optional) 
8k X 8 




PROM 
32 BYTES 




SRAM 
8 K X 16 




82586 - 6 








I 













Analog 
Interface 

82C501 
82502 





Comnrtand 
Register 


Control 
Logic 



Bus Interface Logic 
Word Assembly/Disassembly 



290196-1 



Figure 1. PC586E Block Diagram 



The PC586E is provided solely as an evaluation tool for use in designing with Intel's 82586 chip set. It has not been tested for compliance to FCC 
requirements for EMI (Part 15, subpart j). Intel is not responsible for any misuse of this evaluation board. 
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The PC586E is part of Intel's LAN Evaluation Board 
program. The board is intended to demonstrate the 
high-performance characteristics of the 82586 chip 
set in an adapter card application. The PC586E 
gives LAN engineers a head start in finding the best 
solution for their specific network problem. PC686E 
boards are shipped with detailed design documenta- 
tion (artwork and PAL equations also available). 

The PC586E is based on an Interleaved Local Mem- 
ory Access scheme with Static RAM dual-ported be- 
tween the 82586 LAN Coprocessor and the Host 
System CPU. Access to the board is purely Memory- 
Mapped, and therefore, no I/O ports or DMA chan- 
nels are required. In addition to the shared SRAM, 
the system supports a "Remote-Boot" EPROM and 
32 bytes of Address PROM. The 82586 has access 
only to the Static RAM. 



MEMORY 

The Local Memory consists of 16 Kbytes of Static 
RAM, 32 bytes of Address PROM, 16 Command 
Registers, and up to 8 Kbytes of "Remote Boot" 
EPROM (Optional). All of the Local Memory is 
mapped into unused memory space of the Host Sys- 
tem. Commands are issued to the PC686E by trans- 
ferring the instruction to a Command Register. The 
Command Registers are used for issuing the Reset 
and Channel Attention signals to the 82586, en- 
abling interrupts and configuring the board. 



CONFIGURATION 

There are up to 8 jumper-selectable locations for the 
Local Memory and the Command Registers (four of 
these locations are mapped above the 1 Mbyte 
boundary, FFFFh). In addition, the jumpers are used 
for the Interrupt Request Signal which may be as- 
signed to any one of eight Interrupt Request lines. 

The PC586E automatically detects if it is placed in 
an 8-bit or 16-bit expansion slot. When the PC586E 
is in a 16-bit slot, a Command Register is used to 
program the PC586E for either 8-bit or 16-bit data 
transfers. One of the Command Registers can also 
be used to disable the interrupt signal. 



INTERLEAVED MEMORY ACCESS 

The PC586E uses Interleaved Memory Access be- 
tween the 82586 LAN Coprocessor and the Host 
System CPU to increase system performance. One 
read or write access is allowed by the Host System 
for every read or write access by the 82586. In this 
way, high utilization of local memory is achieved. 
The logic used is a "cycle-stealing" approach in 



which the 82586 is never given wait-states. This pre- 
cludes the need for wait-state logic for the 82586 
and allows the 82586 to run at 6 MHz. 

When the 82586 is inactive, the Interleaving logic 
becomes transparent and the Host System may ac- 
cess the Local Memory with no wait-states (16-bit 
buses only). This provides about a 15% to 20% 
boost in bus performance. 



DESCRIPTION OF INTERLEAVE 
LOGIC 

Since the 82586's READY and HOLD ACKNOWL- 
EDGE signals are always active, only a simple arbi- 
ter is required. The Control Logic merely interleaves 
Host System accesses with 82586 accesses. When 
the 82586 is active, the Host System access will oc- 
cur during the first half of the 82586 "read/write" 
cycle. When the 82586 is inactive, the Host System 
access will occur at the speed of the Host Bus. 

If the Host System initiates access to the static RAM 
during T1 or T2 of the 82586 "read/write" cycle, it 
will complete operation without any additional wait- 
states. If the Host System should initiate access dur- 
ing T2 or T3 of the 82586 "read/write" cycle, a max- 
imum of three wait-states will be inserted for an 
8 MHz AT system. The maximum number of wait- 
states depends on the width and frequency of the 
Host System. 



WORD ASSEMBLY/DISASSEMBLY 

For systems with 8-bit data buses, the PC686E has 
a special Word Assembly/Disassembly function. Ac- 
cess to the Static RAM may be made either as 8-bit 
or 1 6-bit operations. If 8-bit transfers are made, the 
Word Assembly/ Disassembly logic is used to in- 
crease performance. 



WORD DISASSEMBLY 

An 8-bit "read" operation to an even address caus- 
es 16 bits of data to be read from the Static RAM. 
The first 8 bits are transferred onto the Host bus and 
the second 8 bits (corresponding to the odd ad- 
dress) are temporarily stored in a latch. When the 
subsequent "read" is made to the odd address, the 
data stored in the latch is copied onto the Host Bus. 
In this way, access to the Static RAM by the Host 
CPU is reduced by 50%. 



WORD ASSEMBLY 

An 8-bit "write" operation to an even address caus- 
es the data stored at this location to be temporarily 
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transferred to a latch. When the subsequent 8-bit 
"write" operation is made (corresponding to the odd 
address), the two 8-bit bytes are combined into a 
16-bit word which is then transferred to the Static 
RAIVI. 

In order to take advantage of this scheme, all ac- 
cess to the Static RAM must be made on a 16-bit 
word basis to even addresses. Since the 82586 data 
structures are naturally designed to be 1 6-bits wide, 
this requirement has little or no impact on software. 
The bus interface of systems with 8-bit data buses 
will automatically break 16-bit operations in^o two 
8-bit operations. The same software can thus be 
used for both 8-bit and 1 6-bit systems. 

The Word Assembly/ Disassembly function is only 
used for access to the Static RAM. All accesses to 
the Address PROM, Remote Boot EPROM and 
Command Regrsters are made as 8-bit transfers 
only. 



REMOTE BOOT EPROM 

An optional 8192 byte EPROM may be installed for 
either "Remote Boot" operation or general purpose 
ROM. Upon booting the system, the Host CPU 
searches for a 55AAh data pattern starting at ad- 
dress C8000h. If the pattern is not found, additional 
attempts will be made at subsequent addresses in 
2 Kbyte increments. If the pattern is found, the Host 
will then search for a jump instruction and a Cyclic 
Redundancy Check (CRC). If these are found, the 
CPU will begin executing the code at the location 
specified by the jump instruction. In order to take 
advantage of the "Remote Boot" option, the soft- 
ware on the EPROM must be able to configure the 
PC586E and copy the operating system through the 
network. This ability removes the need for disk 
drives. The EPROM may be used for general pur- 
pose storage instead of remote booting. In either 
case, only 8-bit "read" operations are permitted 
from this device. 



ETHERNET/CHEAPERNET 
SELECTION 

The PC586E Board is jumper-selectable to operate 
in either Ethernet (IEEE 802.3 10BASE5) or Cheap- 
ernet (IEEE 802.3 10BASE2) mode. 



ETHERNET 

In Ethernet mode, the 82586 LAN Coprocessor is 
used in conjunction with the Intel 82C501 Ethernet 
Serial Interface. Functions of the 82C501 include 



Manchester encoding/decoding of transmit and re* 
ceive data, generation of the transmit and receive 
clock and interface to the AU I /Transceiver cable. In 
addition, the 82C501 has a built in watchdog timer, 
internal loopback diagnostics and collision detection 
circuitry. The 82586/82C501 thus provide the com- 
plete transceiver cable Interface required by IEEE 
802.3. 



CHEAPERNET 

In Cheapernet mode, the Ethernet Transceiver is lo- 
cated on-board. The transceiver works in conjunc- 
tion with the 82586 and 82C501 to provide the com- 
plete, on-board, coaxial cable interface. 



COMPONENT DESCRIPTION 

82586 LAN Coprocessor 

— Implements a Complete CSMA/CD Data Link 

~ Incorporates ^11 Logic for Executing Time Critical 
Functions Independently of Host System 

— High-Level Command Interface Simplifies Soft- 
ware Programming 

— ■ Supporting Industry CSMA/CD LAN Standards 
Ethernet (IEEE 802.3 10BASE5) 
Cheapernet (IEEE 802.3 10BASE2) 

— Provides On-Chip Memory Management with Au- 
tomatic Buffer Chaining and Reclaiming 

— Interfaces to Industry Standard 8-Bit and 16-Bit 
Microprocessors 

— Powerful System Interface 

On-Chip DMA Control Allows Up to 

5 Mbytes/Sec Bus Capacity 

8-Bit or 16-Bit Data Bus 

Back-to-Back Frame Reception at 1 0 Mb/s 

— Built-in Network Management and Diagnpstics 

Transmission/Reception Error Reporting 
Network Activity and Error Statistics 
Station Diagnostics (External Loopback) 
Self Test Diagnostics 

The 82586 is an intelligent peripheral that complete- 
ly manages the processes of transmitting and 
receiving frames of data over the network, thus off- 
loading the Host CPU of communication manage- 
ment tasks. The 82586 features an on-chip DMA 
controller which allows it to access the local memory 
though an efficient buffer chaining mechanism. Oth- 
er features of the 82586 are the ability to perform 
network management activities including error and 
collision tallies and diagnostic capabilities via the in- 
ternal and external loopback function. Control of the 
82586 is through high level commands ?uch as 
TRANSMIT and CONFIGURE. 
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All information passed between the 82586 and the 
Host board is made through shared local memory. 
The Host may load the memory with a command 
and prompt the 82586 to execute. While receiving a 
packet, the 82586 loads receive buffers in local 
memory and, after completing the reception, inter- 
rupts the Host board to indicate that a packet has 
been received. 



82C501 ETHERNET SERIAL 
INTERFACE 

Direct Interface to the 82586 LAN Coprocessor 
and Ethernet Transceiver 

Conforms to IEEE 802.3 10BASE5 (Ethernet) 
and IEEE 802.3 10BASE2 (Cheapernet) Specifi- 
cations 

— 10 Mb/s Serial Data Rate 

— Manchester Encoding/Decoding and Receive 
Clock Recovery 

— 10 MHz Transmit Clock Generation 

— Drives and Receives IEEE 802.3 AUI (Transceiv- 
er) Cable 

— Optional Watchdog Timer Prevents Babbling 

— Internal Diagnostic Loopback for Fault Detection 
and Isolation 

— Functionally Compatible with the SEEQ 8023A 

The 82C501 provides the Ethernet (IEEE 802.3 
10BASE5) or Cheapernet (IEEE 802.3 10BASE2) 
Serial Interface for the 82586 LAN Coprocessor. 
Major functions of the 82C501 include generation of 
the transmit and receive clock (10 MHz for Ethernet 
and Cheapernet), Manchester encoding/decoding 
of transmit and receive data, and interfacing the 
10BASE5 Access Unit Interface (AUI /Transceiver) 
cable. In addition, the 82C501 provides for fault iso- 
lation with internal diagnostic loopback. An on-chip 
watchdog timer prevents the station from locking up 
in the continuous transmit mode Qabber control). 



PC586E Specifications'' 

Software: — Network Software Drives are 

Currently Available for the Fol- 
lowing Applications: 

UNIX/TCP-IP 

Novell/Netware 

(Additional Drivers to be An- 
nounced) 

Hardware: —IBM PC, PC-XT, PC-AT and 

Compatible Systems 



Cable 

Connections: 

System 
Components: 



— DB-15 Connector (Ethernet) 

— BNC Connector (Cheapernet) 

— Intel 82586 LAN Coprocessor 

— Intel 82C501 Ethernet Serial 
Interface 

Memory Capacity: — Static RAM 1 6 Kbytes 

— General Address 

PROM 32 bytes 

— Bootable EPROM 8 Kbytes 



Memory Address 
Ranges: 



I.OCOOOOh- 

2. 0C8000h- 

3. ODOOOOh- 

4. 0D8000h- 

5. FOOOOOh- 

6. F40000h- 

7. F80000h- 

8. FCOOOOh- 



•0C7FFFh 
■OCFFFFh 
•0D7FFFh 
■ODFFFFh 
F3FFFFh 
F7FFFFh 
FBFFFFh 
-FFFFFFh 



Frequency: 

8-Bit PC Bus 
Frequency (Max.): 



■ Board Master Clock 24 MHz 
• 82586-6 6 MHz 



16-Bit AT Bus 
Frequency (Max.): 



• 4.77 MHz 

— 8 MHz 

— >8MHz 

— 8 MHz 

— 10 MHz 

— 12 MHz 



— >12MHz 
Voltage Limits: — + 5V Input ± 5% 

— +12V Input ±5% 

Current 
Requirements: 



0 Additional 
Wait-States 

0 Additional 
Wait-States 

Not Supported 

0 Additional 
Wait-States 

0 Additional 
Wait-States 

1 Additional 
Wait-States 

Not Supported 



Power Dissipation:- 

Temperature 
Range: 



■ +5V Input 

• + 12V Input 

■ Maximum 

■ Operating 

• Storage 



3.0A* 
300 mA* 
18.6W* 

0^*0 to +55°C 
0°Cto +70°C 
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DIMENSIONS (Not including Mounting Bracket) 

Length: 8.2 in. (20.8 cm) 
Height: 4.2 in. (10.7 cm) 
Width: 0.7 in. (1.8 cm) 
* Preliminary, subject to change 
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8251A 

PROGRAMMABLE COMMUNICATION INTERFACE 



■ Synchronous and Asynchronous 
Operation 

■ Synchronous 5-8 Bit Characters; 
Internai or Externai Character 
Synchronization; Automatic Sync 
Insertion 

■ Asynchronous 5-8 Bit Characters; 
Ciock Rate— 1, 16 or 64 Times Baud 
Rate; Breai( Character Generation; 1, 
V/2, or 2 Stop Bits; Faise Start Bit 
Detection; Automatic Breaic Detect and 
Handling 

■ Synchronous Baud Rate — DC to 64K 
Baud 



■ Asynchronous Baud Rate— DC to 19.2K 
Baud 

■ Fuii-Duplex, Double-Buffered 
Transmitter and Receiver 

■ Error Detection— Parity, Overrun and 
Framing 

■ Compatible with an Extended Range of 
Intel Microprocessors 

■ 28-Pin DIP Package 

■ All Inputs and Outputs are TTL 
Compatible 

■ Available in EXPRESS and i^iiitary 
Versions 



The Intel® 8251 A is the industry standard Universal Synchronous/Asynchronous Receiver/Transmitter 
(USART), designed for data communications with Intel's microprocessor families such as MCS-48, 80, 85, and 
iAPX-86, 88. The 8251 A is used as a peripheral device and is programmed by the CPU to operate using 
virtually any serial data transmission technique presently in use (including IBM "bi-sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream 
for transmission. Simultaneously, it can receive serial data streams and convert them into parallel data charac- 
ters for the CPU. The USART will signal the CPU whenever it can accept a new character for transmission or 
whenever it has received a character for the CPU. The CPU can read the complete status of the USART at any 
time. These include data transmission errors and control signals such as SYNDET, TxEMPTY. The chip is 
fabricated using Intel's high performance HMOS technology. 
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FEATURES AND ENHANCEMENTS 

The 8251 A is an advanced design of the industry 
standard USART, the Intel® 8251. The 8251 A oper- 
ates with an extended range of Intel microproces- 
sors and maintains compatibility with the 8251, Fa- 
miliarization time is minimal because of compatibility 
and involves only knowing the additional features 
and enhancements, and reviewing the AC and DC 
specifications of the 8251 A. 

The 8251 A incorporates all the key features of the 
8251 and has the following additional features and 
enhancements: 

• 8251 A has double-buffered data paths with sepa- 
rate I/O registers for control, status, Data In, and 
Data Out, which considerably simplifies control 
programming and minimizes CPU overhead. 

• In asynchronous operations, the Receiver de- 
tects and handles "break" automatically, reliev- 
ing the CPU of this task. 

• A refined Rx initialization prevents the Receiver 
from starting when in "break" state, preventing 
unwanted interrupts from a disconnected 
USART. 

• At the conclusion of a transmission, TxD line will 
always return to the marking state unless SBRK 
is programmed, 

• Tx Enable logic enhancement prevents a Tx Dis- 
able command from halting transmission until all 
data previously written has been transmitted. The 
logic also prevents the transmitter from turning 
off in the middle of a word. 

• When External Sync Detect is programmed. In- 
ternal Sync Detect is disabled, and an External 
Sync Detect status is provided via a flip-flop 
which clears itself upon a status read. 

• Possibility of false sync detect is minimized by 
ensuring that if double character sync is pro- 
grammed, the characters be contiguously detect- 
ed and also by clearing the Rx register to all ones 
whenever Enter Hunt command is issued in Sync 
mode. 

• As long as the 8251 A is not selected, the RD and 
WR do not affect the internal operation of the 
device. 

• The 8251 A Status can be read at any time but the 
status update will be inhibited during status read. 

• The 8251 A is free from extraneous glitches and 
has enhanced AC and DC characteristics, provid- 
ing higher speed and better operating margins. 

• Synchronous Baud rate from DC to 64K. 



FUNCTIONAL DESCRIPTION 



General 

The 8251 A is a Universal Synchronous/ Asynchro- 
nous Receiyer/Transmitter designed for a wide 
range of Intel microcomputers such as 8048, 8080, 
8085, 8086 and 8088. Like other I/O devices in a 
microcomputer system, its functional configuration is 
programmed by the system's software for maximum 
flexibility. The 8251 A can support most serial data 
techniques in use, including IBM "bi-sync". 

In a communication environment an interface device 
must convert parallel format system data into serial 
format for transmission and convert incoming serial 
format data into parallel system data for reception. 
The interface device must also delete or insert bits 
or characters that are functionally unique to the 
communication technique. In essence, the interface 
should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bus Buffer 

This 3-state bidirectional, 8-bit buffer is used to inter- 
face the 8251 A to the system Data Bus. Data is 
transmitted or received by the buffer upon execution 
of INput or OUTput instructions of the CPU. Control 
words. Command words and Status information are 
also transferred through the Data Bus Buffer. The 
Command Status, Data-in and Data-Out registers 
are separate, 8-bit registers communicating with the 
system bus through the Data Bus Buffer. 

This functional block accepts inputs from the system 
Control bus and generates control signals for overall 
device operation. It contains the Control Word Reg- 
ister and Command Word Register that store the 
various control formats for the device functional defi- 
nition. 



RESET (Reset) 

A "high" on this input forces the 8251 A into an 
"Idle" mode. The device will remain at "Idle" until a 
new set of control words is written into the 8251 A to 
program its functional definition. Minimum RESET 
pulse width is 6 tcv (clock must be running). 

A command reset operation also puts the device 
into the "Idle" state. 
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Figure 3. 8251 A Block Diagram Showing Data Bus Buffer and Read/ Write Logic Functions 
CLK (Clock) 



The CLK input is used to generate internal device 
timing and is normally connected to the Phase 2 
(TTL) output of the Clock Generator. No external in- 
puts or outputs are referenced to CLK but the fre- 
quency of CLK must be greater than 30 times the 
Receiver or Transmitter data bit rates. 



WR (Write) 

A "low" on this input informs the 8251 A that the 
CPU is writing data or control words to the 8251 A. 



RD (Read) 

A "low" on this input informs the 8251 A that the 
CPU is reading data or status information from the 
8251 A. 



C/D RD WR CS 




0 0 10 
0 10 0 
10 10 
110 0 
X 1 1 0 
XXXI 


8251 A DATA -> DATA BUS 
DATA BUS 8251 A DATA 
STATUS DATA BUS 
DATA BUS CONTROL 
DATA BUS 3-STATE 
DATA BUS 3-STATE 



C/D (Control/Data) 

This input, in conjunction with the WR and RD in- 
puts, informs the 8251 A that the word on the Data 
Bus is either a data character, control word or status 
information. 

1 = CONTROL/STATUS; 0 = DATA. 
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CS (Chip Select) 

A "low" on this input selects the 8251 A. No reading 
or writing will occur unless the device is selected. 
When CS is high , the Data Bus is in the float state 
and RD and WR have no effect on the chip. 



Modem Control 

The 8251 A has a set of control inputs and outputs 
that can be used to simplify the interface to almost 
any modem. The modem control signals are general 
purpose in nature and can be used for functions oth- 
er than modem control, if necessary. 



DSR (Data Set Ready) 

The DSR input signal is a general-purpose, 1 -bit in- 
verting input port. Its condition can be te sted b y the 
CPU using a Status Read operation. The DSR input 
is normally used to test modem conditions such as 
Data Set Ready. 



DTR (Data Terminal Ready) 

The DTR output signal is a general-purpose, 1-bit 
inverting output port. It can be set "low" by program- 
ming the appropriate bit in the Command Instruction 
word. The DTR output signal is normally used for 
modem control such as Data Terminal Ready. 



RTS (Request to Send) 

The RTS output signal is a general-purpose, 1-bit 
inverting output port. It can be set "low" by program- 
ming the appropriate bit in the Command Instruction 
word. The RTS output signal is normally used for 
modem control such as Request to Send. 



CTS (Clear to Send) 

A "low" on this input enables the 8251 A to transmit 
serial data if the Tx Enable bit in the Comm and b yte 
is set to a "one". If either a Tx Enable off or CTS off 
condition occurs while the Tx is in operation, the Tx 
will transmit all the data in the USART, written prior 
to Tx Disable command before shutting down. 



Transmitter Buffer 

The Transmitter Buffer accepts parallel data from 
the Data Bus Buffer, convjBrts it to a serial bit stream, 
inserts the appropriate characters or bits (based on 
the communication technique) and outputs a com- 
posite serial stream of da ta on the TxD output pin on 
the falling edge of TxC. The transmitter will begin 
transmission upon being enabled if CTS = 0. The 
TxD line will be held in the marking state immediate- 
ly upon a master Reset or when Tx Enable or CTS is 
off or the transmitter is empty. 



Transmitter Control 

The Transmitter Control manages all activities asso- 
ciated with the transmission of serial data. It accepts 
and issues signals both externally and internally to 
accomplish this function. 



TxRDY (Transmitter Ready) 

This output signals the CPU that the transmitter is 
ready to accept a data character. The TxRDY output 
pin can be used as an interrupt to the system, since 
it is masked by TxEnable; or, for Polled operation, 
the CPU can check TxRDY using a Status Read op- 
eration. TxRDY is automatically reset by the leading 
edge of WR when a data character is loaded from 
the CPU. 

Note that when using the Polled operation, the 
TxRDY status bit is not masked by TxEnable, but will 
only indicate the Empty/ Full Status of the Tx Data 
Input Register. 



TxE (Transmitter Empty) 

When the 8251 A has no characters to send, the 
TxEMPTY output will go "high". It resets upbn re- 
ceiving a character from CPU if the transmitter is 
enabled. TxEMPTY remains high when the transmit- 
ter is disabled. TxEMPTY can be used to indicate 
the end of a transmission mode, so that the CPU 
"knows" when to "turn the line around" in the half- 
duplex operational mode. 

In the Synchronous mode, a "high" on this output 
indicates that a character has not been loaded and 
the SYNC character or characters are about to be or 
are being transmitted automatically as "fillers". Tx 
EMPTY does not go low when the SYNC characters 
are being shifted out. 
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Figure 4. 8251 A Block Diagram Sliowing fVlodem and Transmitter Buffer and Control Functions 



TxC (Transmitter Clock) 

The Transmitter Clock controls the rate at which the 
character is to be transmitted. In the Synchronous 
transmission mode, the Baud Rate (1x) is equal to 
the TxC frequency. In Asynchronous transmission 
mode, the baud rate is a fraction of the actual TxC 
frequency. A portion of the mode instruction selects 



this factor; it can be 1 , 



For Example: 



L the TxC. 



If Baud Rate equals 1 1 0 Baud, 
TxC equals 110 Hz in the 1x mode. 
TxC equals 1.72 kHz in the 16x mode. 
TxC equals 7.04 kHz in the 64x mode. 

The falling edge of TxC shifts the serial data out of 
the 8251 A. 



Receiver Buffer 

The Receiver accepts serial data, converts this seri- 
al input to parallel format, checks for bits or charac- 
ters that are unique to the communication technique 
and sends an "assembled" character to the CPU. 
Serial data is inpu t to R xD pin, and is clocked in on 
the rising edge of RxC. 



Receiver Controi 

This functional block manages all receiver-related 
activities which consists of the following features. 

The RxD initialization circuit prevents the 8251 A 
from mistaking an unused input line for an active low 
data line in the "break condition". Before starting to 
receive serial characters on the RxD line, a valid "1 " 
must first be detected after a chip master Reset. 
Once this has been determined, a search for a valid 
low (Start bit) is enabled. This feature is only active 
in the asynchronous mode, and is only done once 
for each master Reset. 

The False Start bit detection circuit prevents false 
starts due to a transient noise spike by first detecting 
the falling edge and then strobing the normal center 
of the Start bit (RxD = low). 

Parity error detection sets the corresponding status 
bit. 

The Framing Error status bit is set if the Stop bit is 
absent at the end of the data byte (asynchronous 
mode). 
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RxRDY (Receiver Ready) 

This output indicates that the 8251 A contains a 
character that is ready to be input to the CPU. 
RxRDY can be connected to the interrupt structure 
of the CPU or, for polled operation, the CPU can 
check the condition of RxRDY using a Status Read 
operation. 

RxEnable, when off, holds RxRDY in the Reset Con- 
dition. For Asynchronous mode, to set RxRDY, the 
Receiver must be enabled to sense a Start Bit and a 
complete character must be assembled and trans- 
ferred to the Data Output Register. For Synchronous 
mode, to set RxRDY, the Receiver must be enabled 
and a character must finish assembly and be trans- 
ferred to the Data Output Register. 

Failure to read the received character from the Rx 
Data Output Register prior to the assembly of the 
next Rx Data character will set overrun condition er- 
ror and the previous character will be written over 
and lost. If the Rx Data is being read by the CPU 



when the internal transfer is occurring, overrun error 
will be set and the old character will be lost. 



RxC (Receiver Ciocic) 

The Receiver Clock controls the rate at which the 
character is to be received. In Synchronous Mode, 
th e Bau d Rate (1x) is equal to the actual frequency 
of RxC. In Asynchronous Mode, the Baud Rate is a 
fraction of the actual RxC frequency. A portion of the 
mode instruction selects this factor: 1 , Vie or Vba the 
RxC. 

For Example: 

Baud Rate equals 300 Baud, if 
RxC equals 300 Hz in the 1x mode; 
RxC equals 4800 Hz in the 16x mode; 
RxC equals 1 9.2 kHz in the 64x mode. 

Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz in the 1x mode; 
RxC equals 38.4 kHz in the 1 6 mode; 
RxC equals 153.6 kHz in the 64 mode. 



DATA 
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BUFFER 



RESET. 
CLK^ 

C/D_ 
RD_ 
WR_ 

CS. 
DTR- 

dtr^ 

CTS- 
RTS- 




READ/WRITE 
CONTROL 
LOGIC 
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CONTROL 



INTERNAL 
DATA BUS 



,TxD 



TRANSMIT 
CONTROL 



► TxRDY 

►TxEMPTY 



C 



_RxD 



p.RxRDY 

CM- RxC 

SYNDET/ 
BRKDET 
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Figure 5. 8251 A Block Diagram Showing Receiver Buffer and Controi Functions 
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Data is sampled into the 8251 A on the rising edge of 
RxC. 

NOTE: 

In most communication systems, the 8251 A will be 
handling both the transmission and reception oper- 
ations of a single link. Consequently, the Receive 
and Tran smit Baud Rates will be the same. Both 
TxC and RxC will require identical frequencies for 
this operation and can be tied together and con- 
nected to a single frequency source (Baud Rate 
Generator) to simplify the interface. 



SYNDET (SYNC Detect/ 
BRKDET Break Detect) 

This pin is used in Synchronous Mode for SYNDET 
and may be used as either input or output, program- 
mable through the Control Word. It is reset to output 
mode low upon RESET. When used as an output 
(ihternal Sync mode), the SYNDET pin will go "high" 
to indicate that the 8251 A has located the SYNC 



character in the Receive mode. If the 8251 A is pro- 
grammed to use double Sync characters (bi-sync), 
then SYNDET will go "high" in the middle of the last 
bit of the second Sync character. SYNDET is auto- 
matically reset upon a Status Read operation. 

When used as an input (external SYNC detect 
mode), a positive going signal will cause the 8251 A 
to start assembli ng da ta characters on the rising 
edge of the next RxC. Once in SYNC, the "high" 
input signal can be removed. When External SYNC 
Detect is programmed. Internal SYNC Detect is dis- 
abled. 



BREAK (Async Mode Only) 

This output will go high whenever the receiver re- 
mains low through two consecutive stop bit se- 
quences (including the start bits, data bits, and parity 
bits). Break Detect may also be read as a Status bit. 
It is reset only upon a master chip Reset or Rx Data 
returning to a "one" state. 



ADDRESS BUS 



CONTROL BUS 



I/O R I/O W RESET 



(ttlI 



DATA BUS 

7Y~ 



\7 



WR RESET CLK 
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Figure 6. 8251 A Interface to 8080 Standard System Bus 
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DETAILED OPERATION DESCRIPTION 



General 

The complete functional definition of the 8251 A is 
programmed by the system's software. A set of con- 
trol words must be sent out by the CPU to initialize 
the 8251 A to support the desired communications 
format. These control words will program the: BAUD 
RATE, CHARACTER LENGTH. NUMBER OF STOP 
BITS, SYNCHRONOUS or ASYNCHRONOUS OP- 
ERATION, EVEN/ODD/OFF PARITY, etc. In the 
Synchronous Mode, options are also provided to se- 
lect either internal or external character synchroni- 
zation. 

Once programmed, the 8251 A is ready to perform its 
communication functions. The TxRDY output is 
raised "high" to signal the CPU that the 8251 A is 
ready to receive a data character from the CPU. This 
output (TxRDY) is reset automatically when the CPU 
writes a character into the 8251 A. On the other 
hand, the 8251 A receives serial data from the MO- 
DEM or I/O device. Upon receiving an entire charac- 
ter, the RxRDY output is raised "high" to signal the 
CPU that the 8251 A has a complete character ready 
for the CPU to fetch. RxRDY is reset automatically 
upon the CPU data read operation. 

The 8251 A cannot begin transmission until the Tx 
Enable (Transmitter Enable) bit is set in the Com- 
mand Instr uction and it has received a Clear To 
Send (CTS) input. The TxD output will be held in the 
marking state upon Reset. 



Programming the 8251 A 

Prior to starting data transmission or reception, the 
8251 A must be loaded with a set of control words 
generated by the CPU. These control signals define 
the complete functional definition of the 8251 A and 
must immediately follow a Reset operation (internal 
or external). 

The control words are split into two formats: 

1. Mode Instruction 

2. Command Instruction 



Mode Instruction 

This instruction defines the general operational 
characteristics of the 8251 A. It must follow a Reset 
operation (internal or external). Once the Mode In- 
struction has been written into the 8251 A by the 
CPU, SYNC characters or Command Instructions 
may be written. 



Command Instruction 

This instruction defines a word that is used to control 
the actual operation of the 8251 A. 

Both the Mode and Command Instructions must 
conform to a specified sequence for proper device 
operation (see Figure 7). The Mode Instruction must 
be written immediately following a Reset operation, 
prior to using the 8251 A for data communication. 

Ail control words written into the 8251 A after the 
Mode Instruction will load the Command Instruction. 
Command Instructions can be written into the 8251 A 
at any time in the data block during the operation of 
the 8251 A. To return to the Mode Instruction format, 
the master Reset bit in the Command Instruction 
word can be set to initiate an internal Reset opera- 
tion which automatically places the 8251 A back into 
the Mode Instruction format. Command Instructions 
must follow the Mode Instruction or Sync characters. 



lUlode Instruction Definition 

The 8251 A can be used for either Asynchronous or 
Synchronous data communication. To understand 
how the Mode Instruction defines the functional op- 
eration of the 8251 A, the designer can best view the 
device as two separate components, one Asynchro- 
nous and the other Synchronous, sharing the same 
package. The format definition can be changed only 
after a master chip Reset. For explanation purposes 
the two formats will be isolated. 



C/D = 1 


MODE INSTRUCTION 


C/D = 1 


SYNC CHARACTER 1 


C/D = 1 


SYNC CHARACTER 2 


C/D = 1 


COMMAND INSTRUCTION 


C/D = 0 ^ 


; DATA ' 


C/D = 1 


COMMAND INSTRUCTION 


C/D = 0 ; 


: DATA ; 


C/D = 1 


COMMAND INSTRUCTION 



SYNC MODE 
ONLY ♦ 
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*The second sync character is skipped if mode instruction has 
programmed the 8251 A to single character sync mode. Both 
sync characters are skipped if mode instruction has programmed 
the 8251 A to async mode. 



Figure 7. Typical Data Biocic 



2-8 



8251A 



NOTE: 

When parity is enabled it is not considered as one 
of tlie data bits for the purpose of programming 
word length. The actual parity bit received on the 
Rx Data line cannot be read on the Data Bus. in 
the case of a programmed character length of less 
than 8 bits, the least significant Data Bus bits will 
hold the data; unused bits are "don't care" when 
writing data to the 8251 A, and will be "zeros" when 
reading the data from the 8251 A. 



Asynchronous Mode (Transmission) 

Whenever a data character is sent by the CPU the 
8251 A automatically adds a Start bit (low level) fol- 
lowed by the data bits (least significant bit first), and 
the programmed number of Stop bits to each char- 
acter. Also, an even or odd Parity bit is inserted prior 
to the Stop bit(s), as defined by the Mode Instruc- 
tion. The character is then transmitted as a serial 
data stream on the TxD output. The serial data is 
shifted out on the falling edgeof^TxC at a rate equal 
to 1, Vie, or that of the TxC, as defined by the 
Mode Instruction. BREAK characters can be contin- 
uously sent to the TxD if commanded to do so. 



When no data characters have been loaded into the 
8251 A the TxD output remains "high" (marking) un- 
less a Break (continuously low) has been pro- 
grammed. 



Asynchronous IVIode (Receive) 

The RxD line is normally high. A falling edge on this 
line triggers the beginning of a START bit. The validi- 
ty of this START bit is checked by again strobing this 
bit at its nominal center (1 6X or 64X mode only). If a 
low is detected again, it is a valid START bit, and the 
bit counter will start counting. The bit counter thus 
locates the center of the data bits, the parity bit (if it 
exists) and the stop bits. If parity error occurs, the 
parity error flag is set. Data and parity bits are sam- 
pled on the RxD pin with the rising edge of the RxC. 
If a low level is detected as the STOP bit the Fram- 
ing Error flag will be set. The STOP bit signals the 
end of a character. Note that the receiver requires 
only one stop bit, regardless of the number of stop 
bits programmed. This character is then loaded into 
the parallel I/O buffer of the 8251 A. The RxRDY pin 
is raised to signal the CPU that a character is ready 
to be fetched. If a previous character has not been 
fetched by the CPU, the present character replaces 
it in the I/O buffer, and the OVERRUN Error flag 



D7 




D5 


D4 


D3 


^1 




Do 


S2 


Si 


EP 


PEN 


•-2 


h 


B2 


B, 



BAUD RATE FACTOR 



0 


1 


0 


1 


0 


0 


1 


1 


SYNC 
MODE 


(IX) 


(16X) 


(64X1 



CHARACTER LENGTH 



0 


1 


0 


1 


0 


0 


1 


1 


5 

BITS 


6 

BITS 


7 

^ITS 


8 

BITS 



PARITY ENABLE 

1 = ENABLE 0 = DISABLE 

EVEN PARITY GENERATION/CHECK 
1 = EVEN 0 = ODD 



NUMBER OF STOP BITS 



0 


1 


0 


1 


0 


0 


1 


1 


INVALID 


1 

BIT 


BITS 


2 

BITS 



(ONLY AFFECTS Tx; Rx 
NEVER REQUIRES MORE 
THAN ONE STOP BIT) 
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Figure 8. Mode Instruction Format, Asynchronous i^ode 
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is raised (thus the previous character is lost). All of 
the error flags can be reset by an Error Reset In- 
struction. The occurrence of any of these errors will 
not affect the operation of the 8251 A. 



Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU 
sends its first character to the 8 251 A which usually 
is a SYNC character. When the CTS line goes low, 
the first character is serially transmitted out. All char- 
acters are shifted out on the falling edge of TxC. 
Data is shifted out at the same rate as the TxC. 



Once transmission has started, the data stream at 
the TxD output must continue at the TxC rate. If the 
CPU does not provide the 8251 A with a data charac- 
ter before the 8251 A Transmitter Buffers become 
empty, the SYNC characters (or character if in single 
SYNC character mode) will be automatically inserted 
in the TxD data stream. In this case, the TxEMPTY 
pin is raised high to signal that the 8251 A is empty 
and SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out 
(see figure below). The TxEMPTY pin is internally 
reset by a data character being written into the 
8251 A. 



TRANSMITTER OUTPUT 



TxD MARKING 



START 
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GENERATED 
DoDi Dx BY8251A 
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i f 
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DqDi 

t t 
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t t 



DATA BITS 
i J 



PARITY 
BIT 



1 

STOP 

BITS I 



TRANSMISSION FORMAT 



PROGRAMMED 
CHARACTER 
LENGTH 



CPU BYTE {5-8 BITS/CHAR) 
f J 



DATA CHARACTER 
H 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 



START 
BIT 



DATA CHARACTER 
ff 



PARITY 
BIT 



STOP 
BITS 




RECEIVE FORMAT 



START 
BIT 



SERIAL DATA INPUT (RxD) 
^ ) 



DATA CHARACTER 
^ f 



PARITY 
BIT 



STOP 
BITS 




CPU BYTE (5-8 BITS/CHAR)* 



DATA CHARACTER 
i i 
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*NOTE: 

If character length is defined as 5, 6, or 7 bits the unused bits are set to "zero". 



Figure 9. Asynchronous Mode 
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AUTOMATICALLY INSERTED BY USART 



TxD 



DATA 



DATA 



SYNC1 



SYNC 2 



DATA 



FALLS UPON CPU WRITING A 
CHARACTER TO THE USART 



NOMINAL CENTER OF LAST BIT 



Synchronous Mode (Receive) 

In this mode, character synchronization can be inter- 
nally or externally achieved. If the SYNC mode has 
been programmed, ENTER HUNT command should 
be included in the first command instruction word 
written. Data o n the RxD pin is then sampled on the 
rising edge of RxC. The content of the Rx buffer is 
compared at every bit boundary with the first SYNC 
character until a match occurs. If the 8251 A has 
been programmed for two SYNC characters, the 
subsequent received character is also compared; 
when both SYNC characters have been detected. 



the USART ends the HUNT mode and Is in charac- 
ter synchronization. The SYNDET pin is then set 
high, and is reset automatically by a STATUS READ. 
If parity is programmed, SYNDET will not be set until 
the middle of the parity bit instead of the middle of 
the last data bit. 

In the external SYNC mode, synchronization is 
achieved by applying a high level on the SYNDET 
pin, thus forcing the 8251 A out of the H UNT mode. 
The high level can be removed after one RxC cycle. 
An ENTER HUNT command has no effect in the 
asynchronous mode of operation. 



D7 


De 


D5 


D4 


D3 


D2 




Do 
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EP 


PEN 




Li 
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CHARACTER LENGTH 



0 


1 


0 


1 


0 


0 


1 


1 


5 


6 


7 


8 


BITS 


BITS 


BITS 


BITS 



PARITY ENABLE 
(1 = ENABLE) 
(0 = DISABLE) 



EVEN PARITY GENERATION/CHECK 
1 = EVEN 
0 = ODD 



EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
0- SYNDETIS AN OUTPUT 



SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0 = DOUBLE SYNC CHARACTER 



NOTE: 

In external sync mode, programming double character sync will affect only the Tx. 
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Figure 10. Mode Instruction Format, Synchronous Mode 
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Parity error and overrun error are both checked in 
the same way as in the Asynchronous Rx mode. 
Parity is checked when not in Hunt, regardless of 
whether the Receiver is enabled or not. 

The CPU can command the receiver to enter the 
HUNT mode if synchronization is lost. This will also 
set all the used character bits in the buffer to a 
"one," thus preventing a possible false SYNDET 
caused by data that happens to be in the Rx Buffer 
at ENTER HUNT time. Note that the SYNDET F/F is 
reset at each Status Read, regardless of whether 
internal or external SYNC has been programmed. 
This does not cause the 8251 A to return to the 
HUNT mode. When in SYNC mode, but not in 
HUNT, Sync Detection is still functional, but only oc- 
curs at the "known" word boundaries. Thus, if one 
Status Read indicates SYNDET and a second 
Status Read also indicates SYNDET, then the pro- 
grammed SYNDET characters have been received 
since the previous Status Read. (If double character 
sync has been programmed, then both sync charac- 
ters have been contiguously received to gate a SYN- 
DET indication). When external SYNDET mode is 
selected, internal Sync Detect is disabled, and the 
SYNDET F/F may be set at any bit boundary. 



COMMAND INSTRUCTION 
DEFINITION 

Once the functional definition of the 8251 A has 
been programmed by the Mode Instruction and the 



Sync characters are loaded (if in Sync Mode) then 
the device is ready to be used for data communica- 
tion. The Command Instruction controls the actual 
operation of the selected format. Functions such as: 
Enable Transmit/ Receive, Error Reset and Modem 
Controls are provided by the Command instruction. 

Once the Mode Instruction has been written into the 
8251 A and Sync characters inserted, of necessary, 
then all further "control writes" (C/D = 1) will load a 
Command Instruction. A Reset Operation (internal or 
external) will return the 8251 A to the Mode Instruc- 
tion format. 

NOTE: 

Internal Reset on Power-up: 

When power is first applied, the 8251 A may come up 
in the Mode, Sync character or Command format. To 
guarantee that the device is in the Command In- 
struction format before the Reset command is is- 
sued, it is safest to execute the worst-case Initializa- 
tion sequence (sync mode with two sync charac- 
ters). Loading^ three OOHs consecutively into the de- 
vice with C/D = 1 configures sync operation and 
writes two dummy OOH sync characters. An Internal 
Reset command (40H) may then be issued to return 
the device to the "idle" state. 



CPU BYTES (5-8 BITS/CHAR) 



DATA CHARACTERS 
< i 



SYNC 
CHAR 1 



ASSEMBLED SERIAL DATA OUTPUT (TxD) 
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Figure 11. Data Format, Synchronous Mode 
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De 


Db 


D4 


D3 


D2 


D, 


Do 


EH 


IR 


RTS 


ER 


SBRK 


RxE 


DTR 


TxEN 



TRANSMIT ENABLE 
1 = enable 
0 » disable 





DATA TERMINAL 




READY 




"high" will force DTR 




output to 2ero 



RECEIVE ENABLE 
1 = enable 
0 = disable 





SEND BREAK 




CHARACTER 




1 = forces TxD "low" 




0 = normal operation 



ERROR RESET 
1 = reset error flags 

PE. OE, FE 



REQUEST TO SEND 
"high" will force RTS 
output to zero 





INTERNAL RESET 

"high" returns 8251A to 
Mode Instruction Format 






ENTER HUNT MODE* 

1 ^ enable search for Sync 

Characters 





•(HAS NO EFFECT IN 
ASYNC MODE) 

NOTE: 

Error Reset must be perfornned whenever RxEnable and Enter Hunt are programmed. 



Figure 12. Command Instruction Format 



STATUS READ DEFINITION 

In data communication systems it Is often necessary 
to examine the "status" of the active device to as- 
certain If errors have occurred or other conditions 
that require the processor's attention. The 8251 A 
has facilities that allow the programmer to "read" 
the status of the device at any time during the func- 
tional operation. (Status update is Inhibited during 
status read.) 



A normal "read" command is issued by the CPU 
with C/D = 1 to accomplish this function. 

Some of the bits In the Status Read Format have 
Identical meanings to external output pins so that 
the 8251 A can be used In a completely polled or 
interrupt-driven environment. TxRDY is an excep- 
tion. 
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Note that status update can have a maximum delay of 28 clock periods from the actual event affecting the 
status. 
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D3 
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DSR 


SYNDET/ 
BRKDET 


FE 


OE 


PE 


TxEMPTY 


RxRDY 


TxRDY 



Notel 



SAME DEFINITIONS AS I/O PINS 



PARITY ERROR 
The PE flag is set when a parity 
error is detected It is reset by 
the ER bit of the Command 
Instruction PE does not inhibit 
operation of the 8251 A 



OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available 
It IS reset by the ER bit of the 
Command Instruction OE does 
not inhibit operation of the 8251 A 
however, the previously overrun 
character is lost 



FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit IS not detected at the 
end of every character It is reset 
by the ER bit of the Command 
Instruction FE does not inhibit 
the operation of the 8251 A 





DATA SET READY Indicates 




that the DSR is at a zero level 
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NOTE: 

1 . TxRDY status bit has different mea nings from the TxRDY output pin. The former is not conditioned by CTS and TxEN; 
the latter is conditioned by both CTS and TxEN. 

i.e. TxRDY status bit = DB Buffer Empty 

TxRDY pin out = DB Buffer Empty • (CTS = 0) • (TxEN = 1) 



Figure 13. Status Read Format 
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APPLICATIONS OF THE 8251A 
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Figure 14. Asynchronous Serial Interface to CRT Terminal, DC^9600 Baud 
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Figure 15. Synchronous Interface to Terminal or Peripheral Device 



2-15 



irteT 



8251A 



APPLICATIONS OF THE 8251 A (Continued) 
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Figure 16. Asynchronous Interface to Telephone Lines 
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Figure 17. Synchronous Interface to Telephone Lines 

NOTES: 

1. AC timings measured Vqh = 2.0 Vql = 0.8, and with load circuit of Figure 18. 

2. Chip Select (CS) and Command/ Data (C/D) are considered as Addresses. 

3. Assumes that Address is valid before Rp i ■ 

4. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between 
Writes for Asynchronous Mode is 8 tcv and for Synchronous Mode is 16 tcv- 

5. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, fjx or fpx <. 

1/(30 tcv): For 16x and 64x Baud Rate, fjx or fpx ^ 1/(4.5 tcv)- This applies to Baud Rates less than or equal to 64K Baud. 

6. Reset Pulse Width = 6 tcv minimum; System clock must be running during Reset. 

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 

8. In external sync mode the tes spec, requires the ratio of the system clook (clock) to receive or transmit bit ratios to be 
greater than 34. 

9. A float is defined as the point where the data bus falls below a logic 1 (2.0V @ Iqh li'^iit) or rises above a Logic 0 (0.8V @ 
loL limit). 
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ABSOLUTE MAXIMUM RATINGS' 

Ambient Temperature Under Bias 0°C to TO'^C 

Storage Temperature -65*'C to + 1 50°C 

Voltage on Any Pin 
with Respect to Ground -0.5V to + 7V 

Power Dissipation 1W 



D.C. CHARACTERISTICS Ta = 0''C to 70^, Vcc = 5.0V ±10%,GND = ov 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0,5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc 


V 




Vol 


Output Low Voltage 




0.45 


V 


lOL = 2.2 mA 


VOH 


Output High Voltage 


2.4 




V 


•oh = ~400 juA 


'OFL 


Output Float Leakage 




±10 


fxA 


VoUT = Vcc to 0.45V 


l|L 


Input Leakage 




±10 


juA 


ViN = Vcc to 0.45V 


'cc 


Power Supply Current 




100 


ma 


All Outputs = High 



CAPACITANCE Ta = 25°C, Vcc = GND = ov 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Conditions 




Input Capacitance 




10 


PF 


fc = 1 lyiHz 


C|/o 


I/O Capacitance 




20 


PF 


Unmeasured pins returned 
to GND 



A.C. CHARACTERISTICS Ta = o°C to 70°C. Vcc = 5.0V ±10%. GND = ov* 



Bus Parameters (Note i) 

READ CYCLE 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tAR 


Address Stable Before READ (CS, C/D) 


0 




ns 


(Note 2) 


tRA 


Address Hold Time for READ (CS, C/D) 


0 




ns 


(Note 2) 


tRR 


READ Pulse Width 


250 




ns 




tRD 


Data Delay from READ 




200 


ns 


3,Cl = 150 pF 


tDF 


READ to Data Floating 


10 


100 


ns 


(Note 1,9) 



WRITE CYCLE 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tAW 


Address Stable Before WRITE 


0 




ns 




tWA 


Address Hold Time for WRITE 


0 




ns 




tww 


WRITE Pulse Width 


250 




ns 




tow 


Data Set-Up Time for WRITE 


150 




ns 




twD 


Data Hold Time for WRITE 


20 




ns 




tRV 


Recovery Time Between WRITES 


6 




tCY 


(Note 4) 



2-17 



* Notice: Stresses above those listed under Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 
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A.C. CHARACTERISTICS (Continued) 



OTHE^ TIMINGS 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Conditions 


tcY 






i'^'=in 


nc 




t<^ 


Clock High Pulse Width 


120 


tcY-90 


ns 




t<^ 


Clock Low Pulse Width 


90 




ns 




tR. tp 


Clock Rise and Fall Time 




20 


ns 




tpTx 


TxD Delay from Falling Edge of TxC 




1 


juS 




fix 


Transmitter Input Clock Frequency 
IxBaud Rate 
16x Baud Rate 
64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




tjpw 


Transmitter Input Clock Pulse Width 
IxBaud Rate 
1 6x and 64x Baud Rate 


12 
1 




tCY 
tCY 




tjPD 


Transrriitter Input Clock Pulse Delay 
IxBaud Rate 
16x and 64x Baud Rate 


15 
3 




tCY 
tCY 






Receiver Input Clock Frequency 
IxBaud Rate 
16x Baud Rate 
64x Baud Rate 


DC 
DC 
DC 


64 
310 
615 


kHz 
kHz 
kHz 




tRPW 


Receiver Input Clock Pulse Width 

lA DdUU ndlc 

16x and 64x Baud Rate 


1 9 
1 ei 

1 




tcY 
tCY 




^RPD 


Qopoivor Inniit r^lnoW Piiico Dolsw 
ricucivc/l lM|JUl wlUv/i\ rUloc L/ddy 

IxBaud Rate 

16x and 64x Baud Rate 


15 
3 




tCY 
tCY 




tlxRDY 


TxRDY Pin Delay from Center of Last Bit 




14 


tCY 


(Note 7) 


tjxRDY CLEAR 


TxRDY i from Leading Edge of WR 




400 


ns 


(Note 7) 


*RxRDY 


RvRriY Pin Holflx/ frnm Hpntor nf 1 act RIt 






tcY 


^INUlC 1 ) 


^RxRDY CLEAR 


RyRDY 1 frnm I pfldina Friae nf RD 




400 


ns 


fNote 7^ 


tis 


Internal SYNDET Delay from Rising 
Edge of RxC 




26 


tCY 


(Note 7) 


tES 


External SYNDET Set-Up Time After 
Rising Edge of RxC 


16tcY 


tRPD-tCY 


ns 


(Note 7) 


tjxEMPTY 


TxEMPTY Delay from Center of Last Bit 




20 


tCY 


(Note 7) 


twc 


Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTS) 




8 


tCY 


(Note 7) 


tCR 


Control to READ Set-Up Time (DSR, CTS) 


20 




tCY 


(Note 7) 



*NOTE: 

For Extended Temperature EXPRESS, use MIL 8251 A electrical parameters. 
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inteT 
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A.C. CHARACTERISTICS (Continued) 

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) 



< 
-I 

Ui 

Q 
h- 
D 
a. 

O 



-10 























^SPEC. 













-100 -50 0 +50 +100 

^ CAPACITANCE (pF) 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



^2.0 2.0 

TEST POINTS <^ 
rO.8 0.8 
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AC Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 



8251 A 



-O OUT 



Cl = 150 pF 
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Figure 18 



WAVEFORMS 

SYSTEM CLOCK INPUT 





















CLOCK 0 
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TRANSMITTER CLOCK AND DATA 



TxC (IxMODE) 



tTPW 



tJPD - 



T^«'6«MODE, \Aj{/\AA/\f\I\Af\/\^^ 

--^^ X X Y 



> 
< 
m 
■n 

o 

cn 

o 

o 

3 



RECEIVER CLOCK AND DATA 



Rx DATA 



RxC(lxMODE) 



RxC (16 MODE) 



INT SAMPLING 
PULSE 



(Rx BAUD COUNTER STARTS HERE) 
START BIT 



8 RxC PERIODS 
(16xM0DE) 



DATA BIT 



-16 RxC PERIODS (16x MODE)- 



VAAAAAAAAAMAAAAAAAAAAAAAAA/WWWWVVV 



-3U 



X 



DATA BIT 
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WAVEFORMS (Continued) 

WRITE DATA CYCLE (CPU USART) 



TkRDY 



DATA IN (O.B.) 



J 



|U— ^tTKRDY CLEAR 



DON'T CARE 




two 



DATA STABLE 



DON'T CARE 



C/D 



C5 



tAW 



*tWA*| 
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READ DATA CYCLE (CPU ^ USART) 



Rd 



DATA OUT (O.B.) 



C/D 



"1 



1 



tRitROY CLEAR 
— tRR- 



3^ 



OATA FLOAT 



— ^ |-^tRD ► 

-^~DATA OUT ACTIVE 



tOF 
OATA FLOAT 



tRA 
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WAVEFORMS (Continued) 

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU USART) 



DTR. RTS 
(NOTE =1) 



DATA IN (D B ) 



, twc -J 
^ tww I, 



— tDW 



tAW 



two 



tWA 



tWA 



READ CONTROL OR INPUT PORT (CPU ^ USART) 



DSR, CTS 
(NOTE :t2) 



DATA OUT 
(D.B.) 



C/D 



CS 



3( 



tCR 



tAR 



tAR 



tRD 



NOTES: 

1. Twc includes the response timing of a control byte. 

2. TcR includes the effect of CTS on the TxENBL circuitry. 



tRA 
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TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 



Tx READY 
(STATUS BIT) 



Tx READY 
(PIN) 



Tx DATA 




Wr DATA 1 Wr DATA 2 

^ZZL 



\J — u — iKi:- 



Wr DATA 3 Wr DATA 4 



I \ 




DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 

Example Format = 7 Bit Character With Parity & 2 Stop Bits. 



5< 
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RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 



BR( AK DtTiCf 



n 



1 DATA % 
^ CHAR 2 f- 

LOS 

V- 



Rd DATA 



V 



DATA CHAR 1 DATA CHAR 2 DATA CHAR 1 



7 — \_ 




RkEm ErfR« 



Example Format = 7 Bit Character With Parity & 2 Stop Bits 



TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 



> 
< 

m 
■n 
O 

J3 



f\5 



Tx READY 
(STATUS BIT) 





H 


^ \ 1 ' 


\ 1 




1 


A 




— < 




< 


[ 


^ i 






1 ! 


'\ — , 

\ , 




< 


A . 


( 


— « 


/ 












\ 


/ 




\ 


f , 

/ 


\ 


/ 






Wr COMMAND 
SBRK 

^ U \L 




J 




Wr D 
CH/ 


ATA Wr t 
\R 1 CH 


JATA 
AR 2 




Wr C 

CH 


)ATA 
*R 3 


Wf I 
CH 


)ATA 
AR 4 






Wr COMMAND Wr 
SBRK Ch 


/ 

3 AT A 
AR 5 








y CHAR 1 


DATA 
I CHAR 2 


SYNC ^ \ 

CHAR 1 SYNC CHAR 2 


DATA V 
» CHAR 3 


OAIA 
I CHAR 




MARKING SPACING MARKINg\ 
STATE ir STATE STATE 


DATA 
CHAR b 


SYNC 

CHAR ITt 




PG)0QQ0QG)0GI 


J0Q00E 




7 \ V ^ 







CO 

o 

o 

3 



(D 
Q. 



Example Format = 5 Bit Character With Parity, 2 Sync Characters. 



RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 



SVNDE T (S Bl 



OVERRUN 
ERROR (S Bl 



Rk RDY (PIN) 



:d — 7 r 

fWrEH \_ 



DON T 
CARE 



SYNC SYNC 
CHAR 1 CHAR 2 



DATA 
CHAR 1 



Rd STATUS 



Rd DATA 
CHAR 1 



u/u/ 



DATA 
CHAR 2 



7"\_NOTE2__/t 



/datachah 2M 

-e' LOST ^ 



11 



tW 



Rd DATA 
CHAR 3 



DATA 
CHAR 3 



- CHAR ASSY BEGINS 

juiiinr 

4 EXIT HUNT MODE 

SET SYNC DET 



SYNC 
CHAR 1 



Rd SYNC 
CHAR 1 



If 



SYNC CHAR 2 



tES 



Rd STATUS 
Wr EH o 



DATA 
CHAR 1 



oil 121] 



juflir 



EXIT HUNT MODE 
SET SYN DET (STATUS BIT) 



/ 



DATA 
CHAR 2 



CHAR ASSY 
BEGINS 




SET SYNDET (STATUS BIT) 
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NOTES: 

1. Internal Sync, 2 Sync Characters, 5 Bits With Parity. 

2. External Sync, 5 Bits, With Parity. 



82050 

ASYNCHRONOUS COMMUNICATIONS CONTROLLER 



Asynchronous Operation 

— 5-to-8-Bit Character Format 

— Odd, Even or No Parity Generation 
and Detection 

— Baud Rate DC to 56K 

Programmabie, IG^Bit Baud Rate 
Generator 

System Clocic 

— On-chip Crystal Osciiiator 

— Externaily Generated Ciock 

28-Lead DiP and PLCC Paclcages 

IBM PC (INS 16450/8250A) Software 
Compatible 



Seven I/O Pins 

— Dedicated i\/lodem I/O 

— General Purpose I/O 

NO TTL Interface to Most Intel 
Processors 

Internal Diagnostics with Local 
Loopb^ck 

Complete Interrupt and Status 
Reporting 

CHMOS III Technology Provides 
Increased Reliability and Reduced 
Power Consumption 

Line Break Generation and Detection 



The Intel CHMOS 82050 Asynchronous Communications Controller is a low cost, higher performance alterna- 
tive to the INS 16450— it emulates the INS 16450 and provides 100% compatibility with IBM PC software. Its 
28-lead package provides all the functionality necessary for an IBM PC environment while substantially de- 
creasing board space. The 82050's simpler system interface reduces TTL glue— especially for higher frequen- 
cy PC bus designs. The 82050 is specifically designed to provide a low cost, high-performance integrated 
modem solution when combined with Intel's 89024 modem chip set. The compact 28-pin 82050 is fabricated 
using CHMOS III technology for decreased power consumption and increased reliability. 



A(2-0) <#- 
D(7-0) 4- 
INT 4- 
RESET — 
RD — 
WR — 
CS — 



CLKXI- 
X2- 



BUS 
INTER- 
FACE 
UNIT 





TxD 






REG 






RxD 






REG 





CRYSTAL 
OSCIL 



Tx MACHINE 



Rx MACHINE 



16X 
RxC 



16X 
TxC 



1 L 



BAUD RATE GENERATOR 



MODEM I/O 



-►TxD 



-RxD 
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Figure 1. Blocic Diagram 
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Order Number: 290137-002 
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82050 



INTC 5 



TXDC 
VSSC 
0UT2/X2C 
CLK/X1 C 

RiC 

DSRC 



n n n n n n n 

4 3 2 1 28 27 26 



O 



82050 



25 


□ DO 


24 


□ A2 


23 


□ A1 


22 


□ AO 


21 


□ vcc 


20 


□ rd 


19 


□ WR 



V 12 13 14 15 16 17 18 J 

uuuuuuu 
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Figure 2. PLCC Pinout 



04 C 


1 


^17- 


28 


□ D3 


05 C 


2 




27 


□ 02 


06 C 


3 




26 


□ D1 


07 C 


4 




25 


□ 00 


INTC 


5 




24 


□ A2 


TXDC 


6 




23 


□ A1 


VSSC 


7 


82050 


22 


□ AO 


0UT2/X2C 


8 


21 


□ vcc 


CLK/X1 C 


9 




20 


□ RD 


RiC 


10 




19 


□ WR 


DSRC 


11 




18 


□ cs 


DCDC 


12 




17 


□ RESET 


RXDC 


13 




16 


□ rts 


creC 


14 




15 


□ dtr 
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Figure 3. DIP Pinout 



82050 PINOUT DEFINITION 



oymDoi 


Pin 
No. 


Type 


iMame ana uescnpiion 


RESET 


17 


1 


RESET: A high on this input pin resets the 82050. 


CS 


18 


1 


CHiP SELECT: A low on this input pin enables the 82050 and allows 
read or write operations. 


A2-A0 


24-22 


1 


ADDRESS PINS: These inputs interface with three bits of the system 
address bus to select one of the internal registers for read or write. 


D7-D0 


1-4 
25-28 


I/O 


DATA BUS: Bi-directional, three state, 8-Blt Data Bus. These pins 
allow transfer of bytes between the CPU and the 82050. 


RD 


20 


1 


READ: A low on this input pin allows the CPU to read data or status 
bytes from the 82050. 


WR 


19 


1 


WRITE: A low on this input allows the CPU to write data or control 
bytes to the 82050. 


INT 


5 


0 


INTERRUPT: A high on this output pin signals an interrupt request to 
the CPU. The CPU may determine the particular source and cause of 
the interrupt by reading the 82050 status registers. 


CLK/X1 


9 


1 


MULTIFUNCTION: This input pin serves as a source for the internal 
system clock. The clock may be asynchronous to the serial clocks and 
to the processor clock. This pin may be used in one of two modes: 
CLK-in this mode an externally generated clock should be used to 
drive this input pin; XI -in this mode the clock is generated by a crystal 
to be connected between this pin (XI) and the X2 pin. (See system 
clock generation.) 


OUT2/X2 


8 


0 


i^ULTIFUNCTION: This is a dual-function pin which may be configured 
to one of the following functions: 0UT2— -a general purpose output pin 
controlled by the CPU is only available when the CLK/X1 pin is driven 
by an externally generated clock; X2— this pin serves as an output pin 
for the crystal oscillator. Note: The configuration of pin is done during 
hardware reset. For more details refer to the system clock generation. 
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82050 PINOUT DEFINITION (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Description 


TXD 


6 


0 


TRANSI\/IIT DATA: Serial data is transmitted via this output pin starting 
at the least significant bit. 


RXD 


13 


1 


RECEIVE DATA: Serial data is received on this input pin starting at the 
least significant bit. 


Rl 


10 


1 


RING INDICATION: Rl - Ring indicator— Input, active low. This Is a 
general purpose input accessible by the CPU. 


dTr 


15 


0 


DTR— DATA TERMINAL READY: Output, active low. This is a general 
purpose output pin controlled by the CPU. During hardware reset, this 
pin Is an input used to determine the system clock mode. (See System 
Clock Generation.) 


DSR 


11 


I/O 


DSR— DATA SET READY: Input, active low. This Is a general purpose 
input pin accessible by the CPU. 


rTs 


16 


0 


RTS— REQUEST TO SEND: Output, active low. This is a general 

niirnnctfi niitniit nin oontrnllprf hv thp f^PI J niirinn hjarHwarp rp<5Pt thi<5 

pin Is an input used to determine the system clock mode. (See system 
clock generation) 


CTS 


14 


1 


CLEAR TO SEND: Input active low. This is a general purpose Input pin 
accessible by the CPU. 


DCD 


12 


I/O 


DCD— DATA CARRIER DETECTED: Input, active low. This Is a 
general purpose input pin accessible by the CPU. 


VCC 


21 


p 


VCC: Device power supply. 


VSS 


7 


p 


VSS: Ground. 



SYSTEM INTERFACE 

The 82050 has a simple demultiplexed bus interface 
which consists of a bidirectional, three-state, 8-bit 
data bus and a 3-bit address bus. The Reset, Chip 
Select, Read, and Write pins, along with the Interrupt 
pin, provide the remaining signals necessary to Inter- 
face to the CPU. The 82050's system clock can be 
generated externally and provided through the CLK 
pin; or its on-chip crystal oscillator can be used by 
attaching a crystal to the XI and X2 pins. For com- 
patibility with IBM PC software, a system clock of 
18.432 MHz (with divide by two enabled) Is recom- 
mended. The 82050, along with a transceiver, ad- 
dress decoder, and a crystal, complete the interface 
to the IBM PC Bus. 



SYSTEM CLOCK OPTIONS 

The 82050 has two modes of system clock opera- 
tion. It can accept an externally generated clock, or 
use a crystal to internally generate its system clock 
by using the on-chip oscillator. 

The 82050 has an on-chip oscillator which can be 
used to generate its system clock. The oscillator will 
take the input from a crystal attached to the XI and 



CRYSTAL OSCILLATOR 




290137-4 

Parallel Resonant Crystal Freq. Max = 18.432 MHz 
(Divided by 2) 

Figure 4. Crystal Oscillator 

X2 pins. The oscillator frequency is divided by two 
before being inputted into the chip circuitry. If an 
18.432 MHz crystal is used, then the actual system 
clock frequency of the 82050 will be 9.216 MHz. 
Thi s mo de is cohfigured via a strapping option on 
the RTS pin. 

It is very important to distinguish between the clock 
frequency being supplied into the 82050 and the 
system clock frequency. The term system clock re- 
fers to the clock frequency being supplied to the 
82050 circuitry (divided or undivided). The following 
examples delineate the three options for clock us- 
age and their effect on the 82050 system clock as 
well as on the BRG source frequency: 
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1. Crystal Oscillator: (Maximum 18.432 MHz) 

— System Clock Frequency = Crystal 
Frequency/2 

— BRG Source Clock Frequency = Crystal 
Frequency/ 10 

2. External Clock (Divide by Two Enabled): 

(Maximum 18.432 MHz) 

— System Clock Frequency = External Clock 

Frequency/2 

— BRG Source Clock Frequency = External 
Clock Frequency/ 10 

3. External Clock (Divide by Two Disabled): 

(Maximum 9.216 MHz) 

— System Clock Freq. = External Clock Fre- 
quency 

— BRG Source Clock Freq. = External Clock 
Frequency/5 



NOTE: 

The use of the Divide by Two strapping option in 
the crsytal oscillator mode is forbidden. 



BAUD RATE GENERATION 

The 82050 has a programmable 16-bit Baud Rate 
Generator (BRG). The 16X baud rate Is generated 
by dividing the source clock with the divisor count 
from the BRG divisor registers (BAL, BAH). The 
BRG source clock is the 82050 system clock divided 
by five. If using an actual 82050 system clock of 
9.216 MHz, then the BRG source clock will be 9.216 
MHz/5 = 1.8432 MHz, which is compatible with the 
BRG source clock fed into the IBM PC serial port 
BRG. This allows the 82050, while using a faster 
system clock, to maintain full compatibility with soft- 
ware divisor calculations based on the 1 .8432 MHz 
clock used in the IBM PC. 



OPEN COLLECTOR 



RESET 



XI 


X2 
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Figure 5. Strapping 

During the power up or reset the RTS pin is an input; 
it is weakly pulled high internally and sampled by the 
falling edge of reset. If it is driven low externally, 
then the 82050 is configured for a crystal oscillator; 
otherwise an externally generated clock is expected. 



EXTERNALLY GENERATED SYSTEM 
CLOCK 




Figure 7. External Ciocic 

This is the default mode of system clock operation. 
The system clock is divided by two; however, the 
user may disable the di vide by two by a hardware 
strapping option on the DTR pin. Th e stra pping op- 
tion is similar to the one used on the RTS pin. 



RESET 

The 82050 can be reset by asserting the RESET pin. 
The RESET pin must be held high for at least 8 sys- 
tem clock cycles. If using crystal oscillator, a reset 
pulse at least 1 ms should be used to ensure oscilla- 
tor start up. Upon reset, all 82050 registers (except 
TXD and RXD) are returned to their default states. 
During reset, the 82050's system clock mode of op- 
eration is also selected by strapping options on the 
RTS and DTR pins (see system clock generation). 



INTERRUPTS 

The INT pin will go high, or active, whenever one of 
the following conditions occurs provided it is en- 
abled in the interrupt enable register (lER): 

a. Receive Machine Error or Break Condition 

b. Receive Data Available 

c. Transmit Data Register Empty 

d. Change in the State of the Modem Input Pins 

The INT pin will be reset (low) when the interrupt 
source is serviced. The Interrupt Identification Regis- 
ter (IIR) along with the Line Status Register (LSR) 
and the Modem Status Register (MSR) can be used 
to identify the source requesting service. The IIR 
register identifies one of the four conditions listed 
above. The particular event or status, which triggers 
the interrupt mechanism, can be identified by read- 
ing either the Line Status Register or the Modem 
Status register. If multiple interrupt sources become 
active at any one time, then highest priority interrupt 
source is reflected in the IIR register when the inter- 
rupt pin becomes active. Once the highest priority 
interrupt is serviced, then the next highest priority 
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(HIGHEST PRIORITY) 
Rx CONDITION 



INTERRUPT - 



Rx DATA AVAILABLE 
• Tx DATA REGISTER STATUS 



MODEM • 



(LOWEST PRIORITY) 



Rx PARITY ERROR 
OVERRUN ERROR 
BREAK DETECTED 
FRAMING ERROR 

DCD STATE CHANGE 
Rl STATE CHANGE 
DSR STATE CHANGE 
CTS STATE CHANGE 



Figure 8. Interrupt Structure 



Interrupt source is decoded into the IIR register; the 
whole procedure is repeated until there are no more 
pending interrupt sources. 



TRANSMIT 

The 82050 transmission mechanism involves the TX 
Machine and the TXD Register. The TX Machine 
reads characters from the TXD Register, serializes 
the bits, and transmits them over the TXD pin ac- 
cording to signals provided for transmission by the 
Baud Rate Generator. It also generates parity, and 
break transmissions upon CPU request. 



RECEIVE 

The 82050 reception mechanism involves the RX 
Machine and the RXD Register. The RX Machine 
assembles the incoming characters, and loads them 
onto the RXD Register. The RX Machine synchroniz- 
es the data, passes it through a digital filter to filter 
out spikes, and then uses three samples to generate 
the bit polarity. 



The falling edge of the start bit triggers the RX Ma- 
chine, which then starts sampling the RXD input (3 
samples). If the samples do not indicate a start bit, 
then a false start bit is determined and the RX Ma- 
chine returns to the start bit search mode. Once a 
start bit is detected, the RX Machine starts sampling 
for data bits. 

If the RXD input is low for the entire character time, 
including stop bits, then the RX Machine sets Break 
Detect and Framing Error bits in the Line Status 
Register (LSR). It loads a NULL character into the 
RXD register. The RX Machine then enters the idle 
state. When it detects a MARK it resumes normal 
operation. 



SOFTWARE INTERFACE 

Like other I/O based peripherals, the 82050 is pro- 
grammed through its registers to support a variety of 
functions. The 82050 register set is identical to the 
16450 register set to provide compatibility with soft- 
ware written for the IBM PC. The 82050 register set 
occupies eight addresses and includes control, 
status, and data registers. The three address lines 
and the Divisdr Latch Access Bit are used to select 
the 82050 registers. 
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REGISTER DESCRIPTION 



Register 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Acklress 


Default 


TxD 


Tx Data 
Bit? 


Tx Data 
Bite 


Tx Data 
Bits 


Tx Data 
Bit 4 


Tx Data 
Bit3 


Tx Data 
Bit 2 


Tx Data 
Bit1 


Tx Data 
BitO 


0 


— 


RxD 


Rx Data 
Bit? 


Rx Data 
Bite 


Rx Data 
Bits 


Rx Data 
Bit 4 


Rx Data 
Bits 


Rx Data 
Bit 2 


Rx Data 
Bit1 


Rx Data 
BitO 


0 


— 


BAL 


BRGA LSB Divide Count (DLAB = 1) 


0 


02H 


BAH 


BRGA MSB Divide Count (DLAB = 1) 


1 


OOH 


lER 


u 


u 


u 




Modem 

Interrupt 

Enable 


Rx Machine 

Interrupt 

Enable 


Tx Data 
Interrupt 
Enable 


Rx Data 
Interrupt 
Enable 


1 


OOH 


MR 


n 


n 


n 


n 
u 


n 
u 


MClive 

Interrupt 

Bit1 


MClive 

Interrupt 

BitO 


inierrupi 
Pending 


2 


01 H 


LCR 


DLAB 
Divisor 
Latch 
Access Bit 


Set 
Break 


Parity 
Mode 
Bit 2 


Parity 
Mode 
Bit1 


Parity 
Mode 
BitO 


Stop Bit 

Length 

BitO 


Character 

Length 

Bit1 


Character 

Length 

BitO 


3 


OOH 


MCR 


0 


0 


0 


Loopback 
Control Bit 


OUT2 

Complement 


0 


RTS 

Complement 


DTR 

Complement 


4 


OOH 


LSR 


0 


TxM 
Status 


TxD 
Empty 


Break 
Detected 


Framing 
Error 


Parity 
Error 


Overrun 
Error 


Rx Data 
Available 


5 


60H 


MSR 


DCD Input 
Inverted 


Rl Input 
Inverted 


DSR Input 
Inverted 


CTS Input 
Inverted 


State 
Change 
in DCD 


State (H ~> L) 

Change 

in Rl 


State 
Change 
in DSR 


State 
Change 
in CTS 


6 


OOH 


SCR 


Scratch-Pad Register 


? 


OOH 



Figure 9. Register Description Table 
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TRANSMIT DATA REGISTER (TXD) 

This register holds the next data byte to be transmit- 
ted. When the transmit shift register becomes emp- 
ty, the contents of the Transmit Data Register are 
loaded into the shift register and the Transmit Data 
Register Empty condition becomes true. 



D7 

D5^ 
D4^ 



5 4 3 2 1 



JEI 



DO 
D1 
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TXD— -Transmit Data Register 



BRG DIVISOR LOW BYTE (BAL) 

This register contains the least significant byte of the 
Baud Rate Generator's 16-bit divisor. This register is 
accessible only when the DLAB bit is set in the LCR 
register. 



Em 



4 3 2 1 



D7 
D6 4- 
D5 4- 
04 4- 



BAL— BRG Divisor Low Byte 



—►DO 
— ►Dl 
— ^02 
— ►DS 
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RECEIVE DATA REGISTER (RXD) 

This register holds the last character received by the 
RX Machine. The character is right justified and the 
leading bits are zeroed. Reading the register emp- 
ties the register and resets the Received Character 
Available condition. 



4 3 



D7 4- 
D6 4- 



D4^ 



L-^DO 



-►Dl 
-►►D2 



-►D3 
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RXD— Receive Data Register 



BRG DIVISOR HIGH BYTE (BAH) 

This register contains the most significant byte of 
the Baud Rate Generator's 16-bit divisor. This regis- 
ter is accessible ony when the DLAB bit is set in the 
LCR register. 



D7 
D6 4- 
D5 4- 
04 4- 



CE: 



DO 
Dl 
-►D2 
-►D3 



BAH— BRG Divisor Higii Byte 
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INTERRUPT ENABLE REGISTER (lER) 

This register enables four types of interrupts which independently activate the INT pin. Each of the four 
interrupt types can be disabled by resetting the appropriate bit of the lER register. Similarly by setting the 
appropriate bits, selected interrupts can be enabled. If all interrupts are disabled, then the interrupt requests 
are inhibited from the MR register and the INT pin. All other functions, including Status Register and the Line 
Status Register bits continue to operate normally. 



RESERVED 



EI 



6 5 4 3 2 



RXDA-RXDATA INTERRUPT ENABLE 
¥ TXDE-TXDATA EMPTY ENABLE 
^ RXIE-RX INTERRUPT ENABLE 
^ MIE- MODEM INTERRUPT ENABLE 



lER— Interrupt Enable Register 
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MIE— MODEM Interrupt Enable 
RXIE— RX Machine Interrupt Enable 
TXDE— TX Data Register Empty 
RXDA— RX Data Available 



INTERRUPT IDENTIFICATION REGISTER (IIR) 

This register holds the highest priority enabled and active interrupt request. The source of the interrupt request 
can be identified by reading bits 2-1 . 



RESERVED 



4 — 



5 4 3 



IPN -INTERRUPT PENDING 



-^BOl 
-►Bl] 



ACTIVE 
INTERRUPT 



RESERVED 
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IIR— Interrupt Identification Register 



B1, BO— Interrupt Bits, 2-1. These two bits reflect the highest priority, enabled and pending interrupt request. 
11: RX Error Condition (Highest Priority) 
10: RX Character Available 
01: TXD Register Empty 
00: Modem Interrupt (Lowest Priority) 

IPN— Interrupt Pending— This bit is active low, and indicates that there is an interrupt pending. The interrupt 
logic asserts the INT pin as soon as this bit goes active (NOTE: the IIR register is continuously updated; so 
while the user is serving one interrupt source, a new interrupt with higher priority may enter IIR and replace the 
older interrupt vector). 
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LINE CONTROL REGISTER (LCR) 

This is a read/write register which defines the basic configuration of the serial link. 



DLAB ^ 
SBK-SET BACK 

' PM2 4- 



PARITY 



PM1 4- 
PMO 4- 



6 5 4 3 2 1 



CLO 

, CLI 



CHARACTER 
LENGTH 



SBLO-STOP BIT LENGTH 



LCR-Line Configure Register 
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DLAB— Divisor Latch Access Bit— This bit, when set, allows access to the Divisor Count Registers BAL and 
BAH. 

SBK — Set Brealc— This will force the TXD pin low. The TXD pin will remain low until this bit is reset. 

Pl\/I2 — PIWIO— Parity Mo6e Bits— These three bits are used to select the various parity modes of the 82050. 



pm 


PM2 


PM1 


Function 


0 


X 


X 


No Parity 


1 


0 


0 


Odd Parity 


1 


0 


1 


Even Parity 


1 


1 


0 


High Parity 


1 


1 


1 


Low Parity 


1 


X 


X 


Software Parity 



SBL— Stop Bit Length— This bit defines the Stop Bit lengths for transmission. The RX Machine can identify 
3/4 stop bit or more. 



SBL 


Character Length 


Stop Bit Length 


0 


X 


1 


1 


5-Bit 


1 1/2 


1 


(6, 7, or 8-Bit) 


2 



CLO — CL1— Character Length— These bits define the character length used on the serial link. 



CL1 


CLO 


Character Length 


0 


0 


5 Bits 


0 


1 


6 Bits 


1 


0 


7 Bits 


1 


1 


8 Bits 
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LINE STATUS REGISTER (LSR) 

This register holds the status of the serial link. When read, all bits of the register are reset to zero. 



4 3 



RESERVED 
TXST-TX MACHINE STATUS ^ 
TXDE-TXD EMPTY 4- 
BKD- BREAK DETECTED 4- 



r 



L-^ RXDA- RX DATA AVAILABLE 



OE- OVERRUN ERROR 
PE- PARITY ERROR 



FE- FRAMING ERROR 
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LSR— Line Status Register 



RXDA— -RX Data Available— -This bit, indicates that the RXD register has data available for the CPU to read. 
OE— Overrun Error— Indicates that a received character was lost because the RXD register was not empty. 
PE Parity Error— Indicates that a received character had a parity error. 
FE — Framing Error — Indicates that a received character had a framing error. 

BkD— Break Detected— This bit indicates that a break condition was detected, i.e., RxD input was held low 
for two character times. 

TXDE-TXD Empty— This indicates that the 82050 is ready to accept a new character for transmission. In 
addition, this bit causes an interrupt request to be generated if the TXD register Empty interrupt is enabled. 

TXST— TX Machine Status— When set, this bit indicates that the TX Machine is Empty, i.e., both the TXD 
register and the TX Shift Register are empty. 



MODEM CONTROL REGISTER (MCR) 

This register controls the modem output pins. All the outputs invert the data, i.e., their output will be the 
complement of the data written into this register. 



6 5 



RESERVED 



LC ^ 



DTR 
-►RTS 

RESERVED 



-►0UT2 



MCR — Modem Control Register 
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LC— Loopback Control— This bit puts the 82050 into a Local Loopback mode. 



OUT2 — 0UT2 Output— This bit controls the 0UT2 pin. The output signal is the complement of this bit. 

NOTE: 

This bit is only effective when the 82050 is being used with an externally generated clock. 

RTS— RTS Output Bit— This bit controls the RTS pin. The output signal is the complement of this bit. 

DTR— DTR Output Bit— This bit controls the DTR pin. The output signal is the complement of this bit. 

MODEM STATUS REGISTER (MSR) 

This register holds the status of the modem input pins (CTS, DCD, DSR, Rl). It is the source of Modem 
interrupts (bits 3-0) when enabled in the lER register. If any of the above input pins change levels, then the 
appropriate bit in MSR is set. Reading MSR will clear the status bits. 



COMPLEMENT DCD 4- 
COMPLEMENT Rl <- 
COMPLEMENT DSR 4- 
COMPLEMENT CTS 



6 5 4 3 2 



STATE CHANGE CTS 
STATE CHANGE DSR 



(H— >L) Rl 
STATE CHANGE DCD 



MSR— Mode Status Register 



290137-17 



DCDC— DCD Compiement— Holds the complement of the DCD pin. 
DRIC— Rl Complement— Holds the complement of the Rl pin. 
DSRC— DSR Complement— Holds the complement of the DSR pin. 
CISC— CTS Complement— Holds the complement of the CTS pin. 

DDCD— Delta DCD— Indicates that the DCD pin has changed state since this register was last read. 
DRI— Delta Rl— Indicates that the Rl pin has changed state from high to low since this register was last read. 
DDSR— Delta DSR— Indicates that the DSR pin has changed state since this register was last read. 
DOTS— Delta CTS— Indicates that the CTS pin has changed state since this register was last read. 

SCRATCHPAD REGISTER (SCR) 

The 8-bit Read/Write register does not control the ACC. It is intended as a scratch pad register for use by the 
programmer. 
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SPECIFICATIONS ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias 0''Cto70*'C 

D.C. SPECIFICATIONS Storage Temperature -65*'C to + 1 50°C 

Voltage on any Pin (w.r.t. Vss • -0.5V to Vcc + 0-5V 

Voltage on Vcc P«n (w.r.t. Vss) -0.5V to + 7V 

Power Dissipation 300 mW 



D-C, CHARACTERISTICS (Ta = O'' TO 70°c. Vcc = 5V ± 10%) 



Symbol 


Parameter 


Notes 


Min 


Max 


Units 




Input Low Voltage 


(1) 


-0.5 


0.8 


V 


V|H 


Input High Voltage 


(1). (7) 


2.0 


Vcc 

+ 0.5 


V 


Vol 


Output Low Voltage 


(2). (9) 




0.45 


V 


VOH 


Output High Voltage 


(3), (9) 


2.4 




V 


Ili 


Input Leakage Current 


(4) 




±10 


jLlA 


Ilo 


3-State Leakage Current 


(5) 




±10 


JLtA 


'OHR 


Input High forOTRRTS 


(10) 




0.4 


mA 


'OLR 


Input Low for DTR, pRTS 


(10) 


11 




mA 


LXTAL 


X1,X2 Load 






10 


pF 


'cc 


Power Supply Current 


(6) 




3.8 
35 


mA/MHz 
mA (max) 


Qn 


Input Capacitance 


(8) 


10 




pF 




I/O Capacitance 


(8) 


10 


PF 





NOTES: 

1. Does not apply to CLK/X1 pin, when configured as crystal oscillator input (X1). 

2. @ Iqi = 2 mA. 

3- @ loh = -0-4 mA. 

4. 0 < Vin < Vcc. 

5. 0.45V < Vout < (Vcc " 0.45). 

6. Vcc = 5.5V; V,lj2 0-5V (max); Vjh = Vcc " 0-5V (min); Iqi = loh = 0; 9.2 MHz (max). 

7. V|H = 2.4V on RD and RXD pins. 

8. Freq = 1 MHz. 

9. Does not apply O UT2/X2 pin , when configured as crystal oscillator output (X2). 

10. Input current for DTR, RTS pins during Reset for Clock Mode Configuration. 
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A.C. SPECIFICATIONS 

Testing Conditions: 

• All AC output parameters are under output load 
of 20 to 100 pF, unless othenA^ise specified. 

• AC testing inputs are driven at 2.4 for logic '1', 
and 0.45V for logic *0'. Output timing measure- 
ments are made at 1 .5V for both a logical '0' and 
•1'. 

• In the following tables, the units are ns, unless 
othenA^ise specified. 



System Interface Specification— System Clock 
Specification: 

The 82050 system clock is supplied via the CLK pin 
or generated by on-chip crystal oscillator. The clock 
is optionally divided by two. The CLK parameters are 
given separately for internal divide-by-two option 
ACTIVE and INACTIVE. 

The system clock (after division by two, if active) 
must be at least 16X the Tx or Rx baud rate (the 
faster of the two). 



SYSTEM CLOCK SPECIFICATIONS 



Symbol 


Parameter 


MIn 


Max 


Notes 


DIVIDE BY TWO OPTION— ACTIVE 


Tcy/2 


CLK Period 


54 


250 


(2) 


TCLCH 


CLK Low Time 


25 






TCHCL 


CLK High Time 


25 






TCH1CH2 


CLK Rise Time 




10 


(1) 


TCL2CL1 


CLK Fall Time 




10 


(1) 


FXTAL 


External Crystal 
Frequency Rating 


4.0 


18.432 
MHz 




DIVIDE BY TWO OPTION— INACTIVE 


Toy 


CLK Period 


108 






TCLCH 


CLK Low Time 


54 






TCHCL 


CLK High Time 


44 


250 




TCH1CH2 


CLK Rise Time 




15 


(1) 


TCL2CL1 


CLK Fall Time 




15 


(1) 



NOTES: 

1 . Rise/fall times are measured between 0.8 and 2.0V. 

2. Tcy in ACTIVE divide by two option is TWICE the input 
clock period. 



RESET SPECIFICATION 



Symbol 


Parameter 


Min 


Max 


Notes 


TRSHL 


Reset Width— CLK/X1 Configured to CLK 


8 Tcy 




(1) 


TTLRSL 


RTS/DTR LOW Setup to Reset Inactive 


6 Tcy 




(2) 


TRSLTX 


RTS/DTR Low Hold after Reset Inactive 


0 


Tcy - 20 


(2) 



RESET 



- TRSHL - 





mRSL— 


-•—TRSLTX— 




DTR/RTS \ 




.J 





290137-18 

NOTES: 

1. In case of CLK/X1 configured as XI, additional time is required to guarantee crystal oscillator wake-up. 

2. RTS/DTR are internally driven HIGH during RESET active time. The pin should be either left OPEN or externally 
driven LOW during RESET according to the required configuration of the system clock. These parameters specify the 
timing requirements on. these pins, in case they are externally driven LOW during RESET. The maximum spec on 
TRSLTX requires that the RTS/DTR pins not be forced later than TRSLTX maximum. 
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READ CYCLE SPECIFICATIONS 



Symbol 


Parameter 


Min 


Max 


Notes 


TRLRH 


RD Active Width 


2 Toy + 65 






TAVRL 


Address/CS Setup Time to RD Active 


7 






TRHAX 


Address/CS Hold Time after RD Inactive 


0 






TRLDV 


Data Out Valid after RD Active 




2Tcy + 65 


(1) 


TCIAD 


Command Inactive to Active Delay 


Toy + 15 




(2) 


TRHDZ 


Data Out Float Delay after RD Inactive 




40 





NOTES: 

1. C1 = 20pFto100pF. 

2. Command refers to either Read or Write signals. 



RD 



A2-0 CS 



TAVRL 



-TRLRH- 



VALID 



TRLDV 



D7-0 • 



■ TCrAD - 



VALID 



TRHDZ 



JT 



VALID 
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WRITE CYCLE SPECIFICATION 



Symbol 


Parameter 


Min 


Max 


Notes 


TWLWH 


WR Active Width 


2Tcy + 15 






TAVWL 


Address CS Setup Time to WR Active 


7 






TWHAX 


Address and CS Hold Time after WR 


0 






TDVWH 


Data in Setup Time to WR Inactive 


90 






TWHDX 


Data in Hold Time after WR Inactive 


12 







WR 



-^TWLWH - 



A2-0 CS 



TAVWL 



% J( — A 



VALID 



TDVWH 



D7-0 • 



TCIAD 
TWHAX 



I TWHDX 



VALID 



RD- 



jr 



VALID 



TCIAD -H 



2-39 



82510 

ASYNCHRONOUS SERIAL CONTROLLER 



Asynchronous Operation 

— 5- to 9-Bit Character Format 

— Baud Rate DC to 2SBk 

— Complete Error Detection 

Multiple Sampling Windows 

Two, Independent, Four-Byte Transmit 
and Receive FIFOs 

— Programmable Threshold 

Two, 16-bit Baud Rate Generators/ 
Timers 

System Clock Options 

— On-Chip Crystal Oscillator 

-— External Clocks, Low/High Speed 



MCS-51 9-Bit Protocol Support 

IBM PC AT® (INS 8250A/16450®) 
Software Compatible 

Control Character Recognition 

CHMOS III with Power Down Mode 

Interrupts Maskable at Two Levels 

Auto Echo and Loopback Modes 

Seven I/O Pins, Dedicated and General 
Purpose 

28-Lead DIP and PLCC Packages 

(See Packaging Spec, Order #: 231369) 



The Intel CHMOS 82510 is designed to increase system efficiency in asynchronous environments such as 
modems, serial ports— including expanding performance areas: MCS-51 9-bit format and high speed async. 
The functional support provided in the 8251 0 is unparalleled— 2 baud rate generators/timers provide indepen- 
dent data rates or protocol timeouts; a crystal oscillator and smart modem I/O simplify system logic. New 
features, dual FIFOs and Control Character Recognition (CCR), dramatically reduce CPU interrupts and in- 
crease software efficiency. The 8251 0's software versatility allows emulation of the INS8250A/16450® for 
IBM PC AT® compatibility or a high performance mode, configured by 35 control registers. All interrupts are 
maskable at 2 levels. The multi-personality I/O pins are configurable as desired. A DPLL and multiple sampling 
of serial data improve data reliability for high speed asynchronous communication. The compact 28-pin 82510 
is fabricated in CHMOS III technology and Includes a software powerdown option. 



A(2-0)- 
D(7-0) < 



RESET- 



BUS 
INTERFACE 
UNIT 



INTERNAL BUS 



SERIAL MODULE 



TX 
FIFO 



TX 
MACHINE 



RX 
FIFO 



RX 
MACHINE 



I t t t 

T-RTS 16X 16X 



-CTS RXC TXC 



IX 
RXC 



IX 
TXC 



TIMING 
BLOCK 
(BRGS. SYS CLOCK) 



MODEM 
INTERFACE 
MODULE 



• RXD 



CLK/X1 

6DT1/X2 

Rl/SCLK 

t5SR/TA/(5DTi5 

B2n5/ICLK/5Dri 

► CTR/TB 

► RT? 
-CTS 
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Figure 1. Block Diagram 
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o o o o o a a 

n n n n n n n 

4 3 2 1 28 27 26 



INTC 5 
TXDC 6 
VSSC 7 
OiTf2/X2 q 8 
CLK/X1 I 
Ri/SCLKCj 10 
DSRAA/OUTO C 



O 



12 13 14 15 16 17 18 

u u u u u u u 

|5ilS^ISi«3 

I 



□ DO 

□ A2 

□ A1 
AO 

□ VCC 

□ Rd 

3WR 



290116-2 













D4C 


1 




28 


3D3 


DSC 


2 




27 


3 02 


D6C 


3 




26 


DDI 


D7C 


4 




25 


□ DO 


INTC 


5 




24 


□ A2 


TXDC 


6 




23 


□ ai 


VSSC 


7 


82510 


22 


□ AO 


0UT2/X2C 


8 


21 


□ vcc 


CLK/X1 C 


9 




20 


□ RD 


RI/SCLK C 


10 




19 


□ WR 


DSR/TA/OUTO C 


11 




18 


□ cs 


DCD/ICLK/OUTi C 


12 




17 


□ RESET 


RXDC 


13 




16 


□ R^ 


5TSC 


14 




15 


□ dtr/tb 



Figure 2. PLCC Pinout 



Figure 3. DIP Pinout 



82510 PI 


MOU1 


r DEFINITION 


Symboi 


Pin 
No. 


Type 


Name and Description 


RESET 


17 


1 


RESET: A high on this input pin resets the 82510 to the Default Wake-up mode. 


CS 


18 


1 


CHIP SELECT: A low on this input pin enables the 8251 0 and allows read or 
write operations. 


A2-A0 


24- 
22 


1 


ADDRESS PINS: These inputs interface with three bit^ of the System Address 
Bus to select one of the internal registers for read or write. 


D7-D0 


4* 
25 


I/O 


DATA BUS: Bi-directional, three state, eight-bit Data Bus. These pins allow 
transfer of bytes between the CPU and the 8251 0. 


RD 


20 


1 


READ: A low on this input pin allows the CPU to read Data or Status bytes from 
the 82510. 


WR 


19 


1 


WRITE: A low on this input allows the CPU to write Data or Control bytes to the 
82510. 


INT 


5 


0 


INTERRUPT: A high on this output pin signals an interrupt request to the CPU. 
The CPU may determine the particular source and cause of the interrupt by 
reading the 82510 Status registers. 


CLK/X1 


9 


1 


i^lULTIFUNCTION: This input pin serves as a source for the internal system 
clock. The clock may be asynchronous to the serial clocks and to the processor 
clock. This pin may be used in one of two modes: CLK in this mode an 
externally generated TTL compatible clock should be used to drive this input pin; 
XI — In this mode the clock is internally generated by an on-chip crystal 
oscillator. This mode requires a crystal to be connected between this pin (XI) 
and the X2 pin. (See System Clock Generation.) 


OUT2/X2 


8 


0 


MULTIFUNCTION: This is a dual function pin which may be configured to one of 
the following functions: 0UT2 — a general purpose output pin controlled by the 
CPU, only available when CLK/X1 pin is driven by an externally generated clock; 
X2 - this pin serves as an output pin for the crystal oscillator. Note: The 
configuration of the pin is done only during hardware reset. For more details 
refer to the System Clock Generation. 


TXD 


6 


0 


TRANSMIT DATA: Serial data Is transmitted via this output pin starting at the 
Least Significant bit. 



*Pins 28-25 and Pins 4-1. 
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82510 PINOUT DEFINITION (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Description 


RXD 


13 


1 


RECEIVE DATA: Serial data is received on this input pin starting at the Least 
Significant bit. 


RI/SCLK 


10 


1 


MULTIFUNCTION: Thisjs a dual function pin which can be configured to one of 
the following functions. Rl - Ring Indicator - Input, active low. This is a general 
purpose input pin accessible by the CPU. SCLK - This input pin may serve as a 
source for the internal serial clock(s), RxClk and/or TxClk. See Figure 12, BRG 
sources and outputs. 


DTR/TB 


15 


0 


MULTIFUNCTION: This is a dual function pin which may be configured to one of 
the following functions. DTR - Data Terminal Ready. Output, active low. This is a 
general purpose output pin controlled by the CPU. TB - This pin outputs the 
BRGB output signal when configured as either a clock generator or as a timer. 
When BRGB is configured as a timer this pin outputs a "timer expired pulse." 
When BRGB is configured as a clock generator it outputs the BRGB output 
clock. 


DSR/TA/ 
OUTO 


11 


I/O 


MULTIFUNCTION: This is a multifunction pin which may be configured to one of 
the following functions. DSR - Data Set Ready. Input, active low. This is a 
general purpose input pin accessible by the CPU. TA - This pin is similar in 
function to pin TB except it outputs the signals from BRG A instead of BRGB. 
OUTO - Output pin. This is a general purpose output pin controlled by the CPU. 


rTs 


16 


0 


REQUEST TO SEND: Output pin, active low. This is a general purpose output 
pin controlled by the CPU. In addition, in automatic transmission mode this pin, 
along with CTS, controls the transmission of data. (See Transmit modes for 
further detail.) During hardware reset this pin is an input. It is used to determine 
the System Clock Mode. (See System Clock Generation for further detail.) 


CTS 


14 


I 


CLEAR TO SEND: Input pin, active low. In automatic transmission mode it 
directly controls the Transmit Machine. (See transmission mode for further 
details.) This pin can be used as a General Purpose Input. 


DCD/ICLK/ 
0UT1 


12 


I/O 


MULTIFUNCTION: This is a multifunction pin which may be configured to one of 
the following functions. DCD - Data Carrier Detected. Input pin, active low. This 
is a general purpose input pin accessible by the CPU. ICLK - This pin is the 
output of the internal system clock. 0UT1 - General purpose output pin. 
Controlled by the CPU. 


Vcc 


21 


p 


Vcc"- Device power supply. 


Vss 


7 


p 


Vss: Ground. 



Table 1. Multifunction Pins 



Pin # 


I/O 


Timing 


Modem 


8 


*0UT2 


X2 




9 




*CLK/X1 




10 




SCLK 


*RI 


11 


OUTO 


TA 


*D§R 


12 


0UT1 


ICLK 


*DCD 


14 






*CTS 


15 




TB 


*dTr 


16 






*RTS 



♦Default 
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GENERAL DESCRIPTION 

The 82510 can be functionally divided into seven 
major blocks (See Fig 1): Bus Interface Unit, Timing 
Unit, Modem Module, Tx FIFO, Rx FIFO, Tx Ma- 
chine, and Rx Machine. Six of these blocks (all ex- 
cept Bus Interface Unit) can generate block inter- 
rupts. Three of these blocks can generate second- 
level interrupts which reflect errors/status within the 
block (Receive Machine, Timing Unit, and the Mo- 
dem Module). 

The Bus interface unit allows the 82510 to interface 
with the rest of the system. It controls access to 
device registers as well as generation of interrupts 
to the external world. The FIFOs buffer the CPU 
from the Serial Machines and reduce the interrupt 
overhead normally required for serial operations. 
The threshold (level of occupancy in the FIFO which 
will generate an interrupt) is programmable for each 
FIFO. The timing unit controls generation of the sys- 
tem clock through either its on-chip crystal oscillator, 
or an externally generated clock. It also provides two 
Baud Rate Generators/Timers with various options 
and modes to support serial communication. 



FUNCTIONAL DESCRIPTION 



CPU Interface 

The 82510 has a simple demultiplexed Bus Inter- 
face, which consists of a bidirectional three-state 
eight-bit, data bus and a three-bit address bus. An 
Interrupt pin along with the Read, Write and Chip 
Select are the remaining signals used to interface 
with the CPU. The three address lines along with the 
Bank Pointer register are used to select the regis- 
ters. The 82510 is designed to interface to all Intel 
microprocessor and microcontroller families. Like 
most other I/O based peripherals it is programmed 
through its registers to support a variety of functions. 



Its register set can be used in 8250A/ 16450 com- 
patibility or High Performance modes. The 8250A/ 
16460 mode is the default wake-up mode in which 
only the 8250A/ 16450 compatible registers are ac- 
cessible. The remaining registers are default config- 
ured to support 8250A/ 16450 emulation. 



The 82510 is configured and controlled through its 
35 registers which are divided into four banks. Only 
one bank is accessible at any one time. The bank 
switching is done by changing the contents of the 
bank pointer (GIR/BANK-BANKO, BANK1). The 
banks are logically grouped Into 8250A/ 16450 com- 
patible (0), General Work Bank (1), General Configu- 
ration (2), and Modem Configuration (3). The 
8250A/ 16450 compatible bank (Bank 0) is the de- 
fault bank upon power up. 

The 82510 registers can be categorized under the 
following: 



Software Interface 



HIGH PERFORMANCE MODE 
ALL BANKS FUNCTION 8250 MODE 
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Figure 4. 82510 Register Architecture 



Table 2. 82510 Register/Block Functions 





Status 


Enable 


Configuration 


Command 


Data 


FIFO 


FLR 




FMD 






MODEM 


MSR 


MIE 


PMD 


MGR 




RX 


RST, RXF 


RIE 


RMD 


RCM 


RXD, RXF 


TX 


LSR 


LSR 


TMD 


TCM 


TXD, TXF 


TIMER 


TMST 


TMIE 


CLCF, 
BACF, BBCF 


TMCR 


BBL, BBH 
BAL, BAH 


DEVICE 


GSR, GIR 


GER 


IMD 


ICM 




8250 


LSR, MSR, GIR 


GER 


LCR, MGR 


MGR 


TXD, RXD 
BAL, BAH 
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8250 Compatibility 

Upon power up or reset, the 82510 comes up in the default wake up mode. The 8250A/16450 compatible 
bank, bank zero, is the accessible bank and all the other registers are configured, via their default values to 
support this mode. An 18,432 MHz crystal frequency is necessary. 



Table 3. 8250A/ 16450 Compatible Registers 





82510 Registers 
(Banic 0) 


8250A Registers 


Address 


Read 


Write 


Read 


Write 


UU (ULAb — U) 


RxD 


TxD 


RBR 


THR 


01 (DLAB = 0) 


GER 


GER 


lER 


lER 


00(DLAB = 1) 


BAL 


BAL 


DLL 


DLL 


01 (DLAB = 1) 


BAH 


BAH 


DLM 


DLM 


02 


GIR/BANK 


BANK 


IIR 




03 


LCR 


LCR 


LCR 


LCR 


04 


MCR 


MCR 


MCR 


MCR 


05 


LSR 


LSR 


LSR 


LSR 


06 


MSR 


MSR 


MSR 


MSR 


07 


ACRO 


ACRO 


SCR 


SCR 



Table 4. Default Wake-Up Mode 



RxD 




ACR1 


OOH 


RxF 




TxD 




RIE 


1EH 


TxF 




BAL 


Q2H 


RMD 


OOH 


TMST 


30H 


BAH 


OOH 


CLCF 


OOH 


TMCR 




GER 


OOH 


BACF 


04H 


FLR 


OOH 


GIR/BANK 


01 H 


BBCF 


84H 


RCM 




LCR 


OOH 


PMD 


FCH 


TCM 




MCR 


OOH 


MIE 


OFH 


GSR 


12H 


LSR 


60H 


TMIE 


OOH 


ICM 




MSR 


OOH 


BBL 


05H 


FMD 


OOH 


ACRO 


OOH 


BBH 


OOH 


TMD 


OOH 


RST 


OOH 




IMD 


OCH 
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(HIGHEST PRIORITY) 
TIMER • 



— TX CONDITION 



— RX CONDITION ■ 



INTERRUPT • 



RX FIFO • 



• TX FIFO ■ 



MODEM " 

(LOWEST PRIORITY) 



TIMER A EXPIRED 
TIMER B EXPIRED 

• TX MACHINE IDLE 

• RX PARITY ERROR 

• OVERRUN ERROR 

• BREAK DETECTED 

■ BREAK TERMINATED 

• ADDRESS/CONTROL 
CHAR. RECEIVED 

• ADDRESS/CONTROL 
CHAR. MATCH 

• FRAMING ERROR 

• RX FIFO LEVEL ABOVE 
THRESHOLD 

• TX FIFO LEVEL EQUAL 

TO OR BELOW THRESHOLD 

DCD CHANGE STATE 
Rl CHANGE STATE 
DSR CHANGE STATE 
CTS CHANGE STATE 
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Figure 5. Interrupt Structure 



Interrupts 



There are two levels of interrupt/status reporting 
within the 82510. The first level is the block level 
interrupts such as RX FIFO, Tx FIFO, Rx Machine, 
Tx Machine, Timing unit, and Modem Module. The 
Status of these blocks is reported in the General 
Status and General Interrupt Registers. The second 
level is the various sources within each block; only 
three of the blocks generate second level interrupts 
(Rx Machine, Timing Unit, and Modem Module). In- 
terrupt requests are maskable at both the block level 
and at the individual source level within the module. 
If more than one unmasked block requests interrupt 
service an on-chip interrupt controller will resolve 
contention on a priority basis (each block has a fixed 
priority). An interrupt request from a particular block 
is activated if one of the unmasked status bits within 
the status register for the block is set. A CPU service 
operation, e.g., reading the appropriate status regis- 
ter, will reset the status bits. 

ACKNOWLEDGE MODES 

The interrupt logic will assert the INT pin when an 
interrupt is coded into the General Interrupt register. 
The INT pin is forced low upon acknowledgment. 
The 82510 has two modes of interrupt acknowledg- 
ment: 

1 . Manual Acknowledge 



The CPU must issue an explicit Interrupt Acknowl- 
edge command via the Interrupt Acknowledge bit of 
the Internal Command register. As a result the INT 
pin is forced low for two clocks and then updated. 

2. Automatic Acknowledge 

As opposed to the Manual Acknowledge mode, 
when the CPU must issue an explicit interrupt ac- 
knowledge command, an interrupt service operation 
is considered as an automatic acknowledgment. 
This forces the INT pin low for two clock cycles. 
After two cycles the INT pin is updated, i.e., if there 
is still an active non-masked interrupt request the 
INT pin is set HIGH. 



INTERRUPT SERVICE 

A service operation is an operation performed by the 
CPU, which causes the source of the 82510 interrupt 
to be reset (it will reset the particular status bit caus- 
ing the interrupt). An interrupt request within the 
82510 will not reset until the interrupt source has 
been serviced. Each source can be serviced in two 
or three different ways; one general way is to disable 
the particular status bit causing the interrupt, via the 
corresponding block enable register. Setting the ap- 
propriate bit of the enable register to zero will mask 
off the corresponding bit in the status register, thus 
causing an edge on the input line to the interrupt 
logic. The same effect can be achieved by masking 
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off the particular block interrupt request in GSR via 
the General Enable Register. Another method, 
which is applicable to all sources, is to issue the 
Status Clear command from the Internal Command 
Register. The detailed service requirements for each 
source are given below: 

Table 5. Service Procedures 



Interrupt 


Status Bits 


Interrupt 


Specific 


Qai ip^o 




IVlCl9lVIII|| 


wCl VI w 


Timers 


TMST (1 -0) 


TMIE (1-0) 


n _ _ _j -T-» J o"T" 

Read TMST 




GSR 






Tx 


GSR (4) 


GER (4) 


Write Character 


Machine 


LSR (6) 




to tx rlrU 


Rx 


LSR (4-1) 


RIE (7-1) 


Read RST or 


Machine 


RST (7-1) 


GER (2) 


LSR Write 0 




GSR (2) 




to bit in 








RST/LSR 


Rx FIFO 


RST/LSR (0) 


GER (0) 


Write 0 to 




GSR (0) 




LSR/RST 








Bit zero. 








Read Character 


Tx FIFO 


LSR (5) 


GER (1) 


Write to FIFO 




GSR (1) 




Read GIRO) 


Modem 


MSR (3-0) 


MIE (3-0) 


Read MSR 




GSR (3) 


GER (3) 


write 0 into the 








appropriate bits 








of MSR (3-0). 



NOTE: 

1. Only if pending interrupt is Tx FIFO. 



System Clock Generation 

The 8251 0 has two modes of System Clock Opera- 
tion. It can accept an externally generated plock, or 
it can use a crystal to internally generate its system 
clock. 



CRYSTAL OSCILLATOR 



XI 



X2 



Parallel Resonant Crystal 
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The 82610 has an on-chip oscillator to generate its 
system clock. The oscillator will take the inputs from 
a crystal attached to the X1 and X2 pins. This mode 
is co nfigured via a hardware strapping option on 
RTS. 



OPEN COLLECTOR 



RESET 



RTS^ 1 



XI 


X2 


RfS 
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Figure 7. Strapping Option 

During hardware reset the RTS pin is an input; it is 
weakly pulled high from within and then checked. If it 
is driven low externally then the 82510 is configured 
for the Crystal Oscillator; othen«/ise an external 
clock is expected. 



EXTERNALLY GENERATED SYSTEM CLOCK 




Figure 8. External dock 

This is the default configuration. Under normal con- 
ditions the system clock is divided by two; however, 
the user may disable divi de by two via a hardware 
strapping option on the DTR pin. The Hardware 
strap ping option Is similar to the on e use d o n the 
RTS pin. It is forbidden to strap both DTR and RTS. 



Transmit 

The two major blocks involved in transmission are 
the Transmit FIFO and the Transmit Machine. The 
Tx FIFO acts as a buffer between the CPU and the 
Tx Machine. Whenever a data character is written to 
the Transmit Data register, it, along with the Trans- 
mit Flags (if applicable), is loaded into the Tx FIFO. 



Figure 6. Crystal Oscillator 
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TX FIFO 



TXF REGISTER TXD REGISTER 

DATA I FLAGS 

I 



POINTER 
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Figure 9. Tx FIFO 

The Tx FIFO can hold up to four, eleven-bit charac- 
ters (nine-bits data, parity, and address flag). ^X has 
separate read and write mechanisms. The read and 
write pointers are incremented after every operation 
to allow data transfer to occur in a First In First Out 
fashion. The Tx FIFO will generate a maskable inter- 
rupt when the level in the FIFO is below, or equal to, 
the Threshold. The threshold is user programmable. 

For example, if the threshold equals two, and the 
number of characters in the Tx FIFO decreases from 
three to two, the FIFO will generate an interrupt. The 
threshold should be selected with regard to the sys- 
tem's interrupt service latency. 

NOTE: 

There is a one character transmission delay be- 
tween FIFO empty and Transmitter Idle, so a 
threshold of zero may be selected without getting 
an underrun condition. Also if more than four char- 
acters are written to the FIFO an overrun will occur 
and the extra character will not be written to the Tx 
FIFO. This error will not be reported to the CPU. 



TX MACHINE 

The Tx Machine reads characters from the Tx FIFO, 
serializes the bits, and transmits them over the TXD 
pin according to the timing signals provided for 
transmission. It will also generate parity, transmit 
break (upon CPU requ est), and mana ge the modem 
handshaking signals (CTS and RTS) if configured 
so. The Tx machine can be enabled or disabled 
through the Transmit Command register or CTS. If 
the transmitter is disabled in the middle of a charac- 
ter transmission the transmission will continue until 
the end of the character; only then will it enter the 
disable state. 



TRANSMIT CLOCKS 

There are two modes of transmission clocking, 1X 
and 16X. In the 1X mode the transmitted data is 
synchronous to the transmit clock as supplied by the 
SCLK pin. In this mode stop-bit length is restricted to 
one or two bits only. In the 16X mode the data is not 
required to be synchronous to the clock. (Note: The 
Tx clock can be generated by the BRGs or from the 
SCLK pin.) 



MODEM HANDSHAKING 

The transmitter has three modes of handshaking. 

Manual Mode^ln this mode the CTS and RTS pins 
are not used by the Tx Mac hine (tran smiss ion is 
started regardless of the CTS state, and RTS is not 
forced low). The CPU may man age th e ha ndshake 
itself, by accessing the CTS and RTS signals 
through the MODEM CONTROL and MODEM 
STATUS registers. 

Semi-Automatic Mode— In this mode the RTS pin 
is a ctivat ed whenever the transmitter is enabled. 
The CTS pin's state cont rols transmissio n. Tra ns- 
mission is enabled only if CTS is active. If CTS be- 
comes inactive during transmission, the Tx Machine 
will complete transmission of the cur rent character 
and then go to the inactive state until CTS becomes 
active again. 

Automatic Mode— This mod e is si milar to the semi- 
automatic mode, except that RTS will be activated 
as long as the transmitter is enabled and there are 
more characters to transmit. The CPU need only fill 
the FIFO, the handshake is done by the Tx Machine, 
When both the shift register and the FIFO a re em pty 
RTS automatically goes inactive. (Note: The RTS pin 
can be forced to the active state by the CPU, regard- 
less of the handshaking mode, via the MODEM 
CONTROL register.) 



Receive 

The 82510 reception mechanism involves two major 
blocks; the Rx Machine and the Rx FIFO. The Rx 
Machine will assemble the incoming character and 
its associated flags and then LOAD them on to the 
Rx FIFO. The top of the FIFO may be read by read- 
ing the Receive Data register and the Receive Flags 
Register. The receive operation can be done in two 
rnpdes. In the normal mode the characters are re- 
ceived in th^ standard Asynchronous format and 
only control characters are recognized. In the ulan 
mode, the nine bit protocol of the MCS-51 family is 
supported and the ulan Address characters, rather 
than Control Characters are recognized. 
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RX FIFO 



RXD REGISTER 



RXF REGISTER 



FUGS 



POINTER 



RXD ' 



CHARACTER FRAME 
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Figure 10. Rx FIFO 

The Rx FIFO is very similar in structure and basic 
operation to the Tx FIFO. It will generate a maskable 
interrupt when the FIFO level is above* the thresh- 
old. The Rx FIFO can also be configured to operate 
as a one-byte buffer. This mode is used for 8250 
compatible software drivers. An overrun will occur 
when the FIFO is full and the Rx Machine has a new 
character for the FIFO. In this situation the oldest 
character is discarded and the new character is 
loaded from the Rx Machine. An Overrun error bit 
will also be set in the RECEIVE STATUS and LINE 
STATUS registers. 

The user has the option to disable the loading of 
incoming characters on to the Rx FIFO by using the 
UNLOCK/LOCK FIFO commands. (See RECEIVE 
COMMAND register.) When the Rx FIFO is locked, it 
will ignore load requests from the Rx Machine, and 
thus the received characters will not be loaded into 
the FIFO and may be lost (if another character Is 
received). These two commands are useful when 
the CPU is not willing to receive characters, or is 
waiting for specific Control /Address characters. In 
uLAN mode there are three options of address rec- 
ognition, each of these options varies in the amount 
of CPU offload, and degree of FIFO control through 
OPEN/LOCK FIFO commands. 

Automatic Mode— In this mode the Rx Machine will 
open the FIFO whenever an Address Match occurs; 
it will LOCK the FIFO if an address mismatch occurs. 

Seml-Automatic Mode— In this mode the Rx Ma- 
chine will open the FIFO whenever an address char- 
acter is received. It will not lock the FIFO if the Ad- 
dress does not match. The user is responsible for 
locking the Rx FIFO. 



Manual Mode— In this mode the Rx Machine does 
not control the FIFO automatically; however, the 
user may UNLOCK/LOCK the FIFO by using the 
RECEIVE COMMAND register. 

RX MACHINE 

The RX Machine has two modes of clocking the in- 
coming data— 16X or tX. In 16X synchronization is 
done internally; in the 1X mode the data must be 
synchronous to the SCLK pin input. The Rx Machine 
synchronizes the data, passes it through a digital fil- 
ter to filter out the spikes, and then uses the voting 
counter to generate the data bit (multiple sampling 
of input RXD). Bit polarity decisions are made on the 
basis of majority voting; i.e., if the majority of the 
samples are "1" the result is a "1" bit. If all samples 
are not in agreement then the bit is also reported as 
a noisy bit in the RECEIVE FLAGS register. The 
sampling window is programmable for either 3/16 or 
7/16 samples. The 3/16 mode is useful for high fre- 
quency transmissions, or when serious RC delays 
are expected on the channel. The 7/16 is best suit- 
ed for noisy media. The Rx machine also has a 
DPLL to overcome frequency shift problems; howev- 
er, using it in a very noisy environment may increase 
the error, so the user can disable the DPLL via the 
Receive Mode register. The Rx Machine will gener- 
ate the parity and the address marker as well as any 
framing error indications. 

Start Bit Detection— The falling edge of the Start 
bit resets the DPLL counter and the Rx Machine 
starts sampling the input line (the number of sam- 
ples is determined by the configuration of the sam- 
pling window mode). The Start bit verification can be 
done through either a majority voting system or an 
absolute voting system. The absolute voting requires 
that all the samples be in agreement. If one of the 
samples does not agree then a false Start bit is de- 
termined and the Rx Machine returns to the Start Bit 
search Mode. Once a Start bit is detected the Rx 
Machine will use the majority voting sampling win- 
dow to receive the data bits. 

Break Detection— If the input is low for the entire 
character frame including the stop Bit, then the Rx 
Machine will set Break Detected as well as Framing 
Error in the RECEIVE STATUS and LINE STATUS 
registers. It will push a NULL character onto the Rx 
FIFO with a framing-error and Break flag (As part of 
the Receive Flags). The Rx Machine then enters the 
Idle state. When it sees a mark it will set Break Ter- 
minated in RECEIVE STATUS and LINE STATUS 
registers and resume normal operation. 
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4 BIT DPLL 
COUNTER 



15 



NARROW WINDOW 



WIDE WINDOW 



DATA INPUT LINE 



10 



3 OF 16 



12 



13 



70F16 



15 
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Figure 11. Sampling Windows 



Control Characters— The Rx machine can gener- 
ate a maskable interrupt upon reception of standard 
ASCII or EBCDIC control characters, or an Address 
marker is received in the uLAN mode. The Rx ma- 
chine can also generate a maskable interrupt upon a 
match with programmed characters in the Address/ 
Control Character 0 or Address/Control Character 1 
registers. 

Table 6. Control Character Recognition 



CONTROL CHARACTER RECOGNITION 


Ai 


STANDARD SET 




■ ASCII: OOOX XXXX + 011 1 11 1 1 




(ASCII DEL) 




(00-1FH + 7FH) 




OR 




■ EBCDIC: OOXXXXXX 




(00 - 3FH) 


B) 


User Programmed 




■ ACRO.ACRI XXXX XXXX 




REGISTERS 



Baud-Rate Generators/Timers 

The 82510 has two-on-chip, 16-bit baud-rate gener- 
ators. Each BRG can also be configured as a Timer, 
and Is completely independent of the other. This can 
be used when the Transmit and Receive baud rates 
are different. The mode, the output, and the source 
of each BRG is configurable, and can also be op- 
tionally output to external devices via the TA, TB 
pins (see Fig. 12. BRG Sources and Outputs). 



SOFTWARE 
CONTROLLED 



SYS CLK 
XTAL CLK 
SCLK 



SCLK 
SYS CLK 
XTAL CLK 
BRGA 
OUTPUT 





GATE 




SOURCE 


-A- 


OUT 


SOFTWARE 
CONTROLLED 




GATE 




SOURCE 


■B- 


OUT 



Rx CLK 
TxCLK 
BRGB 
SOURCE 



Rx CLK 
TxCLK 



Figure 12. BRG Sources and Outputs 



BAUD RATE GENERATION 

The Baud Rate is generated by dividing the source 
clock with the divisor count. The count is loaded 
from the divisor count registers into a count down 
register. A 50% duty cycle is generated by counting 
down in steps of two. When the count is down to 2 
the entire count is reloaded and the output clock is 
toggled. Optionally the two BRGs may be cascaded 
to provide a larger divisor. Note that this is the de- 
fault configuration and used for 8250A/16450 emu- 
lation. 

fo = fin-^Divisor 

where /in is the input clock frequency and Divisor is 
the count loaded into the appropriate count regis- 
ters. System clock frequencies can be selected 
(4 — >> 9.216 MHz) to eliminate baud rate error for 
high baud rates. 
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Table 7. Standard Baud Rates 



Bit Rate 


16x Divisor 


% 
Error 


110 


5236 (1474h) 


.007% 


300 


1,920 (780h) 


— 


1200 


480 (lEOh) 


— 


2400 


240 (FOh) 




9600 


60(3Ch) 




19,200 


30 (lEh) 




38,400 


15(0Fh) 




56,000 


lO(OAh) 


2.8% 


288,000 


2 (02h) 





Source CLK = Internal Sys. Clk 

= 18.432 MHz/2 (Crystal) 

= 9.216 MHz (External 1X clock) 



NOTE: 

Internal system clock is crystal frequency or Vs: external 
clock frequency when using ^ 2 clock option. 

The BRG counts down in increments of two and 
then is divided by two to generate a 50% duty cycle; 
however, for odd divisors it will count down the first 
time by one. All subsequent countdowns will then 
continue in steps of two. In those cases the duty 
cycle is no longer exactly 50%. The deviation is giv- 
en by the following equation: 

deviation = 1/(2 ■ divisor) 

The BRG can operate with any divisor between 1 
and 65,535; however, for divisors between 1 and 3 
the duty cycle is as follows: 



Table 8. Duty Cycies 



Divisor 


Duty Cycie 


3 


33% 


2 


50% 


1 


Same as Source 


0 


FORBIDDEN 



Timer Mode 

Each of the 82510 BRGs can be used as Timers. 
The Timer is used to generate time delays by count- 
ing the internal system clock. When enabled the 
Timer uses the count from the Divisor/Count regis- 
ters to count down to 1. Upon terminal count a 
maskable Timer Expired interrupt is generated. The 



delay between the trigger and the terminal count is 
given by the following equation: 

Delay = Count ■ (System Clock Period) 

To start counting, the Timer has to be triggered via 
the Start Timer Command. To restart the Timer after 
terminal count or while counting, the software has to 
issue the trigger command again. While counting the 
Timer can be enabled or disabled by using a soft- 
ware controlled Gate. It is also possible to output a 
pulse generated upon terminal count through the TA 
or TB pins. 

In IX clock mode the only clock source available is 
the SCLK pin. The serial machines (both Tx Machine 
and Rx Machine) can independently use one of two 
clock modes, either 1 X or 1 6X. Also no configuration 
changes are allowed during operation as each write 
in the BRG configuration registers causes a reset 
signal to be sent to the BRG logic. The mode or 
source clocks may be changed only after a Hard- 
ware or Software reset. The Divisor (or count, de- 
pending upon the mode) may be updated during op- 
eration unless the particular BRG machine is being 
used as a clock source for one of the serial ma- 
chines, and the particular serial machine is in opera- 
tion at the time. Loading the count registers with "0" 
is forbidden in all cases, and loading it with a "1" is 
forbidden in the Timer Mode only. 

SERIAL DIAGNOSTICS 

The 82510 supports two modes of Loopback opera- 
tion, Local Loopback and Remote Loopback as well 
as an Echo mode for diagnostics and Improved 
throughput. 

LOCAL LOOPBACK 
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Figure 13. Local Loopback 

The Tx Machine output and Rx Machine input are 
shorted internally, TXD pin output is held at Mark. 
This feature allows simulation of Transmission/ Re- 
ception of characters and checks the Tx FIFO, Tx 
Machine, Rx Machine, and Rx FIFO along with the 
software with out any exter n al sid e ef fects . The mo- 
dem outputs 0UT1 , 0UT2, DT R a nd R TS are Inter- 
naliy s horted to Rl, DCD, DSR and CTS respectively. 
OUTO is held at a mark state. 
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REMOTE LOOPBACK 
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Figure 14. Remote Loopback 

The TXD pin and RXD pin are shorted internally (the 
data is not sent on to the RX Machine). This feature 
allows the user to check the communications chan- 
nel as well as the Tx and Rx pin circuits not checked 
in the Local Loopback mode. 

AUTO ECHO 
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Figure 15. Auto Echo 

In Echo Mode the received characters are automati- 
cally transmitted back. When the characters are 
read from the Rx FIFO they are automatically 
pushed back onto the Tx FIFO (the flags are also 
included). The Rx Machine baud rate must be equal 
to, or less than, the Tx Machine baud rate or some 
of the characters may be lost. The user has an op- 
tion of preventing echo of special characters; Con- 
trol Characters arid characters with Errors. 



Power Down Mode 

The 82510 has a "power down" mode to reduce 
power consumption when the device is not in use. 



The 82510 powers down when the power down 
command is issued via the Internal Command Regis- 
ter (ICM). There are two modes of power down, 
Sleep and Idle. 

In Sleep mode, even the system clock of the 82510 
is shut down. The system clock source of the 82510 
can either be the Crystal Oscillator or an external 
clock source. If the Crystal Oscillator is being used 
and the power down command is issued, then the 
82510 will automatically enter the Sleep mode. If an 
external clock is being used, then the user must dis- 
able the external clock in addition to issuing the 
Power Down command, to enter the Sleep mode. 
The benefit of this mode is the increasefl savings in 
power consumption (typical power consumption in 
the Sleep mode is in the ranges of 100s of mi- 
croAmps). However, upon wake up, the user must 
reprogram the device. To exit this mode the user 
can either issue a Hardware reset, or read the FIFO 
Level Register (FLR) and then issue a software re- 
set. In either case the contents of the 82510 regis- 
ters are not preserved and the device must be repro- 
grammed prior to operation. If the Crystal Oscillator 
is being used then the user must allow enough time 
for the oscillator to wake up before issuing the soft- 
ware reset. 

The 82510 is in the idle mode when the Power Down 
command is issued and the system clock is still run- 
ning (i. e. the system clock is generated externally 
and not disabled by the user). In this mode the con- 
tents of all registers and memory cells are pre- 
served, however, the power consumption in this 
mode is greater than in the Sleep mode. Reading 
FLR will take the 82510 out of this mode. 

NOTE: 

The data read from FLR when exiting Power Down 
is invalid and should be ignored. 
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DETAILED REGISTER DESCRIPTION 



Table 9. Register Map 



Bank 


Address 


Keaa 


write 


Register 


Register 


O(NAS) 


0 (DLAB = 0) 


RXD 


TXD 


O^OUA/ I O40U 


1 {UUWd — U; 




CiCn 




U (ULAb — 1 ) 


D A 1 

dAL 


DAI 
dAL 




4 /ni AD ■i\ 


D AU 

dAM 


D ALJ 

DAn 




o 


r^lD /D A Ml/" 


D A Ml/' 

dANI\ 




o 

o , 


1 /^o 

LUn 


LUn 




/I 
4 


MUri 


MUn 




0 


1 OD 

Lon 


1 OD 

Lon 




6 


MSR 


MSR 




7 


ACRO 


ACRO 




U 


Dvn 
nAU 


1 aU 




H 

1 


QYF 

nAr 


TYF 

1 Ar 




o 

c. 


/^iQ /p AMU' 


D AMW 




o 
o 


1 Mo 1 


TKiir^D 

1 MOn 






FI P 
rLn 






c 
O 


no 1 


PPM 

nUM 






MSR 


TCM 




7 


GSR 


ICM 




n 
u 








i 
1 


FMr^ 


riviL/ 




o 
c. 


ValrV/ DAINf\ 


DAINIX 




Q 


1 MU 


1 IVIU 




4 


lIViU 


iK>in 

IIVIU 




c 
O 


AUn 1 


AOPI 
AUnT 




D 


DIF 
nit 


PIF 
nlc 




7 


RMD 


RMD 


3 (MODEM CONF) 


0 (DLAB = 0) 


CLCF 


CLCF 




1 (DLAB = 0) 


BACF 






0(DLAB = 1) 


BBL 


BBL 




1 (DLAB = 1) 


BBH 


BBH 




2 


GIR/BANK 


BANK 




3 


BBCF 


BBCF 




4 


PMD 


PMD 




5 


MIE 


MIE 




6 
7 


TMIE 


TMIE 


(1) ACRO is used in INS8250 as a Scratch-Pad Register 




(2) DLAB = LCR Bit #7 









The 82510 has thirty-five registers which are divided into four banks of register banks. Only one bank is 
accessible at any one time. The bank is selected through the BANK1-0 bits in the GIR/BANK register. The 
individual registers within a bank are selected by the three address lines (A2-0). The 82510 registers can be 
grouped into the following categories. 
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BANK ZERO 8250A/16450— COMPATIBLE BANK 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Address 


Default 


TxD (33) 


Tx Data 
bit? 


Tx Data 
bite 


Tx Data 
bits 


Tx Data 
bit 4 


Tx Data 
bit 3 


Tx Data 
bit 2 


Tx Data 
biti 


Tx Data 
bitO . 


0 




RxD (35) 


Rx Data 
bit? 


Rx Data 
bite 


Rx Data 
bits 


Rx Data 
bit 4 


Rx Data 
bit 3 


Rx Data 
bit 2 


Rx Data 
biti 


Rx Data 
bitO 


0 


- 


BAL (11) 


BRGA LSB Divide Count (DLAB = 1) 


0 


02H 


BAH (12) 


BRGA MSB Divide Count (DLAB = 1) 


1 


OOH 


GER (16) 


0 


0 


Timer 

Interrupt 

Enable 


Tx Machine 

Interrupt 

Enable 


Modem 
Interrupt 
Enable 


Rx Machine 

Interrupt 

Enable 


Tx FIFO 
Interrupt 
Enable 


Rx FIFO 
Interrupt 
Enable 


1 


OOH 


GIR/BANK 
(21) 


0 


BANK 

Pointer 

biti 


BANK 

Pointer 

bitO 


0 


Active 
Block Int 
bit 2 


Active 
Block Int 
biti 


Active 
Block Int 
bitO 


Interrupt 
Pending 


2 


01H 


LCR (2) 


DLAB 
Divisor 
Latch 
Access bit 


Set 
Break 


Parity 
Mode 
bit 2 


Parity 
Mode 
biti 


Parity 
Mode 
bitO 


Stop bit 
Length 
bitO 


Character 

Length 

biti 


Character 

Length 

bitO 


3 


OOH 


MCR (32) 


0 


0 


OUTO 
Complement 


Loopback 
Control bit 


OUT 2 
Complement 


0UT1 

Complement 


RTS 

Complement 


DTR 

Complement 


4 


OOH 


LSR (22) 


0 


TxM 
Idle 


Tx FIFO 
Interrupt 


Break 
Detected 


Framing 
Error 


Parity 
Error 


Overrun 
Error 


Rx FIFO 
Int Req 


5 


60H 


MSR (27) 


DCD Input 
Inverted 


Rl Input 
Inverted 


DSR Input 
Inverted 


CTS Input 
Inverted 


State 
Change 
in DCD 


State (H L) 

Change 

inRI 


State 
Change 
in DSR 


State 
Change 
in CTS 


6 


OOH 


ACRO (5) 


Address or Control Character Zero 


? 


OOH 



BANK ONE—GENERAL WORK BANK 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Address 


Default 


TxD (33) 


Tx Data 
bit? 


Tx Data 
bite 


Tx Data 
bits 


Tx Data 
bit 4 


Tx Data 
bit 3 


Tx Data 
bit 2 


Tx Data 
biti 


Tx Data 
bitO 


- 0 




RxD (35) 


Rx Data 
bit? 


Rx Data 
bite 


Rx Data 
bits 


Rx Data 
bit 4 


Rx Data 
bit 3 


Rx Data 
bit 2 


Rx Data 
biti 


Rx Data 
bitO 


0 




RxF (24) 




Rx Char 
OK 


Rx Char 
Noisy 


Rx Char 

Parity 

Error 


Address or 

Control 

Character 


Break 
Flag 


Rx Char 
Framing 
Error 


Ninth 
Data bit 
of Rx Char 


1 




TxF (34) 


Address 
Marker bit 


Software 
Parity bit 


Ninth bit 
of Data Char 


0 


0 


0 


0 


0 


1 




GIR/BANK 
(21) 


0 


BANK 

Pointer 

biti 


BANK 

Pointer 

bitO 


0 


Active 
Block Int 
bit 2 


Active 
Block Int 
biti 


Active 
Block Int 
bitO 


Interrupt 
Pending 


2 


01H 


TMST (26) 






GateB 
State 


Gate A 
State 






Timer B 
Expired 


Timer A 
Expired 


3 


30H 


TMCR(31) 


0 


0 


Trigger 
GateB 


Trigger 
Gate A 


0 


0 


Start 
Timer B 


Start 
Timer A 


3 




MCR (32) 


0 


0 


OUTO 
Complement 


Loopback 
Control bit 


OUT 2 
Complement 


OUT1 

Complement 


RTS 

Complement 


DTR 

Complement 


4 


OOH 



NOTE: 

The register number is provided as a reference number for the register description. 
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BANK ONE— GENERAL WORK BANK (Continued) 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Address 


Default 


FLR(2$) 




Rx FIFO Level 




Tx FIFO Level 


4 


OOH 


DOT (OVk 

no 1 yti-O) 


Control 

Character 

Received 


Address/ 
Control 
v^noracier 
Match 


Break 
Terminated 


Break 
Detected 


rraming 
Error 


Parity 
Error 


Overrun 
Error 


Rx FIFO 
Interrupt 


5 


OOH 


RCM (30) 


Rx 

Enable 


Rx 


Flush 
RxM 


Flush 
Rx FIFO 


Lock Rx 
FIFO 


Open Rx 
FIFO 


0 


0 


5 




MSR (27) 


DCD 

Complement 


Rl Input 
Inverted 


DSR Input 
Inverted 


CTS Input 
Inverted 


State 
Change 
in DCD 


State 
Change 
in Rl 


State 
Change 
in DSR 


state 
Change 
in CTS 


6 


OOH 


TCM (29) 


0 


0 


0 


0 


Flush Tx 
Machine 


Flush Tx 
FIFO 


Tx 

Enable 


Tx 

Disable 


6 




GSR (20) 






Timer 
Interrupt 


TxM 
Interrupt 


Modem 
Interrupt 


RxM 
Interrupt 


Tx FIFO 
Interrupt 


Rx FIFO 
Interrupt 


7 


12H 


iCIVI (28) 


0 


0 


0 


Software 
Reset 


Manual Int 

Acknowledge 

Command 


Status 
Clear 


Power 
Down 
Mode 


0 


7 





BANK TWO— GENERAL CONFIGURATION 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Address 


Default 


FMD (4) 


0 


0 


Rx FIFO Threshold 


0 


0 Tx FIFO Threshold 


1 


OOH 


GIR/BANK 
(21) 


0 


BANK 

Pointer 

bit1 


BANK 

Pointer 

bitO 


0 


Active 
Block Int 
bit 2 


Active 
Block Int 
bit1 


Active 
Block Int 
bitO 


Interrupt 
Pending 


2 


01H 


TMD (3) 


Error 
Echo 
Disable 


Control 
Character 
Echo Disable 


9-bit 

Character 
Length 


Transmit Mode 


Software 

Parity 

Mode 


Stop Bit Length 


3 


OOH 


IMD(1) 


0 


0 


0 


0 


Interrupt 

Acknowledge 

Mode 


Rx FIFO 
Depth 


Ulan 

Mode 

Select 


Loopback or 
Echo Mode 
of Operation 


4 


OCH 


ACR1 (6) 


Address or Control Character 1 


5 


OOH 


RIE(17) 


Address/ 

Control 

Character 

Recognition 

Interrupt 

Enable 


Address/ 

Control 

Character 

Match 

Interrupt 

Enable 


Break 
Terminate 
Interrupt 
Enable 


Break 
Detect 
Interrupt 
Enable 


Framing 
Error 
Interrupt 
Enable 


Parity 
Error 
Interrupt 
Enable 


Overrun 
Error 
Interrupt 
Enable 


0 


6 


1EH 


RMD (7) 


Address/Control 
Character Mode 


Disable 
DPLL 


Sampling 

Window 

Mode 


Start bit 

Sampling 

Mode 


0 


0 


0 


7 


OOH 



BANK THREE— MODEM CONFIGURATION 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Address 


Default 


CLCF (8) 


Rx Clock 
Mode 


Rx Clock 
Source 


Tx Clock 
Mode 


Tx Clock 
Source 


0 


0 


0 


0 


0 


OOH 


BACF (9) 


0 


BRGA 
Clock 
Source 


0 


0 


0 


BRGA 
Mode 


0 


0 


1 


04H 


BBL(13) 


BRGB LSB Divide Count (DLAB = 1) 


0 


05H 


BBH (14) 


BRGB MSB Divide Count (DLAB = 1) 


1 


OOH 
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BANK THREE— MODEM CONFIGURATION (Continued) 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Address 


Default 


GIR/BANK 
(21) 


0 


BANK 

Pointer 

biti 


BANK 

Pointer 

bitO 


0 


Active 
Block Int 
bit 2 


Active 
Block Int 
biti 


Active 
Block Int 
bitO 


Interrupt 
Pending 


2 


01 H 


BBCF(10) 


BRGB Clock Source 


0 


0 


0 


BRGB 
Mode 


0 


0 


3 


84H 


PI\4D (15) 


DCD/ICLK/ 

0UT1 

Direction 


DCD/ICLK/ 

0UT1 

Function 


DSR/TA/ 

OUTO 

Direction 


DSR/TA/ 

OUTO 

Function 


RI/SCLK 
Function 


DTR/TB 
Function 


0 


0 


4 


FCH 


l\/1IE(19) 


0 


0 


0 


0 


DCD State 
Change Int 
Enable 


Rl State 
Change Int 
Enable 


DSR State 
Change Int 
Enable 


CTS State 
Change Int 
Enable 


5 


OFH 


TMIE(18) 


0 


0 


0 


0 


0 


0 


Timer B 
Interrupt 
Enable 


Timer A 
Interrupt 
Enable 


6 


OOH 



CONFIGURATION 

These read/write registers are used to configure the device. They may be read at anytime; however, they may 
be written to only when the device is idle. Typically they are written to only once after system power up. They 
are set to default values upon Hardware or Software Reset (Default Wake-Up Mode). The default values are 
chosen so as to allow the 82510 to be fully software compatible with the IBM PC Async Adapter (INS 8260A/ 
16450) when in the default wakeup mode. The 82510 can operate in the High Performance mode by program- 
ming the configuration registers as necessary. 

The configuration options available to the user are listed below. 



Interrupt Acknowledge Mode 

• Automatic 

• Manual 

Receive 

• Sampling Window Size 

• Start Bit Detection Mode 

• DPLL Disable/Enable 

jiiLAN (8051) 
Address Recognition 

• Manual, Semi-Automatic, 
Automatic 

Diagnostics 

• Loopback 

• Remote 

• Local 

• Echo 

• Yes/No 

• Disable Error Echo 

• Disable Control/Address 
Char. Echo 



Table 11. Configuration Options 



FIFO 

• RX FIFO Depth 

• RX, TX Threshold 

Clocic Options 

• RX, TX Clock Mode 

• IX 

• 16X 

• RX, TX Clock Source 

• BRGA 

• BRGB 

• BRGA/B Operation Mode 

• Timer 

• BRG 

• BRGA/B Divide Count 

• BRGA/B Source 

• Sys Clock 

• SCLK Pin 

• BRGA Output (BRGB 
Only) 



Control Character 
Recognition 

• None 

• Standard 

• ASCII 

• EBCDIC 

• Two User Programmed 

TX Operation 

• RTS/CTS Control 

Manual, Semi-Automatic, 
Automatic 

• Parity Mode 

• Stop Bit Length 

• Character Size 

I/O Pins 

• Select Function for Each 

Multifunction Pin 

• Select Direction for Multi- 

function Pin (If Applica- 
ble) 
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1. IMD— INTERNAL MODE REGISTER 



RESERVED 



LEM-LOOBACK/ECHO 

► AtLM - AtLAN MODE 

► RFD-RxFIFO DEPTH 

► lAM - INTERRUPT ACKNOWLEDGE MODE 



290116-15 



IMD— -Internal Mode Register 



This register defines the general device mode of op- 
eration. The bit functions are as follows: 



7-4: 



Reserved 



lAM: Interrupt Acknowledge Mode Bit 

0 — Manual acknowledgement of pend- 

ing interrupts 

1 — Automatic acknowledgement of 

pending interrupts (upon CPU serv- 
ice) 

This bit, when set, configures the 82510 for the auto- 
matic acknowledge mode. This causes the 82510 
INT line to go low for two clock cycles upon service 
of the interrupt. After two clock cycles it is then up- 
dated. It is useful in the edge triggered mode. In 
manual acknowledgement mode the CPU must ex- 
plicitly issue a command to clear the INT pin. (The 
INT pin then goes low for a minimum of two clock 
cycles until another enabled status register bit is 
set.) 

RFD: Receive FIFO Depth 

0 — Four Bytes 

1 — One Byte 

This bit configures the depth of the Rx FIFO. With a 
FIFO depth of one, the FIFO will act as a 1-byte 
buffer to emulate the 8250A. 



ULM: uLAN Mode 

0 — Normal Mode 

1 — uLAN Mode 

This bit, enables the 82510 to recognize and/or 
match address using the 9-bit MCS-51 asynchro- 
nous protocol. 

LEM: Loopback/Echo Mode Select 

This bit selects the mode of loopback operation, or 
the mode of echo operation; depending upon which 
operation mode is selected by the Modem Control 
register bit LC. 

In loopback mode (Modem Control register bit 
LC = 1) it selects between local and remote loop- 
back. 

0 ■— Local Loopback 

1 •—■ Remote Loopback 

In echo mode (Modem Control register bit LC = 0) it 
selects between echo or non-echo operation. 



■ No Echo 

• Echo Operation 
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2. LCR— LINE CONFIGURE REGISTER 



DLAB 



PARITY 



PM2 ^ 
PM1 ^ 



PMO 



5 4 



in 



3 



4 










U 

1 ^ 








4 





CLO 



CHARACTER 
LENGTH 



SBLO-STOP BIT LENGTH 



290116-16 



LCR— Line Configure Register 



This register defines the basic configuration of the 
serial link. 

DLAB — Divisor Latch Access Bit— This bit, when 
set, allows access to the Divisor Count registers 
BAL,BAH;BBL,BBH registers. 

SBK— Set Break Bit— This bit will force the TxD pin 
low. The TxD pin will remain low (regardless of all 
activities) until this bit is reset. 

PM2— PMO— Parity Mode Bits— These three bits 
combine with the SPF bit of the Transmit Mode reg- 
ister to define the various parity modes. See Table 
12. 

Table 12. Parity Modes 



Table 13. Stop Bit Length 



PMO 


SPF 


PM2 


PM1 


Function 


0 


X 


X 


X 


No Parity 


1 


0 


0 


0 


Odd Parity 


1 


0 


0 


1 


Even Parity 


1 


0 


1 


0 


High Parity 


1 


0 


1 


1 


Low Parity 


1 


1 


0 


0 


Software Parity 



SBLO— Stop Bit Length— This bit, together with 
SBL1 and SBL2 bits of the Transmit Mode register, 
defines the Stop-bit lengths for transmission. The Rx 
machine can identify 3/4 stop bit or more. See Table 
13. 



SBL2 


SBL1 


SBLO 


stop Bit Length 
16X IX 


0 


0 


0 


4/4 




0 


0 


1 


6/4 or 8/4* 




0 


1 


0 


3/4 




0 


1 


1 


4/4 




1 


0 


0 


5/4 




1 


0 


1 


6/4 




1 


1 


0 


7/4 




1 


1 


1 


8/4 


2 



*6/4 if character length is 5 bits; else 8/4 

CLO— CL1— Character Length Bits— These bits, 
together with the Transmit Mode register bit NBCL, 
define the character length. See Table 14. 

Table 14. Character Length 



NBCL 


CL1 


CLO 


Character Length 


0 


0 


0 


5 BITS 


0 


0 


1 


6 BITS 


0 


1 


0 


7 BITS 


0 


1 


1 


8 BITS 


1 


0 


0 


9 BITS 



2-57 



82510 



3. TMD— Transmit Machine l^ode Register 



|7|6|5|4|3 



EED- ERROR ECHO DISABLE 
CED- CONTROL/ADDRESS ECHO DISABLE 4- 
NBCL- NINTH BIT CHAR LENGTH 4- 



SBL1 - STOP BIT LENGTH 
SBL2 - STOP BIT LENGTH 



SPF-S/W PARITY 



Tml TmO 



TRANSMIT MODE 

TI\/ID-^Transmit l\/lachine Mode Register 



This register together with the Line Configure Regis- 
ter defines the Tx machine mode of operation. 

EED— Error Echo Disable-^Disable^ Echo of char- 
acters received with errors (valid in echo mode 
only). 

CED — Control Character Echo Disabie — Disables 
Echo of characters recognized as control characters 
(or address characters in uLAN mode). Valid in echo 
mode only. 

NBCL— Nine-Bit Length— This bit, coupled with 
LCR (CLO, CL1), selects Transmit/ Receive charac- 
ter length of nine bits. See Table 1 4. 

Ti\/l1—TIVI0— Transmit IVIode— These bi ts s elect 
one of three modes of control over the CTS and 
RTS lines. 

00— l\/lanual Mode— In this mode the CPU hks full 
control of the Transmit operation. The CPU has to 
explicitly e nable/disa ble transmission, and activate/ 
check the RTS/CTS pins. 



01 — Reserved 

10— Semi- Automatic Mo de— i n this mode the 
82510 transmits onl y wh en CTS input is active. The 
82510 activates the RTS output as long as transmis- 
sion is enabled. 

11— Automatic Mo de— I n this mode the 8 2510 
transmits only when CTS input is active. The RTS 
output is activated only when transmission is en- 
abled and there is more data to transmit. 

SPF— Software Parity Force— This bit defines the 
parity modes along with the PMO, PM1, and PM2 bits 
of the LCR register. When software parity is enabled 
the software nrtust determine the parity bit through 
the TxF register on transmission, or check the parity 
bit in RxF upon reception. See Table 1 2. 

SBL2— SBL1— Stop Bit Length— These bits, to- 
gether with the SBLO bit of the LCR register define 
the stop bit length. See Table 1 3. 
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4. FMD— FIFO MODE REGISTER 



6 5 4 3 2 1 



RESERVED 



RECEIVE FIFO 
THRESHOLD 



RFT1 4- 
RFTO 4^ 



B 



TFT1 J 



TxFIFO THRESHOLD 



RESERVED 



FMD—FIFO Mode Register 



This register configures the Tx and Rx FIFO's 
tlireshold levels— the occupancy levels that can 
cause an interrupt. 

7 — 6 — Reserved 

RFT1—RFT0— Receive FIFO Threshold— When 
the Rx FIFO occupancy is greater than the level indi- 



cated by these bits the Rx FIFO Interrupt is activat- 
ed. 

3— 2— Reserved 

TFT1—TFT0— Transmit FIFO Threshold— When 
the TX FIFO occupancy is less than or equal to the 
level indicated by these bits the Tx FIFO Interrupt is 
activated. 



5. ACRO— ADDRESS/CONTROL CHARACTER REGISTER 0 



hh|5|4|3|2|l|0| 



D7 < 
D6^ 
D5^ 
D4 4^ 



►DO 
►D1 
-►D2 
-►D3 



290116-47 

ARCO— Address/Control Character Register 0 



This register contains a byte which is compared to 
each received character. The exact function de- 
pends on the configuration of the IMD register. 

In normal mode this register may be used to pro- 
gram a special control character; a matched charac- 
ter will be reported in the RECEIVE STATUS regis- 
ter. The maximum length of the control characters is 
eight bits. If the length is less than eight bits then the 



character must be right justified and the leading bits 
be filled with zeros. 

In uLAN mode this register contains the eight-bit sta- 
tion address for recognition. In this mode only in- 
coming address characters (i.e., characters with ad- 
dress bit set) will be compared to these register. The 
PGRF bit in the RECEIVE STATUS register will be 
set when an Address or Control Character match 
occurs. 



6. ACR1— ADDRESS/CONTROL CHARACTER REGISTER 1 



m 



6 5 4 3 2 1 



07-^ 
D6 -4- 
05 4- 
DA 4- 



B 



-►DO 
-►D1 
-►D2 
-►03 



290116-48 

ARC 1— Address/Control Character Register 1 



NOTE: 

This register is identical in function to ACRO. 
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7. RMD— RECEIVE MACHINE MODE REGISTER 



mlan/control 
char mode 



MCMO 4- 

mcmi ^ 
disable dpll-dpd <4- 
sampling window- swm mode ^ 



RESERVED 



START BIT SAMPLING MODE 
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RMD— -Receive Machine Mode Register 



This register defines the Rx IVIachine mode of opera- 
tion. 

uCMO, uCM1— uLAN/Control Character Recogni- 
tion Mode— In normal mode it defines the Control 
Character recognition mode. In ulan mode they de- 
fine modes of address recognition. 

In uLAN mode: selects the mode of address recog- 
nition. 

00— Manual Mode— Rx Machine reports reception 
of any address character, via CRF bit of RECEIVE 
STATUS register, and writes it to the Rx FIFO. 

01— Semi-Automatic Mode — Operates the same 
as Manual Mode but, in addition, the Rx Machine 
OPENS (unlocks) the Rx FIFO upon reception of any 
address characters. Subsequent received charac- 
ters will be written into the FIFO. (Note: it is the us- 
er's responsibility to LOCK the FIFO if the address 
character does not match the station's address.) 

10— Automatic Mode— The Rx Machine will OPEN 
(unlock) the Rx FIFO upon Address Match. In addi- 
tion the Rx Machine LOCKs the Rx FIFO upon rec- 
ognition of address mismatch; i.e., it controls the 
flow of characters into the Rx FIFO depending upon 
the results of the address comparison. If a match 
occurs it will allow characters to be sent to the FIFO; 
if a mismatch occurs it will keep the characters out 
of the FIFO by LOCKING it. 



11— Reserved 

In norma/ Mode: selects the mode of Standard Set 
Control Character Recognition (programmed control 
characters are always recognized). 

00— No Standard Set Control Characters Recog- 
nized. 

01— ASCII Control Characters 
(OOH— 1 FH + 7FH). 

1 0-— Reserved. 

-|-|_ EBCDIC Control Character Recognized 
(OOH - 3FH). 

DPD— Disable Digital Phase Loclced Loop— When 
set, disables the DPLL machine. (Note: using the 
DPLL in a very noisy media, may increase the error 
rate.) 

SWM— Sampling Window Mode— This bit controls 
the mode of data sampling: 

0— Small Window, 3/16 sampling. 

1— Large Window, 7/16 sampling. 



SSM— Start Bit Sampling Mode 

the mode of Start Bit sampling. 



-This bit controls 



0— Majority Voting for start bit. In this mode a ma- 
jority of the samples determines the bit. 

1 — In this mode if one of the bit samples is not 
'0', the start bit will not be detected. 
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8. CLCF— CLOCKS CONFIGURE REGISTER 



Rx CLOCK MODE-RxCM 
Rx CLOCK SOURCE- RxCS 4r 
Tx CLOCK MODE-TxCM <^ 
TxCLK SOURCE -TxCS ^ 



6 5 4 3 



CLCF— Clocks Configure Register 



RESERVED 



290116-20 



This register defines the Transmit and Receive Code 
modes and sources. 

RxCM-— Rx Clock Mode— This bit selects the mode 
of the receive clock which is used to sample the 
received data. 

0— 1 6X Mode. 

1— IX Mode. In this mode the receive data must be 
synchronous to the Rx Clock; supplied via the 
SCLK pin. 

RxCS — Rx Clock Source — This bit selects the 
source of the internal receive clock in the case of 
1 6X mode (as programmed by the RxCM bit above). 

0— BRGB Output 

1— BRGA Output 



TxCM— Transmit Clock Mode— This bit selects the 
mode of the Transmit Data Clock, which is used to 
clock out the Transmit Data. 

0— 1 6X Mode 

1— IX Mode. In this mode the Transmit data is 
synchronous to the Serial Clock; supplied via 
the SCLK pin. 

TxCS— Transmit Clock Source — Selects the 
source of internal Transmit Clock in case of 16X 
mode. 

0— BRGB Output. 

1— BRGA Output. 



9. BACF— BRGA CONFIGURATION REGISTER 



RESERVED <4- 
BRGA CLOCK SOURCE- BACS ^ 
RESERVED ^ 
RESERVED ^ 



RESERVED 
-► RESERVED 
-> BAM - BRGA MODE 
RESERVED 



BACF— BRGA Configuration Register 



This register defines the BRGA clock sources and 
the mode of operation. 

BACS— BRGA Clock Source— Selects the input 
clock source for Baud Rate Generator A. 

0— System Clock 

1— SCLK Pin 



BAM— BRGA Mode of Operation— Selects be- 
tween the Timer mode or the Baud Rate Generator 
Mode. 

0 — Timer Mode (in this mode the input clock 
source is always the system clock). 

1— Baud Rate Generator Mode 



This bit has no effect if BRGA is configured as a 
timer. 
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10. BBCF— BRGB CONFIGURATION REGISTER 



BRGB CLOCK [ BBCSt ^ 
SOURCE [bbcSO 4- 



in 



RESERVED 



it 



u 



:i 



RESERVED 



BBM -^BRGB MODE 
RESERVED 
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BBCF— BRGB Configuration Register 



This register defines the BRGB clock sources and 
mode of operation. (Note: BRGB can also take its 
Input Clock from the output of BRGA.) 

BBCS1, BBCSO— These two bits together define the 
input Clock Sources for BRGB. These bits have no 
effect when in the timer mode. 

00— System Clock 

01— SCLK Pin 



10— BRGA Output 

11— Reserved 

BBM— BRGB Mode of Operation. 

0— Timer Mode (In this mode the input clock 
source is always the system clock.) 

1— BRGMode 



11. BAL— BRGA DIVIDE COUNT LEAST SIGNIFICANT BYTE 



5 4 3 2 



D7 

D6 4- 
D5 4- 
D4 4- 



EE 



DO 
D1 
-♦02 
-►D3 
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BAL— BRGA Divide Count Low Byte 



This register contains the least significant byte of the BRGA divisor/count. 
12. BAH— BRGA DIVIDE COUNT MOST SIGNIFICANT BYTE 



Em 



5 4 3 2 1 



D7 4- 
D6 ^ 
D5 4- 

D4 



DO 
D1 
-►D2 
-►D3 



290116-50 



BAH— BRGA Divide Count High Byte 



This register contains the most significant byte of the BRGA divisor/count. 
13. BBL— BRGB DIVIDE COUNT LEAST SIGNIFICANT BYTE 



6 5 4 3 2 



D7 
D6 
D5 4- 
D4 ^ 



-►DO 
-►D1 
-►D2 
-►D3 
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BBL— BRGB Divide Count Low Byte 



This register contains the least significant byte of the BRGB divisor/count. 
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14. BBH— BRGB DIVIDE COUNT MOST SIGNIFICANT BYTE 



D7<^ 

De< — 

05^^ 

04-^ 



DO 
-►D1 
-►D2 
-►D3 
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BBH— BRGB Divide Count High Byte 



This register contains the most significant byte of the BRGB divisor/count. 
15. PIVID— I/O PIN MODE REGISTER 



DCD/ICLK/oUTl DIRECTION - DIOD 
DCD/ICLK/ODTI FUNCTION - DIOF 
DSR/TA/OUTO DIRECTION - DTAD 
DSR/TA/OUTO FUNCTION - DTAF 



EE 



5 4 3 2 1 



El 



:) 



RESERVED 



DTF-DTR/TB FUNCTION 
RRF-Ri/SCLK FUNCTION 



PMD— I/O Pin Mode Register 



This register is used to configure the direction and 
function of the multifunction pins. The following op- 
tions are available on each pin. 

1 . Direction: Input or Output Pin. 

0— Defines the Pin as an output pin (general pur- 
pose or special function). 

1 — Defines the pin as an input pin. 

2. Function: Genei'al purpose or special purpose pin 
(no effect if the pin is programmed as an Input). 

0— special function output pin. 

1— general purp ose ou tput pi n. 
DIOD— DCD/ICLK/OUT1 Direction. 



0— ICLK ( Output of the Internal System Clock). 

1— 0UT1 general purpose output, Controlled by 
MODEM CONTR OL Reg ister 

DTAD— DSR/TA/OUTO Direction. 



0— Output: ICLK or 0UT1 (depending on bit 
DIOF) 

1— Input: DCD. 

DIOF— DCD/ICLK/0UT1 Function (output 
mode only). 



0— Output: TA or OUTO (Dependent upon 
DTAF), 

1— Input: D SR. 

DTAF— DSR/TA/QUTO Direction (output 
mode only). 

0— TA (BRGA Output or Timer A Termination 
Pulse) . 

1— OUTO (general purpose output, controlled by 
MODEM CONTROL). 

RRF-RI/SCLK Function 

0— SCLK (Receive and/or Transmit Clock) 

1— Rl 

DTF-DTR/TB Function 

0— TB (BRGB Output Clock on Timer B termina- 
tion pulse depending upon the mode of 
BRGB). 

1— DTR 
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INTERRUPT/STATUS REGISTERS 

The 82510 uses a two layer approach to handle in- 
terrupt and status generation. Device level registers 
show the status of the major 82510 functional block 
(MODEM, FIFO, Tx MACHINE, Rx MACHINE, TIM- 
ERS, etc.). Each block may be examined by reading 
its individual block level registers. Also each block 
has interrupt enable/generation logic which may 
generate a request to the built-in interrupt controller, 
the interrupt requests are then resolved on a priority 
basis. 



Interrupt Masking 

The 8251o\ias a device enable register, GER, which 
can be used to enable or mask-out any block inter- 
rupt request. Some of the blocks (Rx Machine, Mo- 
dem, Timer) have an enable register associated with 
their status register which can be used to mask out 
the individual sources within the block. Interrupts are 
enabled when programmed high. 



16. GER— GENERAL ENABLE REGISTER 



RESERVED 



6 5 



TIMERS INTERRUPT ENABLE -TIE 4r 
Tx INTERRUPT ENABLE -TxlE ^ 



RFIE-RxFIFO INTERRUPT ENABLE 
TFIE-FIFO INTERRUPT ENABLE 
-► RxlE-Rx INTERRUPT ENABLE 
MIE- MODEM INTERRUPT ENABLE 

290116-24 



GER— General Enable Register 



This register enables or disables the bits of the GSR 
register from being reflected in the GIR register. It 
sen/es as the device enable register and is used to 
mask the interrupt requests from any of the 82510 
block (See Figure 1). 

TIE— Timers Interrupt Enable 

TxlE— Transmit Machine Interrupt Enable. 

17. RIE— RECEIVE INTERRUPT ENABLE REGISTER 



M IE— Modem Interrupt Enable. 
RxlE — Rx Machine Interrupt Enable. 
TFIE— Transmit FIFO Interrupt Enable. 
RFIE— Receive FIFO Interrupt Enable. 



6 5 4 3 2 1 



CONTROL/ADDRESS RECOGNITION 

CONTROL/ADDRESS MATCH ^ 
BREAK TERMINATED 4- 
BREAK DETECTED 4- 



RESERVED 
OVERRUN ERROR 
PARITY ERROR 
FRAMING ERROR 



RIE— Receive Interrupt Enable Register 



This register enables interrupts from the Rx Ma- 
chine. It is used to mask out interrupt requests gen- 
erated by the status bits of the RST register. 

CRE— Control/uLAN Address Character Recog- 
nition Interrupt Enable. — Enables Interrupt when 
CRF bit of RST register is set. 

PCRE— Programmable Control/ Address Charac- 
ter Match Interrupt Enable.— Enables Interrupt on 
PCRF bit of RST. 



BkDE— Break Detection Interrupt Enable— 
Enable Interrupt on BkD bit of RST. 

FEE— Framing Error Enable — Enable Interrupt on 
FE bit of RST. 

PEE— Parity Error Enable — Enable Interrupt on PE 
bit of RST. 

OEE — Overrun Error Enable — Enable Interrupt on 
OE bit of RST. 



BkTe— Break Termination Interrupt Enable. 
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18. TMIE— TIMER INTERRUPT ENABLE REGISTER 



RESERVED 



in 



5 4 3 2 1 



3 



-► TAIE 
TBIE 



RESERVED 



290116-26 



TMIE— Timers/Interrupt Enable Register 



This is the enable register for the Timer Block. It is 
used to mask out interrupt requests generated by 
the status bits of the TMST register. 



TBIE— Timer B Expired interrupt Enable— 

Enables Interrupt on TBEx bit of TMST. 

TAIE— Timer A Expired Interrupt Enable— 

Enables Interrupt on TAEx bit of TMST. 



19. MIE— MODEM INTERRUPT ENABLE REGISTER 



RESERVED 



4 3 2 1 



CTSE 
DSRE 
RIE 
DCDE 



290116-27 



MIE— Modem Interrupt Enable Register 



This register enables interrupts from the Modem 
Block. It is used to mask out interrupt requests gen- 
erated by the status bits of the MODEM STATUS 
register. 

DCDE— Delta DCD Interrupt Enable— Enables in- 
terrupt on DDCD bit of MODEM STATUS. 

RIE— Delta Rl Interrupt Enable — Enables Interrupt 
on DRI bit of MODEM STATUS. 

DSRE— D elta D SR Interrupt Enable— Enables In- 
terrupt on DSR bit of MODEM STATUS. 



CTSE— Delta CTS Interrupt Enable— Enables In- 
terrupt on DOTS bits of MODEM STATUS. 



STATUS/INTERRUPT 

The 82510 has two device status registers, which 
reflect the overall status of the device, and five block 
status registers. The two device status registers, 
GSR and GIR, and supplementary in function. GSR 
reflects the interrupt status of all blocks, whereas 
GIR depicts the highest priority interrupt only. GIR is 
updated after the GSR register; the delay is of ap- 
proximately two clock cycles. 
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20. GSR— GENERAL STATUS REGISTER 



RESERVED 
RESERVED ^ 
TIMER INTERRUPT '4- 
Tx MACHINE INTERRUPT 



in 



5 4 3 2 1 



3 



-> RxFIFO INTERRUPT 
Tx FIFO INTERRUPT 
Rx MACHINE INTERRUPT 
MODEM INTERRUPT 



GSR— General Status Register 



This register reflects ail the pending block-level In- 
terrupt requests. Each bit in GSR reflects the status 
of a block and may be individually enabled by GER. 
GER masks-out interrupts, from GIR; it does not 
have any effect on the bits In GSR. The only way 
that the bits can be masked out in GSR (i.e., not 
appear in GSR) is if they are masked out at the lower 
level. 

TIB — Timers Interrupt Request — This bit indicates 
that one of the timers has expired. (See TMST) 

TxIR— Transmit Machine Interrupt Request- 
Indicates that the Transmit Machine is either empty 
or disabled (Idle). 



MIR— Modem Interrupt Request— This bit, if set, 
indicates an interrupt from the Modpm Module. (As 
reflected in MODEM STATUS.) 

RxIR— Receive Machine Interrupt Request— (As 

reflected in RST.) 

TFIR— Transrtiit FIFO Interrupt Request— Tx 

FIFO occupancy is below or equal to threshold. 

RFIR— Receive FIFO Interrupt Request— Rx FIFO 
Occupancy is above threshold. 



21. GIR/BANK— GENERAL INTERRUPT REGISTER/BANK REGISTER 



RESERVED <- 
BANK 1 ^ 
BANKO 4- 

RESERVED -4- 



5 4 3 



i — ► IPN- 



-► BIO 

BI1 



BI2 



INTERRUPT PENDING 

ACTIVE 
BLOCK 
INTERRUPT 
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General Interrupt Register/Bank Register 



This register holds the highest priority enabled pend- 
ing interrupt from GSR. In addition it holds a pointer 
to the current register segment. Writing into this reg- 
ister will update only the BANK bits. 

BANK1, BANKO— Bank Pointer Bits— These two 
bits point to the currently accessible register bank. 
The user can read and write to these bits. The ad- 
dress of this register is always two within all four 
register banks. 

BI2, BI1, BIO,— Interrupt Bits 0-2— These three 
bits reflect the highest priority enabled pending inter- 
rupt from GSR. 



101: Timer Interrupt (highest priority) 

100: Tx Machine Interrupt 

01 1 : Rx Machine Interrupt 

010: Rx FIFO Interrupt 

001: Tx FIFO Interrupt 

000: Modem Interrupt (lowest priority) 

IPN— Interrupt Pending— This bit is active low. It 
indicates that there is an interrupt pending. The in- 
terrupt logic asserts the INT pin as soon as this bit 
goes active. (Note: the GIR register is continuously 
updated; so that, while the user is serving one inter- 
rupt source; a new interrupt with higher priority may 
enter GIR and replace the older interrupt.) 
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22. LSR— LINE STATUS REGISTER 



13 



RESERVED <4- 
TxST -4- 
TFST '4- 
BREAK DETECTED 



Rx FIFO INT. 
OVERRUN ERROR 
PARITY ERROR 
-> FRAMING ERROR 



LSR— Line Status Register 



290116-30 



This register holds the status of the serial link. It 
shares five of its bits with the RSI register (BkD, FE, 
PE, OE, and RFIR). When this register is read, the 
RSI register (BITS 1 -7) and LSR register (BITS 1 - 
4) are cleared. This register is provided for compati- 
bility with the INS8250A. 



TFIR bit of GSR by writing a character to Tx FIFO, or 
drop TFIE bit of GER (Disable Tx FIFO). 

Bled— Breal( Detected— See Bkd bit in RST register 
for full explanation. The BkD bit in RST register is 
the same as this bit. 



TxSt— Transmit iVIachine Status Bit— Same as 
TxIR bit of GSR register. If high it indicates that the 
Transmit Machine is in Idle State. (Note: Idle may 
indicate that the TxM is either empty or disabled. 

TFSt— Transmit FIFO Status— Same as TFIR bit of 
GSR. It indicates that the Transmit FIFO level is 
equal to or below the Transmit FIFO Threshold. 
There are two ways to disable the transmit FIFO 
status from being reflected in GIR: 

1 . Writing a "0" to the TFIE bit of the GER register 

2. Dynamically by using the Tx FIFO HOLD IN- 
TERRUPT logic. When the Tx FIFO is in the 
Hold State, no interrupts are generated regard- 
less of the TFIR and TFIE bits. 

The Transmit FIFO enters the Hold State when the 
CPU reads the GIR register and the source of the 
interrupt is Tx FIFO. To Exit, the CPU must drop the 



FE— Framing Error Detected— See FE bit in RST 

register for a full explanation. The FE bit in RST reg- 
ister is the same as this bit. 

PE— Parity Error Detected— See PE bit in RST 

register for full explanation. The PE bit in RST regis- 
ter is the same as this bit. 

OE — Overrun Error — See OE bit in RST register for 
full explanation. The OE bit in RST register is the 
same as this bit. 

RFIR— Receive FIFO Interrupt Request— This bit 
is identical to RFIR bit of GSR. It indicates that the 
RX FIFO level is above the Rx FIFO Threshold. This 
bit is forced LOW during any READ from the Rx 
FIFO. A zero written to this bit will acknowledge an 
Rx FIFO interrupt. 
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23. RST— RECEIVE MACHINE STATUS REGISTER 



FT 



6 5 4 3 



ADDRESS/CONTROL CHAR. RCVD. 
ADDRESS/CONTROL CHAR. MATCH 

BREAK TERMINATED ^ 
BREAK DETECTED 4- 



RxFIFO INT. 
OVERRUN ERROR 
PARITY ERROR 
^ FRAMING ERROR 
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RST^Recelve Machine Status Register 



This register displays the status of the Receive l\/la- 
chine. It reports events that have occurred since the 
RST was cleared. This register is cleared when it is 
read except for BITO, Rx FIFO interrupt. Each bit in 
this register, when set, can cause an interrupt. Five 
bits of this register are shared with the LSR register. 

CRF— Control/Address Ciiaracter Received-^ 

When enabled, this bit can cause an interrupt if a 
control character or address character is received. 

In uLAN Mode: indicates that an address charac- 
ter has been received. 

In normal Mode: indicates that a standard control 
character (either ASCII or EBCDIC) has been re- 
ceived. 

PCRF— Programmed Control/ Address Ciiaracter 
Received— This bit, when enabled, will cause an in- 
terrupt when an address or control character match 
occurs. 

In uLAN Mode: indicates that an address charac- 
ter equal to one of the registers ACRO or ACR1 
has been received. 



In normal Mode: indicates that a character which 
matches the registers ACRO or ACR1 has been 
received. 

BkT— Break Terminated— This bit indicates that a 
break condition has been terminated. 

BkD — Break Detected— This bit indicates that a 
Break Condition has been detected, i.e., RxD input 
was held low for one character frame plus a stop 
BIT. 

FE— Framing Error— This bit indicates that a re- 
ceived character did not have a valid stop bit. 

PE— Parity Error— Indicates that a received charac- 
ter had a parity error. 

OE— Overrun Error— Indicates that a received 
character was lost because the Rx FIFO was full. 

RFIR— Receive FIFO Interrupt Request— Same 
as the RFIR bit of LSR register. 
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24. RXF— RECEIVED CHARACTER FLAGS 



RESERVED 
Rx CHARACTER OK-ROK 
Rx NOISY -RxN 
RxCHAR PARITY ERROR -RPE 



3 2 1 



0 



<^ 










U 

1 ^ 


4 




► 



RND- RxCHAR NINTH DATA BIT 
RFE- RxCHAR FRAMING ERROR 
BREAK FLAG 



RxF— Receive Flags Register 



This register contains additional information about 
the character in the RXD register. It is loaded by the 
Rx Machine simultaneously with the RXD register. 

ROK— Received Character OK— This bit indicates 
that the character in RXD no parity or framing error. 
The parity error is not included in the s/w parity 
mode. 

RxN— Received Character Noisy— The character 
in RXD was noisy. This bit, valid only in 16X sam- 
pling mode, indicates that the received character 
had non-identical samples for at least one of its bits. 

RPE— Receive Character Parity Error— This bit in- 
dicates that the RxD character had a Parity Error. 
However, in S/W Parity mode it holds the received 
parity bit as is. 

ACR— Address/Control Character Marker— This 
bit indicates that the character in RXD is either: 



A control Character— in normal Mode. 
An Address Character in uLAN Mode. 

RFE— Receive Character Framing Error- 
Indicates that no Stop bit was found for the charac- 
ter in RXD. 

NOTE: 

A Framing Error will be generated for the first char- 
acter of the Break sequence. 

RND— Ninth Bit of Received Character— The 

most significant bit of the character in RXD is written 
into this bit. This bit is zero for characters with less 
than nine bits. 

BKF— Breal( Flag— Indicates that the character is 
part of a "break" sequence. 



25. FLR— FIFO LEVEL REGISTER 



RESERVED 



4 3 2 1 



Rx FIFO 
OCCUPANCY 
LEVEL 



RFL2 
RFL1 ^ 



RFLO 4- 



TFLO 
TFL1 
TFL2 



Tx FIFO 

OCCUPANCY 

LEVEL 



RESERVED 



FLR— FIFO Level Register 



This register holds the current Receive and Transmit 
FIFO occupancy levels. 

RFL2, RFL1, RFLO— Receive FIFO Level of Occu- 
pancy — These three bits indicate the level of Occu- 



pancy of the Rx FIFO. The valid range is zero (000) 
to four (100). 

TFL2, TFL1, TFLO— Transmit FIFO Level of Occu- 
pancy — These three bits indicate the level of occu- 
pancy in the transmit FIFO. The valid range is zero 
(000) to four (100). 
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26. TMST— TIMER STATUS REGISTER 



UJJ 



RESERVED 
RESERVED 
GATE B STATE 4 
GATE A STATE -4 



TIMER A EXPIRED 
TIMER B EXPIRED 
RESERVED 
RESERVED 



TMST— Timer Status Register 



290116-34 



This register holds the status of the timers. Bits 
TBEx and TAEx generate interrupts which are re- 
flected In bit TIR of GSR. Bits GBS and GAS just 
display the counting status, they do not generate in- 
terrupts. 

GBS — Gate B State— This bit does not generate an 
interrupt. It Indicates the counting state of the soft- 
ware gate of Timer B, as written through the TMCR 
register. 

0— counting disabled 

1— counting enabled 



27. MSR— MODEM/I/O PINS REGISTER 



GAS— Gate — A State— This bit does not generate 
an interrupt. It reflects the state of the software gate 
of Timer A, as written through the TMCR register. 

0 — counting disabled 

1— counting enabled 

TBEx— Timer B Expired— When Set generates an 
interrupt through TIR bit of GSR. Indicates that Tim- 
er B count has expired. This bit is set via the terminal 
count pulse generated by the timer when it termi- 
nates counting. 

TAEx— Timer A Expired— Same as TBEx except it 
refers to Timer A. 



COMPLEMENT 555 
COMPLEMENT Rl 
COMPLEMENT DSR 
COMPLEMENT CTS 




IS 



STATE CHANGE CTS 
STATE CHANGE DSR 
(H— >L) Rl 
STATE CHANGE 5CD 



MSR— Modem/l/0 Pins Status Register 



290116-35 



This register holds the status of the Modem input 
pins (CTS, DCD, DSR, Rl). It is the source of inter- 
rupts (MSR 0-3) for the MIR bit of GSR. If any of the 
above inputs change levels the appropriate bit in 
MODEM STATUS is set. Reading MODEM STATUS 
will clear the status bits. 

DCDC— DC D C omplement- Holds the comple- 
ment of the DCD input pin if programmed as an Input 
In PMD. 

DRiC— Holds the complement of the Rl Input pin if 
programmed as an input in PMD. 

DSRC — DSR Complement— Holds the complement 
of the DSR input pin if configured as an input In 
PMD. 

CTSC — CT S Complement- Holds the complement 
of the CTS pin. 

DDCD— Delta DCD— Indicates that the DCD input 
pin has changed state since this register was last 
read. 



DRI— Delta Rl— Indicates that there was a high-to- 
low transition on the Rl input pin since the register 
was last read. 

DDSR— Delta DSR— Indicates that the DSR Input 
pin has changed state since this register was last 
read. 

DCTS— Delta CTS— Indicates that the CTS input 
pin has changed state since this register was last 
read. 



COMMAND REGISTERS 

The command registers are write only; they are used 
to trigger an operation by the device. Once the oper- 
ation is started the register Is automatically reset. 
There is a device level register as well as four block 
command registers. It Is recommended that only one 
command be issued during a write cycle. 
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28. ICM— INTERNAL COMMAND REGISTER 



6 5 



3 2 



RESERVED 



S/W RESET -SRST -4- 



1 — ► RESERVED 



RDM -POWER DOWN 
STC- STATUS CLEAR 
IKTA- INTERRUPT ACKNOWLEDGE 



ICM— Internal Command Register 



This register activates the device's general func- 
tions. 

SRST— Device Software RESET— Causes a total 
device reset; the effect is identical to the hardware 
reset (except for strapping options). The reset lasts 
four clocks and puts the device into the Default 
Wake-up Mode. 

INTA — Interrupt Acknowledge — This command is 
an explicit acknowledgement of the 8251 0's inter- 
rupt request. It forces the INT pin inactive for two 



clocks; afterwards, the INT pin may again go active if 
other enabled interrupts are pending. This command 
is provided for the Manual Acknowledge mode of 
the 82510. 

StC— Status Clear— Clears the following status reg- 
isters: RST, MSR, and TMST. 

PDM — Power Down — This command forces the de- 
vice into the power-down mode. Refer to the func- 
tional description for details. 



29. TCM— TRANSMIT COMMAND REGISTER 



RESERVED 



FR 



5 4 3 2 



□3 



-> TxDI-Tx DISABLE 
TxEn - Tx ENABLE 
FTF- FLUSH TxFIFO 
FTM - FLUSH Tx MACHINE 



290116-37 



TCM— Transmit Command Register 



This register controls the operation of the Transmit 
Machine. 

FTM— Flush Transmit Machine— Resets the 
Transmit Machine logic (but not the registers or 
FIFO) and enables transmission. 

FTF— Flush Transmit FIFO— Clears the Tx FIFO. 



TxEN— Transmit Enable 

by the Transmit Machine. 



-Enables Transmission 



TxDI— Transmit Disable— Disables transmission. If 
transmission is occurring when this command is is- 
sued the Tx Machine will complete transmission of 
the current character before disabling transmission. 
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30. RCM— RECEIVE COMMAND REGISTER 



EH 



RECEIVE ENABLE - RxE 
Rx DISABLE- RxD!-^ 
FLUSH Rx MACHINE- FRM -4- 
FLUSH Rx FIFO -FRF 4- 



a 



RESERVED 



ORF - OPEN Rx FIFO 
LRF-LOCK RxFIFO 
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RCM— Receive Command Register 



This register controls the operation of the Rx ma- 
chine. 



RxE— Receive Enable 

characters. 



-Enables the reception of 



RxDI— Receive Disable—Disables reception of 
data on RXD pin. 

FRM— Flush Receive Machine— Resets the Rx 
Machine logic (but not registers and FIFOs), enables 
reception, and unlocks the receive FIFO. 



FRF— Flush Receive FIFO— Clears the Rx FIFO. 

LRF— Locks Rx FIFO— Disables the write mecha- 
nism of the Rx FIFO so that characters subsequently 
received are not written to the Rx FIFO but are lost. 
However, reception is not disabled and complete 
status/event reporting continues. (This command 
may be used in the uLAN mode to disable loading of 
characters into the Rx FIFO until an address match 
is detected.) 

ORF— Open (Unlock) Rx FIFO— This command en- 
ables or unlocks the write mechanism of the Rx 
FIFO. 



31. TMCR— TIMER CONTROL REGISTER 



RESERVED 



4 3 2 



TIMER GATE B-TGB 4- 
TIMER GATE A-TGA -4- 



STA- START TIMER A 
STB -START TIMER B 



RESERVED 



TMCR— Timer Control Register 



This register controls the operation of the two 82510 
timers. It has no effect when the timers are config- 
ured as baud— -rate^ generators. TGA and TGB are 
not reset after command execution. 

TGB— TImer-B Gate — This bit serves as a gate for 
Timer B operation: 



1— -enables counting 
0— disables counting 

TGA— Timer-A Gate 

Timer- A operation: 



-This bit serves as a gate for 



1 —enables counting 
0 — disables counting 

STB — Start Timer B— This command triggers timer 
B. At terminal count a status bit is set in TMST 
(TBEx). 

STA — Start Timer A— This command triggers timer 
A. At terminal count a status bit is set in TMST 
(TAEx). 
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32. MCR— MODEM CONTROL REGISTER 



RESERVED 



OUTO OUTPUT BIT-OUTO -4- 
LOOPBACK CONTROL -LC 



5 4 3 2 1 



DTR-DTR OUTPUT BIT 
¥ RTS-RTS OUTPUT 

0UT1 - 0UT1 OUTPUT BIT 
0UT2 - 0UT2 OUTPUT BIT 
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MCR— Modem Control Register 



This register controls the modem output pins. With 
multi— function pins it affects only the pins config- 
ured as general purpose output pins. All the output 
pins invert the data, i.e. their output will be the com- 
plement of the data written into this register. 



OUT0--OUT0 Output Bit— This bit controls the 
OUTO pin. The output signal is the complement of 
this bit. 

LCB Loopback Control Bit— This bit puts the 
82510 into loopback mode. The particular type of 
loopback is selected via the IMD register. 



0UT2 — 0UT2 Output Bit— This bit controls the 
OUT2 pin. The output signal is the complement of 
this bit. 



0UT1- K)UT1 Output Bit— This bit controls the 
0UT1 pin. The output signal is the complement of 
this bit. 

RTS-RTS Output Bit— This bit controls the RTS 
pin. The output signal is the complement of this bit. 

DTR-DTR Output Bit— This bit controls the DTR 
pin. The output signal is the complement of this bit 



DATA REGISTERS 

The data registers hold data or other information 
and may be accessed at any time. 



33. TXD— TRANSMIT DATA REGISTER 



07^ 
D6 4^ 
D5 4- 

D4 



3 2 1 



-►DO 
-►Dl 
-►D2 
-►D3 



TXD— Transmit Data Register 



290116-53 



This register holds the next data byte to be pushed 
into the Transmit FIFO. For character formats with 
more than eight bits of data, or with additional com- 
ponents (S/W Parity, Address Marker Bit) the addi- 
tional data bits should be written into the TxF regis- 



ter. When a byte is written to this register its con- 
tents, along with the contents of the TxF register, 
are pushed to the top of the Transmit FIFO. This 
register is write only. 
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34. TXF— TRANSMIT FLAGS REGISTER 



FFT 



/alan address marker 
software parity- sp 
ninth bit data-d8 
reserved 



< 1 












4 






^ 



RESERVED 



290116-41 



TxF— Transmit Flags Register 



This register holds some additional components of 
the next character to be pushed into the Tx FIFO. 
The contents of this register are pushed into the Tx 
FIFO with the Transmit Data register whenever the 
TxD register is written to by the CPU. 

uLAN— uLAN Address Marker Bit— This bit is 
transmitted in uLAN mode as the address marker 
bit. 



SP— Software Parity Bit— This bit is transmitted in 
S/W parity mode as the character's parity bit. 

D8— Ninth Bit of Data— In nine-bit character length 
mode this bit is transmitted as the MSB (D8) bit. 



35. RXD— RECEIVE DATA REGISTER 



D7 -^-^ 

D6 < 

D5 4 

D4 4 



5 4 3 2 



□3 



DO 
■>D1 
-►D2 
-►D3 



RXD— Receive Data Register 



This register holds the earliest received character in 
the Rx FIFO. The character is right justified and 
leading bits are zeroed. This register is loaded by the 



Rx Machine with the first received character. Read- 
ing the register causes the next register from the Rx 
FIFO to be loaded into RxD and RxF registers. 
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SPECIFICATIONS ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature under Bias 0°C to 70*C 

Storage Temperature -65" to + ISOX 

Voltage on any Pin (w.r.t. Vss) - 0.5V to Vqc + 0.5V 

Voltage on Vcc Pin (w.r.t. Vss) '-0.5V to + 7V 

Power Dissipation 300 mW 

D.C. SPECIFICATIONS 



D.C. CHARACTERISTICS (Ta = 0° to yo'^c. Vcc = 5V ±10%) 



Symbol 


Parameter 


Notes 


Min 


Max 


Units 


V|L 


Input Low Voltage 


(1) 


-0.5 


0.8 


V 


V|H 


Input High Voltage 


(1) 


2.0 


Vcc-0.5 


V 


Vol 


Output Low Voltage 


(2). (9) 




0.45 


V 


VOH 


Output High Voltage 


(3). (9) 


2.4 




V 


lu 


Input Leakage Current 


(4) 




±10 


fxA 


Ilo 


3-State Leakage Current 


(5) 




±10 


juA 


'cc 


Power Supply Current 


(6) 




3.8 


mA/MHz 


Ipd 


Power Down Supply 


(7) 




2 


mA 


•stby 


Standby Supply Current 


(10) 




500 


juA 


'OHR 


RTS, DTR Strapping Current 


(11) 




0.4 


mA 


Iqlr 


RTS, DTR Strapping Current 


(12) 


11 




mA 




Input Capacitance 


(8) 


10 




pF 


Qo 


I/O Capacitance 


(8) 


10 




pF 


Cxtal 


X1,X2 Load 






10 


pF 



NOTES: 

1. Does not apply to CLK/X1 pin, when configured as crystal oscillator input (XI). 

2. @ loL = 2 mA. 

3. @ Iqh = -0-4 mA. 

4. 0 < V|N < VcQ. 

5. 0.45V < Vqut < (Vcc " 0-45). 

6. Vcc = 5.5V; V|L = 0.5V (max); V|h = Vcc " 0-5V (min); 35 mA (max); Typical value = 2.5 mA/MHz (Not Tested); Ext 
1X CLK (9 MHz max); Iol = loH = 0. 

7. Vcc = 5.5V; V|l = GND; V|h = Vcc'. 'OL = lOH Oi device at power down mode, clock running. 

8. Freq = 1 MHz. 

9. Does not apply to OUT2/X2 pin, when configured as crystal oscillator output (X2). 

1 0. Same as 7, but input clock not running. 

1 1 . Applies only during hardware reset for clock configuration options. Strapping current for logic HIGH. 

12. Applies only during hardware reset for clock configuration. Strapping current for logic LOW. 
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A.C. SPECIFICATIONS 

Testing Conditions: 

• All AC output parameters are under output load 
of 20 to 1 00 pF, unless othen/vise specified. 

• AC testing inputs are driven at 2.4 for logic '1', 
and 0.45V for logic '0'. Output timing measure- 
ments are made at 1.5V for both a logical '0' 
and '1'. 

• In the following tables, the units are ns, unless 
othen/vise specified. 

System Interface Specification— System Clocl( 
Specification: 

The 82510 system clock is supplied via the CLK pin 
or generated by an on-chip crystal oscillator. The 
clock is optionally divided by two. The CLK parame- 
ters are given separately for internal divide-by-two 
option ACTIVE and INACTIVE. 

The system clock (after division by two, if active) 
must be at least 16X the Tx or Rx baud rate (the 
faster of the two). 



SYSTEM CLOCK SPECIFICATIONS 



Symbol 


Parameter 


Min 


Max 


Notes 


DIVIDE BY TWO OPTION— ACTIVE 


Tcy/2 


CLK Period 


54 


250 


(2) 


TCLCH 


CLK Low Time 


25 






TCHCL 


CLK High Time 


25 






TCH1CH2 


CLK Rise Time 




10 


(1) 


TCL2CL1 


CLK Fall Time 




10 


(1) 


FXTAL 


External Crystal 
Frequency Rating 


4.0 


18.432 
MHz 




DIVIDE BY TWO OPTION— INACTIVE 


Tcy 


CLK Period 


108 






TCLGH 


CLK Low Tme 


54 






TCHCL 


CLK High Time 


44 


250 




TCH1CH2 


CLK Rise Time 




15 


(1) 


TCL2CL1 


CLK Fall Time 




15 


(1) 



NOTES: 

1 . Rise/fall times are measured between 0.8 and 2.0V. 

2. Tcy in ACTIVE divide by two option is TWICE the input 
clock period. 



RESET SPECIFICATION 



Symbol 


Parameter 


MIn 


Max 


Notes 


TRSHL 


Reset Width— CLK/X1 Configured to CLK 


8 Tcy 




(1) 


TTLRSL 


RTS/DTR LOW Setup to Reset Inactive 


6 Tcy 




(2) 


TRSLTX 


RTS/DTR Low Hold after Reset Inactive 


0 


Tcy - 20 


(2) 



RESET 



DTR/RTS 





— TTLRSL — 4- — TRSLTX — 

4 
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NOTES: 

1 . In case of CLK/X1 configured as XI , 1 Ms is required to guarantee crystal oscillator wake-up. 

2. RTS/DTR are internally driven HIGH during RESET active time. The pin should be either left OPEN or externally driven 
LOW during RESET according to the required configuration of the system clock. These parameters specify the timing re- 
quirements on these pins, in case they are externally driven LOW during RESET. 

The maximum spec on TRSLTX requires that the RTS/DTR pins not be forced later than TRSLTX maximum. 
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READ CYCLE SPECIFICATIONS 



Symbol 


Parameter 


Min 


Max 


Notes 


TRLRH 


RD Active Width 


2 Tcy + 65 






TAVRL 


Address/CS Setup Time to RD Active 


7 






TRHAX 


Address/CS Hold Time after RD Inactive 


0 






TRLDV 


Data Out Valid Delay after RD Active 


2Tcy + 65 






TCIAD 


Command Inactive to Active Delay 


Tcy + 15 




(1) 


TRHDZ 


Data Out Float Delay after RD Inactive 




40 





NOTE: 

1 . Command refers to either Read or Write signals. 



RD 



1^ r 



A2-0 OS 



-TRLRH- 



• TCIAD - 



TAVRL 



TRHAX 



VALID 



-I TRLDV 



D7-0 • 



TRHDZ 



VALID > ■ 



VALID 



WRITE CYCLE SPECIFICATION 



Symbol 


Parameter 


Min 


Max 


Notes 


TWLWH 


WR Active Width 


2Tcy + 15 






TAVWL 


Address CS Setup Time to WR Active 


7 






TWHAX 


Address and CS Hold Time after WR 


0 






TDVWH 


Data in Setup Time to WR Inactive 


90 


i 




TWHDX 


Data in Hold Time after WR Inactive 


12 







—TWLWH - 



A2- 



■0 CS— 1|( 



TAVWL 



)( \ 

D — 



TWHAX 



VALID 



TDVWH 



D7-0 • 



■ TCIAD — 



VALID 



> 



TWHDX 



RD- 



JT 



TCIAD 



NOTE: 

Many of the serial interface pins have more than one function; sometimes the different functions have different timings. In 
such a case, the timing of each function of a pin is given separately. 
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SCLK PIN SPECIFICATION— 16x CLOCKING MODE 



Symbol 


Parameter 


Min 


Max 


Notes 


Txcy 


SCLK Period 


216 






TXLXH 


SCLK Low Time 


93 






TXHXL 


SCLK High Time 


93 






TXH1XH2 


SCLK Rise Time 




15 


(1) 


TXL2XL1 


SCLK Fall Time 




15 


(1) 



NOTE: 

1 . Rise/fall times are measured between 0.8V and 2.0V. 



SCLK PIN SPECIFICATION— 1x CLOCK MODE 



Symbol 


Parameter 


Min 


Max 


Notes 


Txcy 


SCLK Period 


3500 






TXLXH 


SCLK Low Time 


1650 






TXHXL 


SCLK High Time 


1650 






TXH1XH2 


SCLK Rise Time 




15 


(1) 


TXL2XL1 


SCLK Fall Time 




15 


(1) 



NOTE: 

1 . Rise/fall times are measured between 0.8V and 2.0V. 



RXD SPECIFICATION (1x MODE) 



Symbol 


Parameter 


Min 


Max 


Notes 


TRPW 


RXD Setup Time to SCLK High 


250 






TRPD 


RXD Hold Time After SCLK High 


250 







SCLK 



RXD 



-H TRPW 



3C 



-TRPD- 



r 
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TXD SPECIFICATION (1x MODE) 



Symbol 


Parameter 


Min 


Max 


Notes 


TSCLKTXD 


TXD Valid Delay after SCLK Low 




170 





REMOTE LOOPBACK SPECIFICATION 



Symbol 


Parameter 


Min 


Max 


Notes 


TRXDTXD 


TXD Delay after RXD 




170 
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I CHAR 1 1^ 
IsTR DO D1 D2 D3 D4 pJsTR [ 



CHAR 2 
(PROG. CC) 
.-.J? DO D1 D2 D3 04 PjSTR 00 01 02 03 04 P 

Rxopin-Locnix]©. 



RD pin 



BREAK 

IsTR 00 01 02 OS 04 pIsTR 00 D1 02 03 04 pJsTR 

i", i", /n Li rij oxmrnj" 



STR STR 
RSTRXDRXORXORXD 



I 5CH I OOH I 20H I 




RST (7-0) OOH I 04H 

FLR (6-4) 0 



^ 



J L 

BREAK 
DETECTED 
INTERRUPT 



Receive Logic Diagram 



TXO TXD TXO TXD TXO 



INT=GSR (1) 



TXD TXO TXD 




TXD 


01 03 05 STP 


01 03 05 STP 


01 03 D5 STP 


01 03 D5 STP 


01 03 05 STP 




1 CHAR 1 


CHAR 2 


CHAR 3 


CHAR 4 


CHAR 5 
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Transmit Logic Diagram 
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PROGRAMMABLE HDLC/SDLC 
PROTOCOL CONTROLLER 



CCITT X.25 Compatible 

HDLC/SDLC compatible 

Full Duplex, Half Duplex, or Loop SDLC 
Operation 

Up to 64K Baud Synchronous Transfers 

Automatic FCS (CRC) Generation and 
Checking 

Up to 9.6K Baud with On-Board Phase 
Locked Loop 



■ Programmable NRZI Encode/Decode 

■ Two Programmable Modem Control 
Ports 

■ Digital Phase Locked Loop Clock 
Recovery 

■ Minimum CPU Overhead 

■ Fully Compatible with 8048/8080/ 
8085/8088/8086/80188/80186 CPUs 

■ Single + 5V Supply 



The Intel 8273 Programmable HDLC/SDLC Protocol Controller Is a dedicated device designed to support the 
ISO/CCITT's HDLC and IBM's SDLC communication line protocols. It is fully compatible with Intel's new high 
performance microcomputer systems such as the MCS 188/186tm. a frame level command set is achieved by 
a unique microprogrammed dual processor chip architecture. The processing capability supported by the 8273 
relieves the system CPU of the low level real-time tasks normally associated with controllers. 



TxINT RESULT 


COMMAND 


RxINT RESULT 


PARAMETER 


TEST MODE 


STATUS 




RESULT 



DATA 
BUS 



BUFFER \j \/ 



TxDRQ 
TxDACK 

RxDRQ 
RxDACK 

TxINT 
RxINT 



READ/ 
WRITE 
DMA/ 
CONTROL 
LOGIC 



INTERNAL DATA BUS 



CPU INTERFACE 




Rx LOGIC 









RxD 
RxC 



MODEM INTERFACE 



FLAG OET 


c 


1 


40 


D 


Vcc 


Tx INT 


c 


2 


39 


D 




CLK 


c 


3 


38 


D 


1^ 


RESET 


c 


4 


37 


1 




TxDACK 


c 


5 


36 






TxDRQ 


c 


6 


35 


D 




RxDACK 


c 




34 




pa; 


RxDRQ 


c 


8 


33 




pa; 


RD 


c 


9 


32 




p^ 


WR 


c 


10 


8273 31 




CD 


Rx INT 


c 


11 


30 




CTS 


OBO 


c 


12 


29 




TxD 


DB1 


c 


13 


28 




TxC 


DB2 


c 


14 


27 




RxC 


DBS 


c 


15 


26 




RxD 


DB4 


c 


16 


25 




32xCLK 


DBS 


c 


17 


24 




CS 


DB6 


c: 


18 


23 




DPLL 


DB7 


c 


19 


22 


□ 


Ai 


GNO 


c 


20 


21 
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Figure 2. Configuration 



Figure 1. Blocic Diagram 
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A BRIEF DESCRIPTION OF 
HDLC/SDLC PROTOCOLS 



General 

The High Level Data Link Control (HDLC) is a stan- 
dard communication link protocol established by In- 
ternational Standards Organization (ISO). HDLC is 
the discipline used to implement ISO X.25 packet 
switching systems. 

The Synchronous Data Link Control (SDLC) is an 
IBM communication link protocol used to implement 
the System Network Architecture (SNA). Both the 
protocols are bit oriented, code independent, and 
ideal for full duplex communication. Some common 
applications include terminal to terminal, terminal to 
CPU, CPU to CPU, satellite communication, packet 
switching and other high speed data links. In sys- 
tems which require expensive cabling and intercon- 
nect hardware, any of the two protocols could be 
used to simplify interfacing (by going serial), thereby 
reducing interconnect hardware costs. Since both 
the protocols are speed independent, reducing inter- 
connect hardware could become an important appli- 
cation. 



Network 

In both the HDLC and SDLC line protocols, accord- 
ing to a pre-assigned hierarchy, a PRIMARY (Con- 
trol) STATION controls the overall network (data 
link) and issues commands to the SECONDARY 
(Slave) STATIONS. The latter comply with instruc- 
tions and respond by sending appropriate RE- 
SPONSES. Whenever a transmitting station must 
end transmission prematurely it sends an ABORT 
character. Upon detecting an abort character, a re- 
ceiving station ignores the transmission block called 
a FRAME. Time fill between frames can be accom- 
plished by transmitting either continuous frame pre- 
ambles called FLAGS or an abort character. A time 
fill within a frame is not permitted. Whenever a sta- 
tion receives a string of more than fifteen consecu- 
tive ones, the station goes into an IDLE state. 



Frames 

A single communication element is called a FRAME 
which can be used for both Link Control and data 
transfer purposes. The elements of a frame are the 



beginning eight bit FLAG (F) consisting of one zero, 
six ones, and a zero, an eight bit ADDRESS FIELD 
(A), an eight bit CONTROL FIELD (C). a variable 
(N-bit) INFORMATION FIELD (I), a sixteen bit 
FRAME CHECK SEQUENCE (FCS), and an eight bit 
end FLAG (F), having the same bit, pattern as the 
beginning flag. In HDLC the Address (A) and Control 
(C) bytes are extendable. The HDLC and the SDLC 
use three types of frames; an Information Frame is 
used to transfer data, a Supervisory Frame is used 
for control purposes, and a Non-sequenced Frame 
is used for initialization and control of the secondary 
stations. 



Frame Characteristics 

An important characteristic of a frame is that is con- 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can 
adopt any format or code suitable for his system— it 
may even be a computer word length or a "memory 
dump". The frame is bit oriented that is, bits, not 
characters in each field, have specific meanings. 
The Frame Check Sequence (FCS) is an error de- 
tection scheme similar to the Cyclic Redundancy 
Checkword (CRC) widely used in magnetic disk stor- 
age devices. The Command and Response informa- 
tion frames contain sequence numbers in the control 
fields identifying the sent and received frames. The 
sequence numbers are used in Error Recovery Pro- 
cedures (ERP) and as implicit acknowledgement of 
frame communication, enhancing the true full-duplex 
nature of the HDLC/SDLC protocols. 

In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immedi- 
ate acknowledgement frames. HDLC/SDLC there- 
fore saves propagation delay times and have a po- 
tential of twice the throughput rate of BISYNC. 

It is possible to use HDLC or SDLC over half duplex 
lines but there is a corresponding loss in throughput 
because both are primarily designed for full-duplex 
communication. As in any synchronous system, the 
bit rate is determined by the clock bits supplied by 
the modem, protocols themselves are speed inde- 
pendent. 

A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZI) 
data transmission/reception compatibility. The latter 
allows HDLC/SDLC protocols to be used with asyn- 
chronous data communication hardware in which 
the clocks are derived from the NRZI encoded data. 
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OPENING 
FLAG (F) 


ADDRESS 
FIELD (A) 


CONTROL 
FIELD (C) 


INFORMATION 
FIELD (1) 


FRAME CHECK 
SEQUENCE (FCS) 


CLOSING 
FLAG (F^ 






01111110 


8 BITS 


8 BITS 


VARIABLE LENGTH 
(ONLY IN 1 FRAMES) 


16 BITS 


01111110 
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Figure 3. Frame Format 
Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


Vcc 


40 




POWER SUPPLY: + 5V Supply. 


GND 


20 




GROUND: Ground. 


RESET 


4 


1 


RESET: A high signal on this pin will force the 8273 to an idle state. 
The 8273 will remain idle until a command is issued by the CPU. The 
modem interface output signals are forced high. Reset must be true for 
a minimum of 1 0 TOY. 


CS 


24 


1 


CHIP SELECT: The RD and WR inputs are enabled by the chip select 
input. 


DB0-DB7 


12-19 


I/O 


DATA BUS: The Data Bus lines are bidirectional three-state lines 
which interface with the system Data Bus. 


WR 


10 


1 


WRITE INPUT: The Write signal is used to control the transfer of either 
a command or data from CPU to the 8273. 


RD 


9 


1 


READ INPUT: The Read sighal is used to control the transfer of either 
a data byte or a status word from the 8273 to the CPU. 


TxINT 


2 


0 


TRANSI\/IITTER INTERRUPT: The Transmitter interrupt signal 
indicates that the transmitter logic requires service. 


RxINT 


11 


0 


RECEIVER INTERRUPT: The Receiver interrupt signal indicates that 
the Receiver logic requires service. 


TxDRQ 


6 


0 


TRANSMITTER DATA REQUEST: Requests a transfer of data 
between memory and the 8273 for a transmit operation. 


RxRDQ 


8 


0 


RECEIVER DMA REQUEST: Requests a transfer of data between the 
8273 and memory for a receive operation. 
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Table 1. Pin Description (Continued) 



symDoi 


Pin 
No. 


Type 


Name and Function 


TXDACK 


5 


1 


TRANSMITTER DMA ACKNOWLEDGE: The Transmitter DMA 
acknowledge signal notifies the 8273 that the TxDMA cycle has been 
granted. 


RxDACK 


7 


1 


RECEIVER DMA ACKNOWLEDGE: The Receiver DMA acknowledge 
signal notifies the 8273 that the RxDMA cycle has been granted. 


A0-A1 


21-22 


1 


ADDRESS: These two lines are CPU Interface Register Select lines. 


TxD 


29 


0 


TRANSMITTER DATA: This line transmits the serial data to the 
communication channel. 


TxC 


28 


1 


TRANSMITTER CLOCK: The transmitter clock is used to synchronize 
the transmit data. 


RxD 


26 


1 


RECEIVER DATA: This line receives serial data from the 
communication channel. 


RxC 


27 


1 


RECEIVER CLOCK: The Receiver Clock is used to synchronize the 
receive data. 


32X CLK 


25 


1 


32X CLOCK: The 32X clock is used to provide clock recovery when an 
asynchronous modem is used. In loop configuration the loop station 
can run without an accurate 1 X clock by using the 32X CLK in 
conjunction with the DPLL output. (This pin must be grounded when 
not used.) 


DPLL 


23 


0 


DIGITAL PHASE LOCKED LOOP: Digital Phase Locked Loop output 
can be tied to RxC and/or TxC when IX clock is not available. DPLL is 
used with 32X CLK. 


FLAG DET 


1 


0 


FLAG DETECT: Flag Detect signals that a flag (01111110) has been 
received by an active receiver. 


RTS 


35 


0 


REQUEST TO SEND: Request to Send signals that the 8273 is ready 
to transmit data. 


CTS 


30 


1 


CLEAR TO SEND: Clear to Send signals that the modem is ready to 
accept data from the 8273. 


CD 


31 


1 


CARRIER DETECT: Carrier Detect signals that the line transmission 
has started and the 8273 may begin to sample data on RxD line. 


PA2-4 


32-34 


1 


GENERAL PURPOSE INPUT PORTS: The logic levels on these lines 
can be Read by the CPU through the Data Bus Buffer. 


PB1-4 


36-39 


0 


GENERAL PURPOSE OUTPUT PORTS: The CPU can write these 
output lines through Data Bus Buffer. 


CLK 


' 3 


1 


CLOCK: A square wave TTL clock. 
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FUNCTIONAL DESCRIPTION 



General 

The Intel 8273 HDLC/SDLC controller is a micro- 
computer peripheral device which supports the In- 
ternational Standards Organization (ISO) High Level 
Data Link Control (HDLC), and IBM Synchronous 
Data Link Control (SDLC) communications proto- 
cols. This controller minimizes CPU software by sup- 
porting a comprehensive frame-level instruction set 
and by hardware implementation of the low level 
tasks associated with frame assembly/disassembly 
and data integrity. The 8273 can be used in either 
synchronous or asynchronous applications. 

In asynchronous applications the data can be pro- 
grammed to be encoded/decoded in NRZI code. 
The clock is derived from the NRZI data using a digi- 
tal phase locked loop. The data transparency is 
achieved by using a zero-bit insertion/deletion tech- 
nique. The frames are automatically checked for er- 
rors during reception by verifying the Frame Check 
Sequence (FCS); the PCS is automatically generat- 
ed and appended before the final flag in transmit. 
The 8273 recognizes and can generate flags 
(01111110) Abort, Idle, and GA (EOP) characters. 

The 8273 can assume either a primary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SDLC loop configuration as typi- 
fied by the IBM 3650 Retail Store System by pro- 
gramming the 8273 into a one-bit delay mode. In 
such a configuration, a two wire pair can be effec- 
tively used for data transfer between controllers and 
loop stations. The digital phase locked loop output 
pin can be used by the loop station without the pres- 
ence of an accurate Tx clock. 



CPU Interface 

The CPU interface is optimized for the MCS-80/ 
85TM bus with an 8257 DMA controller. However, 
the interface is flexible, and allows either DMA or 
non-DMA data transfers, interrupt or non-interrupt 
driven. It further allows maximum line utilization by 
providing early interrupt mechanism for buffered 
(only the information field can be transferred to 
memory) Tx command overlapping. It also provides 
separate Rx and Tx interrupt output channels for ef- 
ficient operation. The 8273 keeps the interrupt re- 
quest active until all the associated interrupt results 
have been read. 

The CPU utilizes the CPU interface to specify com- 
mands and transfer data. It consists of seven regis- 
ters addressed via CIA, Ai, Aq, RD and WR signals 
and two independent data registers for receive data 
and transmit data. Ai , Aq are generally derived from 
two low order bits of the address ^us. If an 8080 
based CPU is utilized, t he RD and WR s ignals may 
be driven by the 8228 I/OR and l/OW. The table 
shows the seven register select decoding: 



Ai 


Aq 












Register 


TxDACK 


RxDACK 


cs 


RD 


WR 


0 


0 






0 


1 


0 


Command 


0 


0 






0 


0 


1 


Status 


0 


1 






0 


1 


0 


Parameter 


0 


1 






0 


0 


1 


Result 


1 


0 






0 


1 


0 


Reset 


1 


0 






0 


0 


1 


TxINT Result 


1 


1 






0 


1 


0 




1 


1 






0 


0 


1 


RxINT Result 


X 


X 


0 




1 


1 


0 


Transmit Data 


X 


X 


1 


0 


1 


0 


1 


Receive Data 
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RESET 
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READ/ 
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TxD 
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J 
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FLAG DET 
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Figure 4. 8273 Block Diagram Showing CPU interface Functions 
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Register Description 

COMMAND 

Operations are initiated by writing an appropriate 
command in tlie Command Register. 



PARAMETER 

Parameters of commands tliat require additioal in- 
formation are written to this register. 



RESULT 

Contains an immediate result describing an outcome 
of an executed command. 

TRANSMIT INTERRUPT RESULT 

Contains the outcome of 8273 transmit operation 
(good/bad completion). 



RECEIVE INTERRUPT RESULT 

Contains the outcome of 8273 receive operation 
(good/bad completion), followed by additional re- 
sults which detail the reason for interrupt. 



STATUS 

The status register reflects the state of the 8273 
CPU Interface. 



DMA Data Transfers 

The 8273 CPU interface supports two independent 
data interfaces: receive data and transmit data. At 
high data transmission speeds the data transfer rate 
of the 8273 is great enough to justify the use of di- 
rect memory access (DMA) for the data transfers. 
When the 8273 is configured in DMA mode, the ele- 
ments of the DMA interfaces are: 



TxDRO: TRANSMIT DMA REQUEST 

Requests a transfer of data between memory and 
the 8273 for a transmit operation. 



TxDACK: TRANSMIT DMA ACKNOWLEDGE 



The TxDACK signal notifies the 8273 that a transmit 
DMA cycle has been granted. It is also used with 
WR tojtransfer data to the 8273 in non-DMA mode. 
Note: RD must not be asserted while TxDACK is 
active. 



RxDRQ: RECEIVE DMA REQUEST 

Requests a transfer of data between the 8273 and 
memory for a receive operation. 



RxDACK: RECEIVE DMA ACKNOWLEDGE 



The RxDACK signal notifies the 8273 that a receive 
DMA cycle has been granted. It is also used with RD 
to read data from the 8273 in no n-DMA m ode. Note: 
WR must not be asserted while RxDACK is active. 



RD, WR: READ, WRITE 

The RD and WR signals are used to specify the di- 
rection of the data transfer. 

DMA transfers require the use of a DMA controller 
such as the Intel 8257. The function of the DMA 
controller is to provide sequential addresses and 
timing for the transfer, at a starting address deter- 
mined by the CPU. Counting of data blocks lengths 
is performed by the 8273. 

To request a DMA transfer the 8273 raises the ap- 
propriate DMA REQUEST. DMA ACKNOWLEDGE 
and READ enables DMA data onto the bus (inde- 
pendently of CHIP SELECT). DMA ACKNOWLEDGE 
and WRITE transfers DMA data to the 8273 (inde- 
pendent of CHIP SELECT). 

It is also possible to configure the 8273 in the non- 
DMA data transfer mode. In this mode the CPU 
module must pass data to the 8273 in response to 
non-DMA data requests indicated by status word. 



miodem Interface 

The 8273 Modem interface provides both dedicated 
and user defined modem control functions. All the 
control signals are active low so that EIA RS-232C 
inverting drivers (MC 1488) and inverting receivers 
(MC 1489) may be used to interface to standard mo- 
dems. For asynchronous operation, this interface 
supports programmable NRZI data encode/decode, 
a digital phase locked loop for efficient clock extrac- 
tion from NRZI data, and modem control ports with 
automatic CIS, CD monitoring and RTS generation. 
This interface also allows the 8273 to operate in 
PRE-FRAME SYNC mode in which the 8273 prefix- 
es 16 transitions to a frame to synchronize idle lines 
before transmission of the first flag. 

It should be noted that all the 8273 port operations 
deal with logical val ues, f or instance, bit DO of Port A 
will be a one when CTS (Pin 30) is a physical zero 
(logical one). 
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PORT A — INPUT PORT 

Durin g operation, the 8273^ interrogates inp ut pin s 
CTS (Clear to Send) and CD (Carrier Detect). CIS is 
used to conditio n the start of a transmission. If dur- 
ing transmission CTS is lost the 8273 generates an 
interrupt. During reception, if CD is lost, the 8273 
generates an interrupt. 



X 


X 


« 1 












1 


1 


1 CTS - CLEAR TO SEND 
CD - CARRIER DETECT 



USER DEFINED INPUT PA4, PA3, PA2 
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The user defined input bits correspond to the 8273 
PA4, PA3 and PA2 pins. The 8273 does not interro- 
gate or manipulate these bits. 



PORT B - OUTPUT PORT 

During normal operation, if the CPU sets RTS active, 
the 8273 will n ot change this pin; however. If the 
CPU sets RTS inactive, the 8273 will activate it be- 
fore each transmission and deactivate it one byte 
time after transmission. While the receiver is active 
the flag detect pin is pulsed each time a flag se- 
quence is detected in the receive data stream. Fol- 
lowing an 8273 reset, all pins of Port B are set to a 
high, inactive level. 

D^C^I^D, D,D,D,q, 
X X 

I 1 ' 1 RTS - REQUEST TO SEND 

USER DEFINED OUTPUT PB4, PB3, PB2, PBi 



FLAG DETECT 

210479-39 

The user defined output bits correspond to the state 
of PB4-PB1 pins. The 8273 does not interrogate or 
manipulate these bits. 



Serial Data Logic 

The Serial data is synch ronized by the user transmit 
(TxC ) and receive (RxC) clocks. The leading edge of 
TxC gen erate s new transmit data and the trailing 
edge of RxC is used to capture receive data. The 
NRZI encoding/decoding of the receive and trans- 
mit data is programmable. 

The diagnostic features included in the Serial Data 
logic are programmable loop back of data and se- 
lectable clock for the receiver. In the loop-back 
mode, the data presented to the TxD pin is internally 
routed to the receive data input circuitry in place of 
the RxD pin, thus allowing a CPU to send a message 
to itself to verify operation of the 8273. 

In the selectable clock diagnostic feature, when the 
data is looped back, the receiver may be presented 
incorrect sample timing by the external circuitry. The 
user may select to substitute the TxC pin for the RxC 
input on-chip so that the clock used to generate the 
loop back data is used to sample it. S ince TxD is 
generated off the leading edge of TxC and RxD is 
sampled on the trailing edge, the selected clock al- 
lows bit synchronism. 



ASYNCHRONOUS MODE INTERFACE 

Although the 8273 is fully compatible with the 
HDLC/SDLC communication line protocols, which 
are primarily designed for sychronous communica- 
tion, the 8273 can also be used in asynchronous 
applications by using this interface. The interface 
employs a digital phase locked loop (DPLL) for clock 
recovery from a receive data stream and program- 
mable NRZI encoding and decoding of data. The 
use of NRZI coding with SDLC transmission guaran- 
tees that within a frame, data transitions will occur at 
least every five bit times — the longest sequence of 
ones which may be transmitted without zero-bit in- 
sertion. The DPLL should be used only when NRZI 
coding is used since the NRZI coding will transmit 
zero sequence as line transitions. The digital phase 
locked loop also facilitates full-duplex and half-du- 
plex asynchronous implementation with, or without 
modems. 
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Figure 5. 8273 Block Diagram Siiowing Control Logic Functions 




Figure 6. Transmit/Receive Timing 
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DIGITAL PHASE LOCKED LOOP 

In asynchronous applications, the clock is derived 
from the receiver data stream by the use of the digi- 
tal phase locked loop (DPLL). The DPLL requires a 
clock input at 32 times the required b aud rate. The 
receive data (RxD) is sampled with this 32X CLK and 
the 8273 DPLL supplies a sample pulse nomminally 
centered on the RxD bit cells. The DPLL has a built- 
in "stiffness" which reduces sensitivity to line noise 
and bit distortion. This is accomplished by making 
phase error adjustments in discrete increments. 
Since the no minal pu lse is made to occur at 32 
counts of the 32X CLK, these counts are subtracted 
or added to the nominal, depending upon which 
quadrant of the four error quadrants the data edge 
occurs in. For example if an RxD edge is detected in 



quadrant A1, it is apparent that the DPLL sample 
"A" was placed too close to the trailing edge of the 
data cell; sample "B" will then be pla ced at T = 
(Tnomlnal " 2 counts) = 30 counts of the 32X CLK to 
move the sample pulse "B" toward the nominal cen- 
ter of the next bit cell. A data edge occuring in quad- 
rant B1 would cause a sm aller adju stment of phase 
with T = 31 cou nts of the 32X CLK. Using this tech- 
nique the DPLL pulse will converge to nominal bit 
center within 1 2 data bit times, worst case, with con- 
stant incoming RxD edges. 

A method of attaining bit synchronism following a 
line idle is to use PRE-FRAME SYNC mode of trans- 
mission. 



RxD 



X 



X 



X 



DPLL 
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A1 


B1 


B2 
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1 







ADJUSTMENT 



+1 +2 
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Figure 7. DPLL Sample Timing 
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SYNCHRONOUS MODEM— DUPLEX OR HALF DUPLEX OPERATION 
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ASYNCHRONOUS MODES— DUPLEX OR HALF DUPLEX OPERATION 
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ASYNCHRONOUS— NO MODEMS— DUPLEX OR HALF DUPLEX 
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SDLC LOOP 

The DPLL simplifies the SDLC loop station imple- 
mentation. In this application, each secondary sta- 
tion on a loop data link is a repeater set in one-bit 
delay mode. The signals sent out on the loop by the 
loop controller (primary station) are relayed from sta- 
tion to station then, back to the controller. Any sec- 



ondary station finding its address in the A field cap- 
tures the frame for action at that station. All received 
frames are relayed to the next station on the loop. 

Loop stations are required to derive bit timing from 
the incoming NRZI data stream. The DPLL gener- 
ates sample Rx clock timing for reception and uses 
the same clock to implement Tx clock timing. 
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Figure 8. SDLC Loop Application 
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PRINCIPLES OF OPERATION 

The 8273 is an intelligent peripheral controller which 
relieves the CPU of many of the rote tasks associat- 
ed with constructing and receiving frames. It is fully 
compatible with the MCS-80/85tm system bus. As a 
peripheral device, it accepts commands from a CPU, 
executes these commands and provides an Interrupt 
and Result back to the CPU at the end of the execu- 
tion. The communication with the CPU is done by 
activation of CS, RD, WR, pins while the Ai, Aq se- 
\ lect the appropriate registers on the chip as de- 
scribed in the Hardware Description Section. 

The 8273 operation is composed of the following 
sequence of events: 



COMMAND PHASE 



CPU WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 



EXECUTION PHASE THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND 



RESULT PHASE 



THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU MUST PERFORM A READ 
OPERATION OF ONE OR MORE OF THE REGISTERS. 

210479-40 



The Command Place 

During the command phase, the software writes a 
command to the command register. The command 
bytes provide a general description of the type of 
operation requested. Many commands require more 
detailed information about the command. In such a 
case up to four parameters are written into the pa- 
rameter register. The flowchart of the command 
phase indicates that a command may not be issued 
if the Status Register indicates that the device is 
busy. Similarly if a parameter is issued when the Pa- 
rameter Buffer shows full, incorrect operation will oc- 
cur. 

The 8273 is a duplex device and both transmitter 
and receiver may each be executing a command or 
passing results at any given time. For this reason 
separate interrupt pins are provided. However, the 
command register must be used for one command 
sequence at a time. 

STATUS REGISTER 

The status register contains the status of the 8273 
activity. The description is as follows. 

D7 De D5 D4 D3 D2 Dj Dp 
I CBSY I DBF I CPBF | CRBF | RxINT | TxINT | RxIRA | TxIRA | 



Bit 7 CBSY (Command Busy) 

Indicates in-progress command, set for CPU poll 
when Command Register is full, reset upon com- 
mand phase completion. It is improper to write a 
command when CBSY is set; it results in incorrect 
operation. 



^ START ^ 




^ END ^ 



END OF COMMAND PHASE 



Figure 9. Command Phase Fiowchart 



Bit 6 CBF (Command Buffer Full) 

Indicates that the command register is full, it is reset 
when the 8273 accepts the command byte but does 
not imply that execution has begun. 



Bit 5 CPBF (Command Parameter Buffer Full) 

CPBF is set when the parameter buffer is full, and is 
reset by the 8273 when it accepts the parameter. 
The CPU may poll CPBF to determine when addi- 
tional parameters may be written. 
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Bit 4 CRBF (Command Result Buffer Full) 

Indicates that an executed command immediate re- 
sult is present in the Result Register. It is set by 
8273 and reset when CPU reads the result. 



Bit 3 RxINT (Receiver Interrupt) 

RxINT indicates that the receiver requires CPU at- 
tention. It is identical to RxINT (pin 11) and Is set by 
the 8273 either upon good/bad completion of a 
specified command or by Non-DMA data transfer. It 
is reset only after the CPU has read the result byte 
or has received a data byte from the 8273 in a Non- 
DMA data transfer. 



Bit 2 TxINT (Transmitter Interrupt) 

The TxINT indicates that the transmitter requires 
CPU attention. It is identical to TxINT (pin 2). It is set 
by 8273 either upon good/bad completion of a spec- 
ified command or by Non-DMA data transfer. It is 
reset only after the CPU has read the result byte or 
has transferred transmit data byte to the 8273 in a 
Non-DMA transfer. 



Bit 1 RxIRA (Receiver Interrupt Result 
Available) 

The RxIRA is set by the 8273 when an interrupt re- 
sult byte is placed in the RxINT register. It is reset 
after the CPU has read the RxINT register. 



Bit 0 TxIRA (Transmitter Interrupt Result 
Available) 

The TxIRA is set by the 8273 when an interrupt re- 
sult byte is placed in the TxINT register. It is reset 
when the CPU has read the TxINT register. 

THE EXECUTION PHASE 

Upon accepting the last parameter, the 8273 enters 
into the Execution Phase. The execution phase may 
consist of a DMA or other activity, and may or may 
not require CPU intervention. The CPU intervention 
is eliminated in this phase if the system utilizes DMA 
for the data transfers, othen/vise, for non-DMA data 
transfers, the CPU is interrupted by the 8273 via 
TxINT and RxINT pins, for each data byte request. 

THE RESULT PHASE 

During the result phase, the 8273 notifies the CPU of 
the execution outcome of a command. This phase is 
initiated by: 

1 . The successful completion of an operation 

2. An error detected during an operation. 

To facilitate quick network software decisions, two 
types of execution results are provided: 

1. An Immediate Result 

2. A Non-Immediate Result 



D7 Dg D5 D4 D3 D2 D, Dq 





06 


DS 




D7 




D5 


D4 


D3 


D2 




Do 


Receiver Interrupt Result Code 


Rx Status After INT 


1 


1 


1 


All 8 bits received v 








0 


0 


0 


0 


0 


A-| match or general receive 


Active 


0 


0 


0 


Dq received 1 








0 


0 


0 


0 


1 


A2 match 


Active 


1 


0 


0 


Di-Dq received 1 . 




0 


0 


0 


0 


0 


1 


1 


ORG error 


Active 


0 


1 


0 


D2-D0 received 




0 


0 


0 


0 


1 


0 


0 


Abort detected 


Active 


1 


1 


0 


D3-D0 received / 




0 


0 


0 


0 


1 


0 


1 


Idle detect 


Disabled 


0 


0 


1 


D4-D0 received 1 




0 


0 


0 


0 


1 


1 


0 


EOP detected 


Disabled 


1 


0 


1 


D5-DQ received 1 




0 


0 


0 


0 


1 


1 


1 


Frame less than 32 bits 


Active 


0 


1 


1 


Dq-Dq received / 




0 


0 


0 


1 


0 


0 


0 


DMA overrun detected 


Disabled 










0 


0 


0 


0 


1 


0 


0 


1 


Memory buffer overflow 


Disabled 










0 


0 


0 


0 


1 


0 


1 


0 


Carrier detect failure 


Disabled 










0 


0 


0 


0 


1 


0 


1 


1 


Receive Inten-upt overrun 


Disabled 




* Partial Byte Received 
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Figure 10. Rx Interrupt Result Byte Format 



2-93 



8273 



D5 



D4 



D3 



D2 



Do 



D4 P3 D2 Dl Dp 
0 1 1 0 0" 

Early transmit interrupt 
Frame transmit complete 
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( Abort complete 

Figure 11. Tx Interrupt Result Byte Format 



01101 
01110 
01111 
10000 
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Immediate result is provided by the 8273 for com- 
mands such as R ead P ort A and Read Port B which 
have Information (CTS, CD, RTS, etc.) that the net- 
work software needs to make quick operational de- 
cisions. 

A command which cannot provide an immediate re- 
sult will generate an interrupt to signal the beginning 
of the Result phase. The immediate results are pro- 
vided in the Result Register; all non-immediate re- 
sults are available upoh device interrupt, through Tx 
Interrupt Result Register Txl/R or Rx Interrupt Re- 
sult Register Rxl/R. The result may consist of a one- 
byte interrupt code indicating the condition for the 



interrupt and, if required, one or more bytes which 
detail the condition. 



Tx and Rx Interrupt Result Registers 

The Result Registers have a result code, the three 
high order bits D7-D5 of which are set to zero for all 
but the receive command. This command result con- 
tains a count that indicates the number of bits re- 
ceived in the last byte. If a partial byte is received, 
the high order bits of the last data byte are indeter- 
minate. 

All results indicated in the command summary must 
be read during the result phase. 
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Figure 12. Result Phase Flowchart— Interrupt Results 
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Figure 13. (Rx Interrupt Service) 



DETAILED COMMAND DESCRIPTION 



General 

The 8273 HDLC/SDLC controller supports a com- 
prehensive set of high level commands which allows 
the 8273 to be readily used in full-duplex, half-du- 
plex, synchronous, asynchronous and SDLC loop 
configuration, with or without modems. These frame- 
level commands minimize CPU and software over- 
head. The 8273 has address and control byte buff- 
ers which allow the receive and transmit commands 
to be used in buffered or non-buffered modes. 

In buffered transmit mode, the 8273 transmits a flag 
automatically, reads the Address and Control buffer 
registers and transmits the fields, then via DMA, it 
fetches the information field. The 8273, having 
transmitted the information field, automatically ap- 
pends the Frame Check Sequence (FCS) and the 
end flag. Correspondingly, in buffered read mode, 
the Address and Control fields are stored in their 
respective buffer registers and only Information 
Field is transferred to memory. 

In non-buffered transmit mode, the 8273 transmits 
the beginning flag automatically, then fetches and 
transmits the Address, Control and Information 
fields from the memory, appends the FCS character 
and an end flag. In the non-buffered receive mode 
the entire contents of a frame are sent to memory 
with the exception of the flags and FCS. 



HDLC Implementation 

HDLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of 
the field to be extended to a one, a zero in the low 
order bit indicates the last byte of the respective 
field. 



Since Address/Control field extension is normally 
done with software to maximize extension flexibility, 
the 8273 does not create or operate upon contents 
of the extended HDLC Address/Control fields. Ex- 
tended fields are transparently passed by the 8273 
to user as either interrupt results or data transfer 
requests. Software must assemble the fields for 
transmission and interrogate them upon reception. 

However, the user can take advantage of the power- 
ful 8273 commands to minimize CPU/Software 
overhead and simplify buffer management in han- 
dling extended fields. For instance buffered mode 
can be used to separate the first two bytes, then 
interrogate the others from buffer. Buffered mode is 
perfect for a two byte address field. 

The 8273 when programmed, recognizes protocol 
characters unique to HDLC such as Abort, which is a 
string of seven or more ones (01111111). Since 
Abort character Is the same as the GA (EOP) char- 
acter used In SDLC Loop applications.. Loop Trans- 
mit and Receive commands are not recommended 
to be used in HDLC. HDLC does not support Loop 
mode. 

Initialization Set/Reset Commands 

These commands are used to manipulate data with- 
in the 8273 registers. The Set commands have a 
single parameter which is a mask that corresponds 
to the bits to be set. (They perform a logical-OR of 
the specified register with the mask provided as a 
parameter). The Register commands have a single 
parameter which is a mask that has a zero in the bit 
positions that are to be reset. (They perform a logi- 
cal-AND of the specified register with the mask). 

SET ONE-BIT DELAY (CMD CODE A4) 





Ai 


Ao 


D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 


CMD: 


0 


0 


1 


0 


1 
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0 


0 


0 


0 


0 
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When one bit delay is set, 8273 retransmits the re- 
ceived data stream one bit delayed. This mode is 
entered at a receiver character boundary, and 
should only be used by Loop Stations. 



RESET ONE-BIT DELAY (CMD CODE 64) 
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The 8273 stops the one bit delayed retransmission 
mode. 



SET DATA TRANSFER MODE (CMD CODE 97) 
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0 
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When the data transfer mode is set, the 8273 will 
interrupt when data bytes are required for transmis- 
sion or are available from a receive. If a transmit 
interrupt occurs and the status indicates that there is 
no Transmit Result (TxIRA = 0), the interrupt is a 
transmit data request. If a receive interrupt occurs 
and the status indicates that there is no receive re- 
sult (RxIRA = 0), the interrupt is a receive data re- 
quest. 



RESET DATA TRANSFER MODE (CMD CODE 
57) 
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If the Data Transfer Mode is reset, the 8273 data 
transfers are performed through the DMA requests 
without interrupting the CPU. 



SET OPERATING MODE (CMD CODE 91) 

A, Aq D; Dg D3 Dg P, Dp 

CMD: 0 0 1 0 0 1 0 0 0 1 
PAR. 0 10 0 

I 1 = FLAG STREAM MODE 
1 1 = PREFRAME SYNC MODE 

I 1 ° BUFFERED MODE 

1 1 - EARLY INTERRUPT MODE 

1 = EOP INTERRUPT MODE 



RESET OPERATING MODE (CMD CODE 51) 
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Any mode switches set in CMD code 91 can be re- 
set using this command by placing zeros in the ap- 
propriate positions. 



(D5) HDLC MODE 

In HDLC mode, a bit sequence of seven ones 
(01111111) is interpreted as as an abort character. 
Othen/vise, eight ones (01 1 1 1 1 1 1 1) signal an abort. 

(D4) EOP INTERRUPT MODE 

In EOP Interrupt mode, an interrupt is generated 
whenever an EOP character (01111111) is detected 
by an active receiver. This mode is useful for the 
implementation of an SDLC loop controller in detect- 
ing the end of a message stream after a loop poll. 

(D3) TRANSMITTER EARLY INTERRUPT MODE 
(Tx) 

The early interrupt mode is specified to indicate 
when the 8273 should generate an end of frame in- 
terrupt. When set, an early interrupt is generated 
when the last data character has been passed to the 
8273. If the user software responds with another 
transmit command before the final flag is sent, the 
final flag interrupt will not be generated and a new 
frame will immediately begin when the current frame 
is complete. This permits frames to be separated by 
a single flag. If no additional Tx commands are pro- 
vided, a final interrupt will follow. 

NOTE: 

In buffered mode, if a supervisory frame (no Infor- 
mation) Transmit command is sent in response to 
an early Transmit Interrupt, the 8273 will repeatedly 
transmit the same supervisory frame with one flag 
in between, until a non-supervisory transmit is is- 
sued. 

Early transmitter interrupt can be used in buffered 
mode by waiting for a transmit complete interrupt 
instead of early Transmit Interrupt before issuing a 
transmit frame command for a supervisory frame. 
See Figure 14. 



1 = HDLC MODE 

210479-34 
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Tx INTERRUPT PROCEDURE 



OTHER 




CLEAR FRAME- 
WAITING CONDITION 



OTHER PROCESSINQ 

210479-15 

Figure 14 

If this bit is zero, tine interrupt will be generated only 
after the final flag has been transmitted. 

(D2) BUFFERED MODE 

If the buffered mode bit is set to a one, the first two 
bytes (normally the address (A) and control (C) 
fields) of a frame are buffered by the 8273. If this bit 
is a zero the address and control fields are passed 
to and from memory. 

(D1) PREFRAME SYNC MODE 

If this bit is set to a one the 8273 will transmit two 
characters before the first flag of a frame. 

To guarantee sixteen line transitions, the 8273 
sends two bytes of data (00)h if NRZI is set or data 
(55)h if NRZI Is not set. 



(DO) FLAG STREAM MODE 

If this bit is set to a one, the following table outlines 
the operation of the transmitter. 



Transmitter State 


Action 


Idle 

Transmit or Transmit | 
Transparent Active J 

Loop Transmit Active 

1 Bit Delay Active 


Send Flags Immediately. 

Send Flags After the 
Transmission Complete 

Ignore Command. 

Ignore Command. 



If this bit is reset to zero the following table outlines 
the operation of the transmitter 



Transmitter State 


Action 


IDLE 

Transmit or Transmit- 1 
Transparent Active J 

Loop Transmit Active 
1 Bit Delay Active 


Sends Idles on Next 
Character boundary. 

Send Idles after the 
Transmission 
is Complete. 

Ignore Command. 

Ignore Command. 



SET SERIAL I/O MODE (CMD CODE AO) 

^1 ^) P? De Ps P4 P3 Pz Pi PQ 

CMD: 0010100000 
PAR: 0 1 0 0 0 0 0 

I 1 " NRZI MODE 

1 =■ TxC -»RxC 

1 = LOOP BACK TxD RxD 

210479-16 

RESET SERIAL I/O MODE (CMD CODE 60) 



This command allows bits set in CMD code AO to be 
reset by placing zeros in the appropriate positions. 
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0 
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1 


1 


. 1 


1 


1 


1 









(D2) LOOP BACK 

If this bit is set to a one, the transmit data is internal- 
ly routed to the receive data circuitry. 
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(DI)TxC RxC 

If this bit is set to a one, the transmit clock is inter- 
nally routed to the receive clock circuitry. It is nor- 
mally used with the loop back bit (D2). 



(DO) NRZI MODE 

If this bit is set to a one, NRZI encoding and decod- 
ing of transmit and receive data is provided. If this bit 
is a zero, the transmit and receive data is treated as 
a normal positive logic bit stream. 

NRZI encoding specifies that a zero causes a 
change in the polarity of the transmitted signal and a 
one causes no polarity change. NRZI is used in all 
asynchronous operations. Refer to IBM document 
GA27-3093 for details. 



Reset Device Command 
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TMR: 


1 


0 


0 


0 


0 


0 


0 


0 


0 


1 


TMR: 


1 


0 


0 


0 


0 


0 


0 


0 


0 


0 



An 8273 reset command is executed by outputting a 
(01 )h followed by (00)h to the reset register (TMR). 
See 8273 AC timing characteristics for Reset pulse 
specifications. 

The reset command emulates the action of the reset 
pin. 

1) The modem control signals are forced high (inac- 
tive level). 

2) The 8273 status register flags are cleared. 

3) Any commands in progress are terminated imme- 
diately. 

4) The 8273 enters an idle state until the next com- 
mand is issued. 

5) The Serial I/O and Operating Mode registers are 
set to zero and DMA data register transfer mode 
is selected. 

6) The device assumes a non-loop SDLC terminal 
role. 



Receive Commands 

The 8273 supports three receive commands: Gener- 
al Receive, Selective Receive, and Selective Loop 
Receive. 



GENERAL RECEIVE (CMD CODE CO) 

General receive is a receive mode in which frames 
are received regardless of the contents of the ad- 
dress field. 



Ai Aq Dy De Ds D4 D3 D2 Dl Dp 



0 


0 


1 1 0 0 0 0 0 0 


0 


1 


LEAST SIGNIFICANT BYTE 
OF THE RECEIVE BUFFER 
LENGTH (BO) 


0 


1 


MOST SIGNIFICANT BYTE 
OF RECEIVE 
BUFFER LENGTH (B1) 



NOTES: 

1 . If buffered mode is specified, the RO, R1 receive 
frame length (result) is the number of data bytes re- 
ceived. 

2. If non-buffered mode is specified, the RO, R1 re- 
ceive frame length (result) is the number of data 
bytes received plus two (the count includes the ad- 
dress and control bytes). 

3. The frame check sequence (PCS) is not trans- 
ferred to memory. 

4. Frames with less than 32 bits between flags are 
ignored (no interrupt generated) if the buffered 
mode is specified. 

5. In the non-buffered mode an interrupt is generat- 
ed when a less than 32 bit frame is received, since 
data transfer requests have occurred. 

6. The 8273 receive is always disabled when an 
Idle is received after a valid frame. The CPU mod- 
ule must issue a receive command to re-enable the 
receiver. 

7. The intervening ABORT character between a fi- 
nal flag and an IDLE does not generate an inter- 
rupt. 

8. If an ABORT Character is not preceded by a flag 
and is followed by an IDLE, an interrupt will be gen- 
erated for the ABORT followed by an IDLE Interrupt 
one character time later. The reception of an 
ABORT will disable the receiver. 
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SELECTIVE RECEIVE (CMD CODE CI) 

A-i Ao D7 De D5 D4 D3 D2 Di Do 



CMD: 


0 


0 


1 


1 


0 


0 


0 


0 


0 


1 


PAR: 


0 


1 


LtAol olUNIrlUAN 1 dY 1 b 
OF THE RECEIVE 
BUFFER LENGTH (BO) 


PAR: 


0 


1 


MOST SIGNIFICANT BYTE 
OF RECEIVE 
BUFFER LENGTH (B1) 


PAR: 


0 


1 


RECEIVE FRAME ADDRESS 
MATCH FIELD 0NE(A1) 


PAR: 


0 


1 


RECEIVE FRAME ADDRESS 
MATCH FIELD TWO (A2) 



Selective receive is a receive nhode in which frames 
are ignored unless the address field matches any 
one of two address fields given to the 8273 as pa- 
rameters. 

When selective receive is used in HDLC the 8273 
looks at the first character, if extended, software 
must then decide if the message is for this unit. 

SELECTIVE LOOP RECEIVE (CMD CODE C2) 

Ai Ao D7 De D5 D4 D3 D2 Di Do 



CMD: 


0 


0 


1 


1 


0 


0 


0 


0 


1 


0 


PAR: 


0 


0 


LEAST SIGNIFICANT BYTE 
OF THE RECEIVE 
BUFFER LENGTH (BO) 


PAR: 


0 


1 


MOST SIGNIFICANT BYTE 
OF RECEIVE 
BUFFER LENGTH (B1) 


PAR: 


0 


1 


RECEIVE FRAME ADDRESS 
MATCH FIELD 0NE(A1) 


PAR: 


0 


1 


RECEIVE FRAME ADDRESS 
MATCH FIELD TWO (A2) 



Selective loop receive operates like selective re- 
ceive except that the transmitter is placed in flag 
stream mode automatically after detecting an EOP 
(01111111) following a valid received frame. The 
one bit delay mode is also reset at the end of a 
selective loop receive. 



RECEIVE DISABLE (CMD CODE 5) 

Terminates an active receive command immediately. 



CMD: 
PAR: 



Ai 


Ao 
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D2 


Di 
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0 
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0 


0 


0 


1 


0 


1 



NONE 



Transmit Commands 

The 8273 supports three transmit commands: 
Transmit Frame, Loop Transmit, Transmit Transpar- 
ent. 



TRANSMIT FRAME (CMD CODE C8) 

Ai Ao D7 De D5 D4 D3 D2 Di Do 



CMD: 
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0 
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0 


0 


0 


PAR: 


0 


1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 


PAR: 


0 


1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (LI) 


PAR: 


0 


1 


ADDRESS FIELD OF TRANSMIT 
FRAME (A) 


PAR: 


0 


1 


CONTROL FIELD OF TRANSMIT 
FRAME (C) 



Transmits one frame including: initial flag, frame 
check sequence, and the final flag. 

If the buffered mode is specified, the LO, LI , frame 
length provides as a parameter is the length of the 
information field and the address and control fields 
must be input. 

In unbuffered mode the frame length provided must 
be the length of the information field plus two and 
the address and control fields must be the first two 
bytes of data. Thus only the frame length bytes are 
required as parameters. 
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LOOP TRANSMIT (CMD CODE CA) 

Ai Ao D7 Dq D5 D4 D3 D2 Di Do 



CMD: 


0 


0 


1 


1 


0 


0 


1 


0 


1 


0 


PAR: 


0 


1 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 


PAR: 


0 


1 


MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 


PAR: 


0 


1 


ADDRESS FIELD OF TRANSMIT 
FRAME (A) 


PAR: 


0 


1 


CONTROL FIELD OF TRANSMIT 
FRAME (C) 



Transmits one frame in the same manner as the 
transmit frame command except: 

1) If the flag stream mode is not active transmission 
will begin after a received EOP has been convert- 
ed to a flag. 

2) If the flag stream mode is active transmission will 
begin at the next flag boundary for buffered mode 
or at the third flag boundary for non-buffered 
mode. 

3) At the end of a loop transmit the one-bit delay 
mode is entered and the flag stream mode is re- 
set. 

TRANSMIT TRANSPARENT (CMD CODED C9) 
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The 8273 will transmit a block of raw data without 
protocol, i.e., no zero bit insertion, flags, or frame 
check sequences. 



Abort Transmit Commands 

An abort command is suppbrted for each type of 
transmit command. The abort commands are ig- 
nored if a transmit command is not in progress. 



ABORT TRANSMIT FRAME (CMD CODE CC) 
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CMD: 
PAR: NONE 



After an abort character (eight contiguous ones) is 
transmitted, the transmitter reverts to sending flags 
or idles as a function of the flag stream mode speci- 
fied. 



ABORT LOOP TRANSMIT (CMD CODE CE) 



CMD: 
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De 


D5 


D4 


D3 


D2 


Di 


Do 


0 


0 


1 


1 


0 


0 


1 


1 


1 


0 



PAR: NONE 

After a flag is transmitted the transmitter reverts to 
one bit delay mode. 

ABORT TRANSMIT TRANSPARENT (CMD CODE 
CD) 



CMD: 
PAR: 



Ai 
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D7 


De 


D5 


D4 


D3 


02 


Di 


Do 


0 


0 


1 


1 


0 


0 


1 


1 


0 


1 



NONE 



The transmitter reverts to sending flags or idles as a 
function of the flag stream mode specified. 



Modem Control Commands 

The modem control commands are used to manipu- 
late the modem control ports. 

When read Port A or Port B commands are executed 
the result of the command is returned in the result 
register. The Bit Set Port B command requires a pa- 
rameter that is a mask that corresponds to the bits 
to be set. The Bit Reset Port B command requires a 
mask that has a zero in the bit positions that are to 
be reset. 



READ PORT A (CMD CODE 22) 
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READ 


PORT B (CMD CODE 23) 
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SET PORT B BITS (CMD CODE A3) 

This command allows user defined Port B pins to be 
set. 



(Do) REQUEST TO SEND 

This is a dedicted 8273 modem control signal, and 
reflects the same logical state of RTS pin. 
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I RTS - REQUEST TO SEND 



USER DEFINED 
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(Dg) FLAG DETECT 

This bit can be used to set the flag detect pin. How- 
ever, It will be reset when the next flag is detected. 



RESET PORT B BITS (CMD CODE 63) 

This command allows Port B user defined bits to be 
reset. 



Ao D7 Dg Dg O4 D3 D2 D, Do 



CMD: 
PAR: 
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0 
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0 


0 


0 
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1 


1 
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1 RTS -REQUEST 70 SEND 
USER DEFINED 


FLAG DETECT 
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(D4-D1) USER DEFINED OUTPUTS 

These bits correspond to the state of the PB4-PBi 
output pins. 



This command allows Port B (D4-D1) user defined 
bits to be reset. These bits correspond to Output 
Port pins (PB4-PB1). 



8273 Command Summary 



Command Description 


Command 
HEX 


Parameter 


Results 


Result 
Port 


Completion 
Interrupt 


Set One Bit Delay 


A4 


Set Mask 


None 




No 


Reset One Bit Delay 


64 


Reset Mask 


None 




No 


Set Data Transfer Mode 


97 


Set Mask 


None 




No 


Reset Data Transfer Mode 


57 


Reset Mask 


None 




No 


Set Operating Mode 


91 


Set Mask 


None 




No 


Reset Operating Mode 


51 


Reset Mask 


None 




No 


Set Serial I/O Mode 


AO 


Set Mask 


None 




No 


Reset Serial I/O Mode 


60 


Reset Mask 


None 




No 


General Receive 


CO 


BO, B1 


RIC,R0,R1.(A,C)(2) 


RXI/R 


Yes 


Selective Receive 


CI 


B0,B1.A1,A2 


RIC,R0.R1,(A,C)(2) 


RXI/R 


Yes 


Selective Loop Receive 


02 


B0,B1.A1.A2 


RIC,R0,R1,(A.C)(2) 


RXI/R 


Yes 


Receive Disable 


05 


None 


None 




No 


Transmit Frame 


08 


L0,L1,(A,C)(1) 


TIC 


TXI/R 


Yes 


Loop transmit 


OA 


L0,L1,(A,C)(1) 


TIC 


TXI/R 


Yes 


Transmit Transparent 


09 


L0.L1 


TIC 


TXI/R 


Yes 


Abort Transmit Frame 


CO 


None 


TIC 


TXI/R 


Yes 
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8273 Command Summary (Continued) 



wUllllllClllU ipiivii 


Command 
HEX 


r cir eiiiidci 




Result 
Port 


Completion 
Interrupt 


Abort Loop Transmit 


CE 


None 


TIC 


TXI/R 


Yes 


Abort Transmit Transparent 


CD 


None 


TIC 


TXI/R 


Yes 


Read Port A 


22 


None 


Port Value 


Result 


No 


Read Port B 


23 


None 


Port Value 


Result 


No 


Set Port B Bit 


A3 


Set Mask 


None 




No 


Reset Port B Bit 


63 


Reset Mask 


None 




No 



NOTES: 

1 . Issued only when in buffered mode. 

2. Read as results only in buffered mode. 



8273 Command Summary Key 

BO— Least significant byte of the receiver buff- 
er length. 

B1 — Most significant byte of the receive buffer 
length. 

LO— Least significant byte of the Tx frame 
length. 

L1— Most significant byte of the Tx frame 
length. 

Receive frame address match field one. 

A2— Receive frame address match field two. 

A— Address field of received frame. If non- 
buffered mode is specified, this result is 
not provided. 



C — Control field of received frame. If non- 
buffered mode is specified this result is 
not provided. 

RXI/R— Receive interrupt result register. 

TXI/R-— Transmit interrupt result register. 

RO— Least significant byte of the length of the 
frame received. 

R1 — Most significant byte of the length of the 
frame received. 

RIC — Receiver interrupt result code. 

TIC— Transmitter interrupt result code. 



GENERAL 
RECEIVE 

(Ro, Ri) 





IDLE 


IDLE 
















FLAG 


FLAG 


FLAG 


DATA IN 


OR 


OR 


FLAG 


A 


C 


1^ 


FCS, 


FCS2 


FLAG 


OR 


OR 


OR 




FLAG 


FLAG 
















ABORT 


IDLE 


IDLE 



DMA REQUESTS 
OR 

DATA INTERRUPTS 



NON BUFFERED MODE 



CPU INTERRUPTS 



FRAME 
COMPLETE 



POSSIBLE I 
IDLE INTERRUPT 



Figure 15. Typical Frame Reception 

NOTE: 

In order to ensure proper operation to the maximum baud rate, Receive commands or Read/Write Port commands should 
be written only when either the transmitter or the receiver is inactive. In full duplex systems, it is recommended that these 
commands be issued after servicing a transmitter interrupt but before a new transmit command is issued. When operating in 
full Duplex (active transmitter or receiver) with commands, the maximum data rate decreases to 49K Baud. 
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OF Tx COMMAND 
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Figure 16a. Typical Frame Transmission, Buffered Uo6e 
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Figure 16b. Typical Frame Transmission, Non-Buffered Mode 
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Figure 17. 8273 System Diagram 



WAVEFORMS 



COMIMAND PHASE 



PARAMETER 



Lij vu rry 
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Tabie 2. Command Phase Timing (Fuli Dupiex) 



Symboi 


Timing Parameter 


Buffered 


Non-Buffered 


Unit 


IMin 


l\/lax 


i\Min 


i^ax 


T1 


Between Command & First Parameter 


13 


756 


13 


857 


toy 


T2 


Between Consecutive Parameters 


10 


604 


10 


705 


toy 


T3 


Command Parameter Buffer Full Bit 
Reset after Parmeter Loaded 


10 


604 


10 


705 


tcy 


T4 


Command Busy Bit Reset after Last 
Parameter 


128 


702 


128 


803 


toy 


T5 


CPBF Bit Reset after Last Parameter 


10 


604 


10 


705 


tcy 
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WAVEFORMS (Continued) 
RECEIVER INTERRUPT 




tJf\J~~J V 

I 



RxINT 
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Table 3. Receiver Interrupt Result Timing 



Symbol 


Timing Parameter (Clock Cycles) 


Buffered 


Non-Buffered 


Unit 


l\/lin 


Max 


Min 


Max 


11 


RxIRA Bit Set after RIC Read 


18 


29 


18 


29 


toy 


12 


RxINT Goes Away after Last Int. Result 
Read 


16 


27 


16 


27 


toy 



TRANSMIT INTERRUPT 



\9IMIU9 . 9IMIW9 _ ir 



INTERRUPT , 
RESULTS / 



\ 
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Table 4. Transmit Interrupt Result 



Symbol 


Timing (Clock Cycle) 


Buffered 


Non-Buffered 


Unit 


Min 


Max 


Min 


Max 


11 


TxINT Inactive after Int. Results Read 


13 


353 


13 


454 


toy 
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ABSOLUTE MAXIMUM RATINGS'' 

Ambient Temperature Under Bias 0°C to lO^C 

Storage Temperature -65X to + 1 50°C 

Voltage on Any Pin With 

Respect to Ground -0.5V to + 7V 

Power Dissipation 1 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 8273 (Ta = o^C to 70*'C, Vcc = +5.ov ±5%) 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2.0 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


Iql = 2.0 mA for Data Bus Pins 
Iql = 1 .0 mA for Output Port Pins 
Iql = 1 .6 mA for All Other Pins 


VOH 


Output High Voltage 


2.4 




V 


Iqh = - 200 jaA for Data Bus Pins 
Iqh = - 1 00 jLiA for All Other Pins 


l|L 


Input Load Current 




±10 


fxA 


V|N = Vccto0V 


•OFL 


Output Leakage Current 




±10 


juA 


Vout = Vcc to 0.45V 


'cc 


Vcc Supply Current 




180 


mA 





CAPACITANCE 8273 (Ta = 25X, Vcc = GND = OV) 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 




Input Capacitance 






10 


PF 


tc = 1 MHz 


C|/o 


I/O Capacitance 






20 


PF 


Unmeasured Pins 
Returned to GND 



A.C. CHARACTERISTICS (Ta = o^'C to 70^, Vcc = +5.0V ±5%) 

CLOCK TIMING (8273) 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


tCY 


Clock 


250 




1000 


ns 


64K Baud Max 
Operating Rate 


tCL 


Clock Low 


120 






ns 


tCH 


Clock High 


120 






ns 
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A.C. CHARACTERISTICS 8273 (Ta = 0Xto70°C, Vcc = +5.0V ± 5%) 
READ CYCLE 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tAC 


Select Setup to RD 


0 




ns 


(Note 2) 


tCA 


beiect Hold from nu 


0 




ns 


(Note 2) 


tRR 


nU rUISe Wiatrl 






ns 




tAD 


Data Delay from Address 




300 


ns 


(Note 2) 


tRD 


Data Delay from RD 




200 


ns 


Cl = 150pF,(Note2) 


tDF 


Output Float Delay 


20 


100 


ns 


Gl = 20 pF For Minimum; 
1 50 pF for Maximum 


be 


DACK Setup to RD 


25 




ns 




tCD 


DACK Hold from RD 


25 




ns 




tKD 


Data Delay from DACK 




300 


ns 





WRITE CYCLE 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tAC 


Select Setup tbWR 


0 




ns 




tCA 


Select Hold from WR 


0 




ns 




tww 


WR Pulse Width 


250 




ns 




tow 


Data Setup to WR 


150 




ns 




tWD 


Data Hold from WR 


0 




ns 




be 


DACK Setup toWR 


25 




ns 




tCD 


DACK Hold from WR 


25 




ns 




DMA 


Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 




Request Hold from WR or RD 
(for Non-Burst Mode) 




200 


ns 




OTHER TIMING 


Symbol 


Parameter 


Min 


Max 


unit 


Test Conditions 


tpSTW 


Reset Pulse Width 


10 




tCY 




tr 


Input Signal Rise Time 




20 


ns 




tf 


Input Signal Fall Time 




20 


ns 




tRSTS 


Reset to First lOWR 


2 




tCY 




tCY32 


32X Clock Cycle Time 


13.02XtcY 




ns 




tCL32 


32X Clock Low Time 


4XtcY 




ns 




tCH32 


32X Clock High Time 


4XtcY 




ns 




tOPLL 


DPLL Output Low 


1XtcY-50 




ns 
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A.C. CHARACTERISTICS 8273 (Ta = 0°C to 70°C, Vcc = +5.0V ± 5%) (Continued) 
OTHER TIMING (Continued) 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Conditions 


toCL 


Data Clock Low 


1 XtcY-50 




ns 




toCH 


Data Clock High 


2XtcY 




ns 




toCY 


Data Clock 


62.5 XtcY 




ns 


(Note 3) 




Transmit Data Delay 




200 


ns 




tos 


Data Setup Time 


200 




ns 




tDH 


Data Hold Time 


100 




ns 




tpLD 


FLAG DET Output Low 


8XtcY ± 50 




ns 





NOTES: 

1. All timing measurements are made at the reference voltages unless othenvise specified: Input "1" at 2.0V, "0" at 0.8V; 
Output "1" at 2.0V, "0" at 0.8V. 

2. tAD. tRD. tAC. and tcA are not concurrent specs. 

3. If receive commands or Read/Write Port commands are issued while both the transmitter and receiver are active, this 
specification will be 81.5 Tcy i^riin- 



A.C. TESTING INPUT, OUTPUT WAVEFORM 



-2.0 2.0- 
^> TEST POINTS <^ 

-0.8 



210479-24 

A.C. Testing: Inputs are dnven at 2AM for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



:r Cl = 150 pF 



Cl = 1 50 pF 

Cl Includes Jig Capacitance 
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WAVEFORMS 

READ 



DACK 
Aq, Ai, OS 

RD 



DATA BUS - — — - - 



I 



t 
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WAVEFORMS (Continued) 
WRITE 



OACK 
Aq, Ai, CS 

WR 

DATA BUS 



— ^^-y^^—^ =■ 




^ : 


U tAC ^ 








%w ^ 


" i 






> 




^ 




- tnw - * 


^ tyvD M 
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DMA 



-tCY- 



\ / / 
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TRANSMIT 



Tic 





^ 4 


:y - ■- 




"* ^DCL *- 

" to 






)^ 
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WAVEFORMS (Continued) 
RECEIVE 



/ 



Iqch - ^ 
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-tos- 



- ^DH - 
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DPLL OUTPUT 



*DPLL 
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FLAG DETECT OUTPUT 



\ / 
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MULTI-PROTOCOL SERIAL CONTROLLER (MPSC) 



Asynchronous, Byte Synchronous and 
Bit Synchronous Operation 

Two Independent Full Duplex 
Transmitters and Receivers 

Fully Compatible with 8048, 8051, 8085, 
8088, 8086, 80188 and 80186 CPU's; 
8257 and 8237 DiVIA Controllers; and 
8089 I/O Proc. 

4 Independent DMA Channels 
Baud Rate: DC to 880K Baud 
Asynchronous: 

•— 5-8 Bit Character; Odd, Even, or No 

Parity; 1, 1,5 or 2 Stop Bits 
— Error Detection: Framing, Overrun, 

and Parity 



Byte Synchronous: 

— Character Synchronization, Int. or 
Ext. 

— One or Two Sync Characters 

— Automatic CRC Generation and 
Checldng (CRC-16) 

— \BM Bisync Compatible 

Bit Synchronous: 

— SDLC/HDLC Flag Generation and 
Recognition 

^ 8 Bit Address Recognition 

— Automatic Zero Bit Insertion and 
Deletion 

— Automatic CRC Generation and 
Checking (CCITT-16) 

CCITT X.25 Compatible 

Available In EXPRESS and Military 



The Intel 8274 Multi-Protocol Series Controller (MPSC) is designed to interface High Speed Communications 
Lines using Asynchronous, IBM Bisync, and SDLC/HDLC protocol to Intel microcomputer systems. It can be 
interfaced with Intel's MCS-48, -85, -61; iAPX-86, -88, -186 and -188 families, the 8237 DMA Controller, or the 
8089 I/O Processor in polled, interrupt driven, or DMA driven modes of operation. 



The MPSC is a 40 pin device fabricated using Intel's High Performance HMOS Technology. 



^4j^ DATA 
"Bo-T <CV> BUS jCJ> 
BUFFERS ^^■rx^ 



ROYb/TxORQa <• 
ROYa/RxDRQa 



IFQ/TxDRQb « 
fPI/RxDRQs - 





mm- 



SYSTEM 
INTERFACE 
CONTROL 
LOGIC 



TTTT 



INTERNAL DATA 



SYSTEM INTERFACE 




CLK C 

5T5bC 

RxDsC 
RDYb/TxDRQa C 

086 C 
DBS C 
DB4 C 
0B3C 
0B2 C 
OBI C 
OBOC 
GND C 



NETWORK INTERFACE 



170102-2 

Figure 2. Pin Configuration 



Figure 1. Blocl( Diagram 
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Table 1. Pin Description 





Pin 
No. 




Momo and Fiinction 


CLK 


1 


1 


CLOCK: System clock, TTL compatible. 


RESET 


2 


1 


RESET: A low signal on this pin will force the MPSC to 
an idle state. TxDa and TxDb are forced high. The 
modem interface output signals are forced high. The 

ivir oo Will r&iiieiiri luio uiuii uic? uuiiuui ic7yioic7io cliks 

initialized. Reset must be true for one complete CLK 
cycle. 


UUa 


Q 
O 


1 


i^Annitn uc 1 ELi^ 1 ^onMiHriciL A/. 1 HIS inierTace signal 
is supplied by the modem to indicate that a data carrier 
signal has been detected and that a valid data signal is 
present on the RxDa line. If the auto enable control is 
set the 8274 will not enable the serial receiver until CDa 
has been activated. 






1 
1 


RPCPIUP PI C%f*tC /PI4AMKIPI RV Tho CArial Hata ara 
ncwCivc wL.v/wi\ \wnMnncL. d/. i iit; ouriai udia dit; 

shifted into the Receive Data input (RxDb) on the rising 
edge of the Receive Clock. 


cdb 


5 


1 


CARRIER DETECT (CHANNEL B): This interface signal 
is supplied by the modem to indicated that a data carrier 
signal has been detected and that a valid data signal is 

nrctccknf nn tho Rvf^n lino If tHo Cki lt^^ onsHio r*r\ntrol ic 
|jicoc?iii Uii lilt/ nxL/B I'lic^. 11 11 ic duiu Uiiauic uuiiuui lo 

set the 8274 will not enable the serial receiver until CDs 
has been activated. 


U 1 Og 


Ci 

D 


1 
1 

Kb 


PAR TH QPKin /PHAKIMPI RV Thic intorfaria cinnai 

is supplied by the modem in response to an active RTS 
signal. GTS indicates that the data terminal/computer 
equipment is permitted to transmit data. In addition, if 
the auto enable control is set, the 8274 will not transmit 
data bytes until GTS has been activated. 


TxCb 


7 


1 


TRANSMIT CLOCK (CHANNEL B): The serial data are 
shifted out from the Transmit Data output (TxDb) on the 
falling edge of the Transmit Clock. 


TxDb 


8 


0 


TRANSMIT DATA (CHANNEL B): This pin transmits 
serial data to the communications channel (Channel B). 


RxDb 


9 


1 


RECEIVE DATA (CHANNEL B): This pin receives serial 
data from the communications channel (Channel B). 


SYNDETb 
/RTSb 


10 


I/O 


SYNCHRONOUS DETECTION (CHANNEL B): This pin 
is used in byte synchronous mode as either an internal 
sync detect (output) or as a means to force external 
synchronization (input). In SDLG mode, this pin is an 
output indicating Flag detection. In asynchronous mode 
it is a general purpose input (Channel B). 
REQUEST TO SEND (CHANNEL B): General purpose 
output, generally used to signal that Channel B is ready 
to send data. When the RTS bit is reset in asynchronous 
mode, the signal does not go inactive (High) until the 
transmitter is empty. 

SYNDETb or RTSb selection is done by WR2; D7. 
(Channel A). 
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Table 1. Pin Description (Continued) 



Symboi 


Pin 
No. 


Type 


Name and Function 


RDYb/ 
TxDRQa 


11 


0 


READY (CHANNEL B)/TRANSiy/liTTER DMA 
REQUEST (CHANNEL A): In mode 0 this pin is RDYb 
and is used to synchronize data transfers between the 
processor and the MPSC (Channel B). In modes 1 and 2 
this pin is TxDRQa and is used by the Channel A 
transmitter to request a DMA transfer. 


DB7 


12 


I/O 


DATA BUS: The Data Bus lines are bidirectional three 
state lines which interface with the system's Data Bus. 


DB6 


13 






DBS 


14 






DB4 


15 






DB3 


16 






DB2' 


17 






DB1 


18 






DBO 


19 






GND 


20 




GROUND. 


Vcc 


40 




POWER: +5V Supply 


CTSa 


39 


1 


CLEAR TO SEND (CHANNEL A): This interface signal 
is supplied by the Modem in response to an active RTS 
siQnal. CTS indicates that the data terminal/computer 
equipment is permitted to transmit data. In addition, if 
the auto enable control is set, the 8274 will not transmit 
data bytes until CTS has been activated. 


RTSa 


38 


0 


REQUEST TO SEND (CHANNEL A): General purpose 
output commonly used to signal that Channel A is ready 
to send data. When the RTS bit is reset in asynchronous 
mode, the signal does not go inactive (High) until the 
transmitter is empty. 


TxDa 


37 


0 


TRANSIVIfT DATA (CHANNEL A): This pin transmits 
serial data to the commmunications channel (Channel 
A). 


TxCa 


36 


1 


TRANSi\/IIT CLOCK (CHANNEL A): The serial data are 
shifted out from the Transmit Data output (TxDa) on the 
falling edge of the Transmit Clock. 


RxCa 


35 


1 


RECEiVE CLOCK (CHANNEL A): The serial data are 
shifted into the Receive Data input (RxDa) on the rising 
edge of the Receive Clock. 


RxDa 


34 


1 


RECEIVE DATA (CHANNEL A): This pin receives serial 
data from the communications channel (Channel A). 


SYNDETa 


33 


I/O 


SYNCHRONOUS DETECTION (CHANNEL A): This pin 
is used in byte synchronous mode as either an internal 
sync detect (output) or as a means to force external 
synchronization (input). In SDLC mode, this pin is an 
output indicating flag detection. In asynchronous mode it 
is a general purpose input (Channel A). 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 

NO. 


Type 


Name and Function 


RDYa/ 
RxDRQa 


32 


0 


READY: In mode 0 this pin is RDYa and is used to 
synchronize data transfers between the processor and 
the MPSC (Channel A). In modes 1 and 2 this pin is 
RxDRQa and is used by the channel A receiver to 
request a DMA transfer. 


DTRa 


31 


0 


DATA TERMINAL READY (CHANNEL A): General 
purpose output. 


IPO/ 
TxDRQb 


30 


0 


INTERRUPT PRIORITY OUT/TRANSIVIITTER DMA 
REQUEST (CHANNEL B): In modes 0 and 1 , this pin is 
Interrupt Priority Out. It is usedto establish a hardware 
interrupt priority scheme with IPI. It is low only if IPI is low 
and the controlling processor is not servicing an 
interrupt from this MPSC. In mode 2 it is TxDRQb and is 
used to request a DMA cycle for a transmit operation 
(Channel B). 


Tpi/ 

RxDRQb 


29 


I/O 


INTERRUPT PRIORITY IN/RECEIVER DMA 
REQUEST (CHANNEL B): ln_modes 0 and 1 , IPI is 

Interrupt Priority In. A low on IPI means that no higher 
priority device is being serviced by the controlling 
processor's interrupt service routine. In mode 2 this pin 
is RxDRQb and is used to request a DMA cycle for a 
receive operation (Channel B). 


iFiT 


28 


0 


INTERRUPT: The interrupt signal indicates that the 
highest priority internal interrupt requires service (open 
coiieciorj. rrioniy can oe resoivcu via an exierriai 
interrupt controller or a daisy-chain scheme. 


IMTA 

UN 1 M 


97 


1 
1 


IIM 1 ELrinur I MOivriviWLcuvsic. 1 nis inierrupi 
Acknowledge signal allows the highest priority 
interrupting device to generate an interrupt vector. This 
pin must be pulled high (inactive) in non-vector mode. 


DTRb 


26 


0 


DATA TERMINAL READY (CHANNEL B): This is a 
general purpose output. 


Ao 


25 




ADDRESS: This line selects Channel A or B during data 
or command transfers. A low selects Channel A. 


Ai 


24 




ADDRESS: This line selects between data or command 
information transfer. A low means data. 


CS 


23 




CHIP SELECT: This signal selects the MSPC and 
enables reading from or writing into registers. 


RD 


22 




READ: Read controls a data byte or status byte transfer 
from the MPSC to the CPU. 


WR 


21 




WRITE: Write controls transfer of data or commands to 
the MPSC. 
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RESET 



When the 8274 RESET line is activitated, both 
IVIPSC channels enter the idle state. The serial out- 
put lines are forced to the m arking state (high) and 
the modem Interface signals (RTS, DTP) are forced 
high. In addition, the pointers registers are set to 
zero. 



GENERAL DESCRIPTION 

The Intel 8274 Multi-Protocol Serial Cqntroller is a 
microcomputer peripheral device which supports 
Asynchronous, Byte Synchronous (Monosync, IBM 
Bisync), and Bit Synchronous (ISO's HDLC, IBM's 
SDLC) protocols. This controller's flexible architec- 
ture allows easy implementation of many variations 
of these three protocols with low software and hard- 
ware overhead. 

The Multi-Protocol Serial controller (MPSC) imple- 
ments two independent serial receiver/transmitter 
channels. 

The MPSC supports several microprocessor inter- 
face options: Polled, Wait, Interrupt driven and DMA 
driven. The MPSC is designed to support INTEL'S 
MCS-85 and iAPX 86, 88, 186, 188 families. 



FUNCTIONAL DESCRIPTION 

Additional information on Asynchronous and Syn- 
chronous Communications with the 8274 is available 
respectively in the Applications Notes AP 134 and 
AP 145. 

Command, parameter, and status information is 
stored in 21 registers within the MPSC (8 writable 
registers for each channel, 2 readable registers for 
Channel A and 3 readable registers for Channel B). 

In the following discussion, the writable registers will 
be referred to as WRO through WR7 and the read- 
able registers will be referred to as RRO through 
RR2. 

This section of the data sheet describes how the 
Asynchronous and Synchronous protocols are im- 
plemented in the MPSC. It describes general consid- 
erations, transmit operation, and receive operation 
for Asynchronous, Byte Synchronous, and Bit Syn- 
chronous protocols. 



ASYNCHRONOUS OPERATIONS 



Transmitter/Receiver Initialization 

(See Detailed Command Description Section for 
complete information) 

In order to operate in asynchronous mode, each 
MPSC channel must be initialized with the following 
information: 

1. transmit/ Receive Clock Rate. This parameter is 
specified by bits 6 and 7 of WR4. The clock rate 
may be set to 1 , 1 6, 32, or 64 times the data-link 
bit rate. If the XI clock mode is selected, the bit 
synchronization must be accomplished externally. 

2. Number of Stop Bits. This parameter is specified 
by bits 2 and 3 of WR4. The number of stop bits 
may be set to 1 , 1 Vz, or 2. 

3. Parity Selection. Parity may be set for odd, even, 
or no parity by bits 0 and 1 of WR4. 

4. Receiver Character Length. This parameter sets 
the length of received characters to 5, 6, 7, or 8 
bits. This parameter is specified by bits 6 and 7 of 
WR3. 

5. Receiver Enable. The serial-channel receiver op- 
eration may be enabled or disabled by setting or 
clearing bit 0 of WR3. 

6. Transmitter Character Length. This parameter 
sets the length of transmitted characters to 5, 6, 
7, or 8 bits. This parameter is specified by bits 5 
and 6 of WR5. Characters of less than 5 bits in 
length may be transmitted by setting the transmit- 
ted length to five bits (set bits 5 and 6 of WR5 to 
0). 

The MPSC then determines the actual number of 
bits to be transmitted from the character data 
byte. The bits to be transmitted must be right justi- 
fied in the data byte, the next three bits must be 
set to 0 and all remaining bits must be set to 1 . 
The following table illustrates the data formats for 
transmission of 1 to 5 bits of data. 



Byte Written 


Number of 
Bits Transmitted 


D7 D6 D5 D4 D3 D2 D1 DO 
1 1 1 1 0 0 0 c 
1 1 1 0 0 0 c c 
1 1 0 0 0 c c c 
1 0 0 0 c c c c 
OOOccccc 


(Character Length) 
1 
2 
3 
4 
5 



7. Transmitter Enable. The serial channel transmit- 
ter operation may be enabled or disabled by set- 
ting or clearing bit 3 of WR5. 

8. Interrupt Mode. Specified by bits 3 and 4 of WR1 . 
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For data transmission via a modem or RS-232-C in- 
terface, the following information must also be spec- 
ified: 

1. The Request To Send (RTS) (WR5; D1) and Data 
Terminal Ready (DTR) (WR5; 07) bits must be set 
along with the Transmit Enable bit (WR5; D3). 

2. Auto Enable may be set to allow the MPSC to 
automatically enable the channel transmitter 
when the clear-to-send signal is active and to au- 
tomatically enable the receiver when the carrier- 
detect signal is active. However, the Transmit En- 
able bit (WR3; D3) and Receive Enable bit (WR3; 
D1) must be set in order to use the Auto Enable 
mode. Auto Enable is controlled by bit 5 of WR3. ^ 

When loading Initialization parameters into the 
MPSC, WR4 information must be written before the 
WR1, WR3, WR5 parameters commands. 

During initialization, it is desirable to guarantee that 
the external/status latches reflect the latest inter- 
face information. Since up to two state changes are 
internally stored by the MPSC, at least two Reset 
External/Status Interrupt commands must be is- 
sued. This procedure is most easily accomplished by 
simply issuing this reset command whenever the 
pointer register is set during initialization. 

An MPSC initialization procedure (MPSC$RX$INIT) 
for asynchronous communication is listed in Intel 
Application Note AP 1 34. 



TRANSMIT 

The transmit function begins when the Transmit En- 
able bit (WR5; D3) is set. The MPSC automatically 
adds the start bit, the programmed parity bit (odd, 
even or no parity) and the programmed number of 
stop bits (1 , 1 .5 or 2 bits) to the data character being 
transmitted. 1 .5 stop bits option must be used with 
X16, X32 or X64 clock options only. The data char- 
acter is transmitted least significant bit first. 

The serial data are shifted out from the Transmit 
Data (TxD) output on the falling edge of the Transmit 
Clock (TxC) input at a rate programmable to 1 , Vieth, 
Vaand, or VUth of the clock rate supplied to the TxC 
input. 

The TxD output is held high when the transmitter 
has no data to send, unless, under program control, 
the Send Break (WR5; D4) command is issued to 
hold the TxD low. 

If the External/Status Interr upt bit (W R1; DO) is set, 
the status of CD, CTS and SYNDET are monitored 
and, if any changes occur for a period of time great- 
er than the minimu m sp ecified pulse width, an inter- 
rupt is generated. CTS is usually monitored using 
this interrupt feature (e.g.. Auto Enable option). 



The Transmit Buffer Empty bit (RRO; D2) is set by 
the MPSC when the data byte from the buffer is 
loaded in the transmit shift register. Data should be 
written to the MPSC only when the Tx buffer be- 
comes empty to prevent ovenA^riting. 



Receive 

The receive function begins when the Receive En- 
able (WR3; DO) bit is set. If the Auto Enable (WR3; 
D5) option is selected, then Carrier Detect (CD) 
must also be low. A valid start bit is detected if a low 
persists for at least bit time on the Receive Data 
(RxD) input. 

The data is sampled at mid-bit time, on the rising 
edge of RxC, until the entire character is assembled. 
The receiver inserts 1's when a character is less 
than 8 bits. If parity (WR4; DO) is enabled and the 
character is less than 8 bits the parity bit is not 
stripped from the character. 



Error Reporting 

The receiver also stores error status for each of the 
3 data characters in the data buffer. Three error con- 
ditions may be encountered during data reception in 
the asynchronous mode: 

1 . Parity. If parity bits are computed and transmitted 
with each character and the MPSC is set to check 
parity (bit 0 in WR4 is set), a parity error will occur 
whenever the number of "1" bits within the char- 
acter (including the parity bit) does not match the 
odd/even setting of the parity check flag (bit 1 in 
WR4). When a parity error is detected, the parity 
error flag (RR1; D4) is set and remains set until it 
is reset by the Error Reset command (WRO; D5, 
D4, D3). 

2. Framing. A framing error will occur if a stop bit is 
not detected immediately following the parity bit (if 
parity checking is enabled) or immediately follow- 
ing the most-significant data bit (if parity checking 
is not enabled). When a Framing Error is detect- 
ed, the Framing Error bit (RR1; D6) is set and 
remains set until reset by the Error Reset Com- 
mand (WRO; D5, D4, D3). The detection of a 
Framing Error adds an additional Vk bit time to the 
character time so the Framing Error is not inter- 
preted as a new start bit. 

3. Overrun. If the CPU fails to read a data character 
while more than three characters have been re- 
ceived, the Receive bverrun bit (RR1; D5) is set. 
When this occurs, the fourth character assembled 
replaces the third character in the receive buffers. 
Only the overwritten character is flagged with the 
Receive Overrun bit. The Receive Overrun bit 
(RR1; D5) is reset by the Error Reset command 
(WRO; D5, D4, D3). 
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External/Status Latches 

The MPSC continuously monitors tlie state of five 
external /status conditions: 

1 . CTS— clear-to-send input pin. 

2. CD — carrier-detect input pin. 

3. SYNDET— sync-detect input pin. This pin may be 
used as a general-purpose input in the asynchro- 
nous communication mode. 

4. BREAK— a break condition (series of space bits 
on the receiver input pin). 

5. TxUNDERRUN/EOM— Transmitter Underrun/ 
End of Message. 

A change of state in any of these monitored con- 
ditions will cause the associated status bit in RRO 
to be latched (and optionally cause an interrupt). 

If the External/Status Interrupt bit (WR1; DO) is 
enabled, Break Detect (RRO; D7) and Carrier De- 
tect (RRO; D3) will cause an interrupt. Reset Ex- 



ternal/Status interrupts (WRO; D5, D4, D3) will 
clear Break Detect and Carrier Detect bits if they 
are set. 

Command, parameter, and status information is 
stored in 2t registers within the MPSC (8 writable 
registers for each channel, 2 readable registers for 
Channel A and 3 readable registers for Channel B). 
They are all accessed via the command ports. 

An internal pointer register selects which of the com- 
mand or status registers will be read or written dur- 
ing a commmand/status access of an MPSC chan- 
nel. 

After reset, the contents of the pointer registers are 
zero. The first write to a command register causes 
the data to be loaded into Write Register 0 (WRO). 
The three least significant bits of WRO are loaded 
into the Command/Status Pointer. The next read or 
write operation accesses the read or write register 
selected by the pointer. The pointer is reset after the 
read or write operation is completed. 



COMMAND/STATUS 



D2 D1 00 

0 0 0- 



HUT 



0 0 1 - 



W R 1 



0 1 0~ 



0 1 1 - 



1 0 0- 



1 0 1 - 



1 1 0- 



1 1 1 - 



W R 2 



W R 4 



W R 6 



W R 7 



T — r 

J L 



R fl 2* 



Figure 3. Command/Status Register Architecture (each serial channel) 
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Asynchronous Mode Register Setup 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


WR3 


00 Rx 5 b/char 

01 Rx 7 b/char 

10 Tx 6 b/char 

11 Rx 8 b/char 


AUTO 
ENABLE 


0 


0 


0 


0 


Rx 
ENABLE 


WR4 


00 XI Clock 

01 XI 6 Clock 

10 X32 Clock 

11 X64 Clock 


0 


0 


01 1 STOP BIT 

10 IVz STOP BITS 

11 2 STOP BITS 


EVEN/ 
5DD 
PARITY 


PARITY 
ENABLE 


WR5 


DTR 


00 Tx !^ 5 b/char 

01 Tx 7 b/char 

10 Tx 6 b/char 

11 Tx 8 b/char 


SEND 
BREAK 


Tx 
ENABLE 


0 


RTS 


0 



Transmit Set-Up— Monosync, Bisync 

Transmit data is held high after channel reset, or if 
the transmitter is not enabled. A break may be pro- 
grammed to generate a spacing line that begins as 
soon as the Send Break (WR5; D4) bit is set. With 
the transmitter fully initialized and enabled, the de- 
fault condition is continuous transmission of the 8- or 
1 6-bit sync character. 

Using interrupts for data transfer requires that the 
Transmit Interrupt/DMA Enable bit (WR1; D1) be 
set. An interrupt is generated each time the transmit 
buffer becomes empty. The interrupt can be satis- 
fied either by writing another character into the 
transmitter or by resetting the Transmitter Interrupt/ 
DMA Pending latch with a Res^t Transmitter Inter- 



sync moaes: Mono, bi 



Synchronous Mode Register Setup^Monosync, Bisync 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


WR3 


00 Rx 5 b/char 

01 Rx 7 b/char 

10 Tx 6 b/char 

11 Rx 8 b/char 


AUTO 
ENABLE 


ENTER ' 
HUNT 
MODE 


Rx CRC 
ENABLE 


0 


SYNC 
CHAR 
LOAD 
INHIBIT 


Rx 
ENABLE 


WR4 


0 


0 


00 8 bit Sync 

01 16 bit Sync 
1 1 Ext Sync 


0 


0 


EVEN/ 
ODD 
PARITY 


PARITY 
ENABLE 


WR5 


DTR 


00 Tx ^ 5 b/char 

01 Tx 7 b/char 

10 Tx 6 b/char 

11 Tx 8 b/char 


SEND 
BREAK 


Tx 
ENABLE 


1 

(SELECTS 
CRC-16) 


RTS 


TxCRC 
ENABLE 



SYNCHRONOUS OPERATION— 
MONOSYNC, BISYNC 



General 

The MPSC must be initialized with the following pa- 
rameters: odd or even parity (WR4; D1, DO), XI 
clock mode (WR4; D7, D6), 8- or 16-blt sync charac- 
ter (WR4; D5, D4). CRC polynomial (WR5; D2), 
Transmitter Enable (WR5; D3), interrupt modes 
(WR1, WR2), transmit character length (WR5; D6, 
D5) and receive character length (WR3; D7, D6). 
WR4 parameters must be written before WR1 , WR3, 
WR5, WR6 and WR7. 

The data is tran smitt ed on the falling edge of the 
Transmit Clock, (TxC) a nd is received on the rising 
edge of Receive Clock (RxC). The XI clock is used 
for both transmit and receive operations for all three 
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mpt/DMA Pending Command (WRO; D5, D4, D3). If 
nothing more is written into the transmitter, there 
can be no further Transmit Buffer Empty interrupt, 
but this situation does cause a Transmit Underrun 
condition (RRO; D6). 

Data Transfers using the RDY signal are for soft- 
ware controlled data transfers such as block moves. 
RDY tells the CPU> that the MPSC is not ready to 
accept/provide data and that the CPU must extend 
the output/input cycle. DMA data transfers use the 
TxDRQ A/B signals which indicate that the transmit 
buffer is empty, and that the MPSC is ready to ac- 
cept the next data character. If the data character is 
not loaded into the MPSC by the time the transmit 
shift register is empty, the MPSC enters the Trans- 
mit Underrun condition. 

The MPSC has two programmable options for solv- 
ing the transmit underrun condition: it can insert 
sync characters, or it can send the CRC characters 
generated so far, followed by sync characters. Fol- 
lowing a chip or channel reset, the Transmit Under- 
run/EOM status bit (RRO; D6) is in a set condition 
allowing the insertion of sync characters when there 
is no data to send. The CRC is not calculated on 
these automatically inserted sync characters. When 
the CPU detects the end message, a Reset Transmit 
Underrun/EOM command can be issued. This al- 
lows CRC to be sent when the transmitter has no 
data to send. 

In the case of sync insertion, an interrupt is generat- 
ed only after the first automatically inserted sync 
character has been loaded in the Transmit Shift 
Register. The status register indicates the Transmit 
Unden-un/EOM bit and the Transmit Buffer Empty 
bit are set. 

In the case of CRC insertion, the Transmit Under- 
run/EOM bit is set and the Transmit Buffer Empty bit 
is reset while CRC is being sent. When CRC has 
been completely sent, the Transmit Buffer Empty 
status bit is set and an interrupt is generated to indi- 
cate to the CPU that another message can begin 
(this interrupt occurs because CRC has been sent 
and sync has been loaded into the Tx Shift Regis- 
ter). If no more messages are to be sent, the pro- 
gram can terminate transmission by resetting RTS, 
and disabling the transmitter (WR5; D3). 

Bisync CRC Generation. Setting the Transmit CRC 
enable bit (WR5; DO) indicates CRC accumulation 
when the program sends the first data character to 
the MPSC. Although the MpSC automatically trans- 
mits up to two sync characters (16 bit sync), it is 
wise to send a few more sync characters ahead of 
the message (before enabling Transmit CRC) to en- 
sure synchronization at the receiving end. 



The Transrnit CRC Enable bit can be changed on 
the fly any time in the message to include or exclude 
a particular data character from CRC accumulation. 
The Transmit CRC Enable bit should be in the de- 
sired state when the data character is loaded into 
the transmit shift register. To ensure this bit in the 
proper state, the Transmit CRC Enable bit must be 
issued before sending the data character to the 
MPSC. 

Transmit Transparent Mode, Transparent mode 
(Bisync protocol) operation is made possible by the 
ability to change Transmit CRC Enable on the fly 
and by the additional capability of inserting 16 bit 
sync characters. Exclusion of DLE characters from 
CRC calculation can be achieved by disabling CRC 
calculation immediately preceding the DLE charac- 
ter transfer to the MPSC. 

In the transmit mode, the transmitter always sends 
the programmed number of sync bits (8 or 16) (WR4; 
D5, D4). When in the Monosync mode, the transmit- 
ter sends from WR6 and the receiver compares 
against WR7. One or two CRC polynomials, CRC 16 
or SDLC, may be used with synchronous modes. In 
the transmit initialization process, the CRC genera- 
tor is initialized by setting the Reset Transmit CRC 
Generator command (WRO; D7, D6). 

The External/Status interrupt (WR1; DO) m ode can 
be used to monitor the status of the CTS input as 
well as the Transmit Underrun/EOM latch. Optional- 
ly, the Auto Enable (WR3; D5) feature can be used 
to enable the transmitter when CTS is active. The 
first data transfer to the MPSC can begin when the 
External/Status interrupt (CTS (RRO; D5) status bit 
set) occurs following the Transmit Enable command 
(WR5; D3). 



Receive 

After a channel reset, the receiver is in the Hunt 
phase, during which the MPSC looks for character 
synchronization. The Hunt begins only when the re- 
ceiver is enabled and data transfer begins only when 
character synchronization has been achieved. If 
character synchronization is lost, the hunt phase can 
be re-entered by writing the Enter Hunt Phase (WR3; 
D4) bit. The assembly of received data continues 
until the MPSC is reset orjjntil the receiver is dis- 
abled (by command or by CD while in the Auto En- 
ables mode) or until the CPU sets the Enter Hunt 
Phase bit. Under program control, all the leading 
sync characters of the message can be inhibited 
from loading the receive buffers by setting the Sync 
Character Load Inhibit (WR3; D1) bit. After character 
synchronization is achieved the assembled charac- 
ters are transferred to the receive data FIFO. After 
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receiving the first data character, the Sync Charac- 
ter Load Inhibit bit should be reset to zero so that all 
characters are received, including the sync charac- 
ters. This is important because the received CRC 
may look like a sync character and not get received. 

Data may be transferred with or without interrupts. 
Transferring data without interrupts is used for a 
purely polled operation or for off-line conditions. 
There are two interrupt modes available for data 
transfer: Interrupt on First Character Only and Inter- 
rupt on Every Character. 

Interrupt on First Character Only mode is normally 
used to start a polling loop, a block transfer se- 
quence using RDY to synchronize the CPU to the 
Incoming data rate, or a DMA transfer using the 
RxDRQ signal. The MPSC interrupts on the first 
character and thereafter only interrupts after a Spe- 
cial Receive Condition is detected. This mode can 
be reinitialized using the Enable Interrupt On Next 
Receive Character (WRO; D5, D4, D3) command 
which allows the next character received to gener- 
ate an interrupt. Parity Errors do not cause inter- 
rupts, but End of Frame (SDLC operation) and Re- 
ceive Overrun do cause interrupts in this mode. If 
the external status interrupts (WR1; DO) are enabled 
an interrupt may be generated any time the CD 
changes state. 

Interrupt On Every Character mode generates an in- 
terrupt whenever a character enters the receive 
buffer. Errors and Special Receive Conditions gener- 
ate a special vector if the Status Affects Vector 
(WR1 B; D2) is selected. Also the Parity Error may be 
programmed (WR1; D4, D3) not to generate the spe- 
cial vector while in the Interrupt On Every Character 
mode. 

The Special Receive Condition interrupt can only oc- 
cur while in the Receive Interrupt On First Character 
Only or the Interrupt On Every Receive Character 



modes. The Special Receive Condition interrupt is 
caused by the Receive Overrun (RR1 ; D5) error con- 
dition. The error status reflects an error in the cur- 
rent word in the receive buffer, in addition to any 
Parity or Overrun errors since the last Error Reset 
(WRO; D5, D4, D3). The Receive Overrun and Parity 
error status bits are latched and can only be reset by 
the Error Reset (WRO; D5, D4, D3) command. , 

The CRC check result may be obtained by checking 
for CRC bit (RR1; D6). This bit gives the valid CRC 
result 16 bit times after the second CRC byte has 
been read from the MPSC. After reading the second 
CRC byte, the user software must read two more 
characters (may be sync characters) before check- 
ing for CRC result in RR1 . Also for proper CRC com- 
putation by the receiver, the user software must re- 
set the Receive CRC Checker (WRO; D7, D6) after 
receiving the first valid data character. The receive 
CRC Enable bit (WR3; D3) may also be enabled at 
this time. 



SYNCHRONOUS OPERATION— SDLC 



General 

Like the other synchronous operations the SDLC 
mode must be initialized with the following parame- 
ters: SDLC mode (WR4; D5, D4), SDLC polynomial 
(WR5; D2), Request to Send, Data Terminal Ready, 
transmit character length (WR5; D6, D5), interrupt 
modes (WR1; WR2), Transmit Enable (WR5; D3), 
Receive Enable (WR3; DO), Auto Enable (WR3; D5) 
and External/Status Interrupt (WR1; DO). WR4 pa- 
rameters must be written before WR1, WR3, WR5, 
WR6 and WR7. 

The Interrupt modes for SDLC operation are similar 
to those discussed previously in the synchronous 
operations section. 



Synchronous Mode Register Setup--SDLC/HDLC 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


WR3 


00 Rx 5 b/char 

01 Rx 7 b/char 
10Rx 6 b/char 
11 Rx 8 b/char 


AUTO 
ENABLES 


ENTER 
HUNT 
MODE 


Rx 
CRC 
ENABLE 


ADDRESS 
SEARCH 
MODE 


0 


Rx 


WR4 


0 


0 


1 0 
(SELECTS SDLC/ 
HDLC MODE) 


0 


0 


0 


0 


WR5 


DTR 


00 Tx ^ 5 b/char 

01 Tx 7 b/char 
lOTx 6 b/char 
11 Tx 8 b/char 


SEND 
BREAK 


Tx 
ENABLE 


0 

(SELECTS 
SDLC/HDLC 
CRC) 


RTS 


Tx 
CRC 
ENABLE 
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Transmit 

After a channel reset, the MPSC begins sending 
SDLC flags. 

Following the flags in an SDLC operation the 8-bit 
address field, control field and information field may 
be sent to the MPSC by the microprocessor. The 
IVIPSC transmits the Frame Check Sequence using 
the Transmit Underrun feature. The MPSC automati- 
cally inserts a zero after every sequence of 5 con- 
secutive 1's except when transmitting Flags or 
Aborts. 

SDLC— like protocols do not have provision for fill 
characters within a message. The MPSC therefore 
automatically terminates an SDLC frame when the 
transmit data buffer and output shift register have no 
more bits to send. It does this by sending the two 
bytes of CRC and then one or more flags. This al- 
lows very high-speed transmissions under DMA or 
CPU control without requiring the CPU to respond 
quickly to the end-of-message situation. 

After a reset, the Transmit Underrun/EOM status bit 
is in the set state and prevents the insertion of CRC 
characters during the time there is no data to send. 
Flag characters are sent. The MPSC begins to send 
the frame when data is whtten into the transmit buff- 
er. Between the time the first data byte is written, 
and the end of the message, the Reset Transmit 
Underrun/EOM (WRO; D7, D6) command must be 
issued. The Transmit Underrun/EOM status bit 
(RRO; D6) is in the reset state at the end of the 
message which automatically sends the CRC char- 
acters. 

The MPSC may be programmed to issue a Send 
Abort command (WRO; D5, D4, D3). This command 
causes at least eight 1 's but less than fourteen 1 's to 
be sent before the line reverts to continuous flags. 



Receive 

After initialization, the MPSC enters the Hunt phase, 
and remains in the Hunt phase until the first Flag is 
received. The MPSC never again enters the Hunt 
phase unless the microprocessor writes the Enter 
Hunt command. The MPSC will also detect flags 
separated by a single zero. For example, the bit pat- 
tern 011111101111110 will be detected as two 
flags. 



The MPSC can be programmed to receive all frames 
or it can be programmed to the Address Search 
Mode. In the Address Search Mode, only frames 
with addresses that match the value in WR6 or the 
global address (OFFH) are received by the MPSC. 
Extended address recognition must be done by the 
microprocessor software. 

The control and information fields are received as 
data. 

SDLC/HDLC CRC calculation does not have an 8- 
bit delay, since all characters are included in the cal- 
culation, unlike Byte Synchronous Protocols. 

Reception of an abort sequence (7 or more 1 's) will 
cause the Break/ Abort bit (RRO; D7) to be set and 
will cause an External/Status interrupt, if enabled. 
After the Reset External/Status Interrupts Com- 
mand has been issued, a second interrupt will occur 
at the end of the abort sequence. 



MPSC 



Detailed Command/Status Description 

GENERAL 

The MPSC supports an extremely flexible set of seri- 
al and system interface modes. 



The system interface to the CPU consists of 8 ports 
or buffers: 



CS 




Ao 


Read Operation 


Write Operation 


0 


0 


0 


Oh. A Data Read 


Oh. A Data Write 


0 


1 


0 


Oh. A Status Read 


Oh. A Command/ Parameter 


0 


0 


1 


Oh. B Data Read 


Ch. B Data Write 


0 


1 


1 


Oh. B Status Read 


Oh. B Command/ Parameter 


1 


x 


X 


High Impedance 


High Impedance 



Data buffers are addressed by Ai = 0, and Com- 
mand ports are addressed by Ai = 1 . 



COMMAND/STATUS DESCRIPTION 

The following command and status bytes are used 
during initialization and execution phases of opera- 
tion. All Command/Status operations on the two 
channels are identical, and independent, except 
where noted. 
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Detailed Register Description 

Write Register 0 (WRO): 



""n — f— 1 — I — I — I — r 

D7 ^ P6 j PS ^ D4 j D3 | D2 ^ PI ^ I 



COMMANP/STATUS POINTER 



REGISTER POINTER 



NULL COPE 

SENP ABORT (SPLC) 

RESET EXT/STATUS INTERRUPTS 

CHANNEL RESET 

ENABLE INTERRUPT ON NEXT Rx 

CHARACTER 

RESET TxINT/OMA PENPINQ 

ERROR RESET 

END OF INTERRUPT* 



Command 2 



Command 3 



Command 4 



Command 5 



*Chann6lAonly 



NULL COPE 

RESET Rx CRC CHECKER 
RESET T* CRC GENERATOR 
RESET Tx UNPERRUN/EOM LATCH 



170102-4 



WRO 

D2, D1 , DO— Command/Status Register Pointer bits 
determine which write-register the next byte is to be 
written into, or which read-register the next byte is to 
be read from. After reset, the first byte written into 
either channel goes into WRO. Following a read or 
write to any register (except WRO) the pointer will 
point to WRO. 

D5, D4, D3— Command bits determine which of the 
basic seven commands are to be performed. 

Command 0 Null—has no effect. 

Command 1 Send Abort — causes the generation 
of eight to thirteen 1's when in the 
SDLC mode. 



10 



11 



Reset External/Status Interrupts— 
resets the latched status bits of RRO 
and re-enables them, allowing inter- 
rupts to occur again. 

Channel Reset— resets the Latched 
Status bits of RRO, the interrupt prior- 
itization logic and all control registers 
for the channel. Four extra system 
clock cycles should be allowed for 
MPSC reset time before any addition- 
al commands or controls are written 
into the channel. 

Enable Interrupt on Next Receive 
Character— if the Interrupt on First 
Receive Character mode is selected, 
this command reactivates that mode 
after each complete message is re- 
ceived to prepare the MPSC for the 
next message. 

Reset Transmitter Interrupt/ DMA 
Pending — if The Transmit Interrupt/ 
DMA Enable mode is selected, the 
MPSC automatically interrupts or re- 
quests DMA data transfer when the 
transmit buffer becomes empty. 
When there are no more characters 
to be sent, issuing this command pre- 
vents further transmitter interrupts or 
DMA requests until the next charac- 
ter has been completely sent. 

Error Reset— error latches. Parity 
and Overrun errors in RR1 are reset. 

End of Interrupt— resets the inter- 
rupt-in-service latch of the highest- 
priority internal device under service. 

CRC Reset Code. 

Null— has no effect. 

Reset Receive CRC Checker — re- 
sets the CRC checker to O's. If in 
SDLC mode the CRC checker is ini- 
tialized to all 1 's. 

Reset Transmit CRC Generator — re- 
sets the CRC generator to O's. If in 
SDLC mode the CRC generator's ini- 
tialized to all 1 's. 

Reset Tx Underrun/End of Message 
Latch. 
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Write Register 1 (WR1): 



D7 


D6 


DS 


D4 1 D3 


02 


bi 


DO 



WR1 

DO 



D1 



D2 



EXT INTERRUPT 



TxINTERRUPT/ 



DMA ENABLE 



STATUS AFFECTS 



1 VARIABLE 
VECTOR 



VECTOR (CHB ONLY) 
(NULL CODE CH A) 



0 - FIXED 
VECTOR 



0 0 RxINT/DMA DISABLE 

0 1 RxINT ON FIRST CHAR OR SPECIAL 

CONDITION 

1 0 INT ON ALL Rx CHAR (PARITY AFFECTS 

VECTOR) OR SPECIAL CONDITION 

1 1 INT ON ALL R^ CHAR (PARITY DOES 
NOT AFFECT VECTOR) OR SPECIAL 
CONDITION 



1 = WAIT ON Rx. 0 WAIT ON Tx 



MUST BE ZERO 



WAIT ENABLE 1 ENABLE. 0 DISABLE 



External/Status Interrupt Enable— al- 
lows interrupt to occur as t he re sult 
of transit ions on the CD, CTS or 
SYNDET inputs. Also allows inter- 
rupts as the result of a Break/ Abort 
detection and termination, or at the 
beginning of CRC, or sync character 
transmission when the Transmit Un- 
derrun/EOM latch becomes set. 

Transmitter Interrupt/ DMA Enable— 
allows the MPSC to interrupt or re- 
quest a DMA transfer when the 
transmitter buffer becomes empty. 

Status Affects vector— (WR1, D2 ac- 
tive in channel B only.) if this bit is 
not set, then the fixed vector, pro- 
grammed in WR2, is returned from 
an interrupt acknowledge sequence. 
If the bit if set then the vector re- 
turned from an interrupt acknowl- 
edge is variable as shown in the In- 
terrupt Vector Table. 



D4, D3 
0 0 

0 1 

1 0 
1 1 
D5 



D6 
D7 

WR2 

D1,D0 



0 0 

0 1 

1 0 

1 1 
D2 

0 
1 

D5, D4, D3 



Receive Interrupt Mode. 

Receive Interrupts/ DMA Disabled. 

Receive Interrupt on First Character 
Only or Special Condition. 

Interrupt on All Receive Characters 
or Special Condition (Parity Error is a 
Special Receive Condition). 

Interrupt on All Receive Characters 
or Special Condition (Parity Error is 
not a Special Receive Con<jlition). 

Wait on Receive/Transmit— when 
the following conditions are met the 
RDY pin is activated, othen/vise it is 
held in the High-Z state. (Conditions: 
I nterrupt_ Enabled Mode, Wait En- 
abled, CS = 0, AO = 0/1, and A1 = 
0). The RDY pin is pulled low when 
the transmitter buffer is full or the re- 
ceiver buffer is empty and it is driven 
High when the transmitter buffer is 
empty or the receiver buffer is full. 
The RDYa and RDYb may be wired 
OR connected since only one signal 
is active at any one time while the 
other is in the High Z state. 

Must be Zero. 

Wait Enable— enables the wait func- 
tion. 

Channel A Only 

System Configuration— These speci- 
fy the data transfer from MPSC chan- 
nels to the CPU, either interrupt or 
DMA based. 

Channel A and Channel B both use 
interrupts. 

Channel A uses DMA, Channel B 
uses interrupts. 

Channel A and Channel B both use 
DMA. 

Illegal Code. 

Priority — ^this bit specifies the relative 
priorities of the internal MPSC inter- 
rupt/DMA sources. 

(Highest) RxA, TxA, RxB, TxB, ExTA, 
ExTB (Lowest). 

(Highest) RxA, RxB, TxA, TxB, ExTA, 
ExTB (Lowest). 

Interrupt Code— specifies the behav- 
ior of the MPSC when it receives an 
interrupt apknowledge sequence 
from the CPU. (See Interrupt Vector 
Mode Table.) 



2-124 



inlef 



8274 



0 X X Non-vectored Interrupts— Intended 

for use with external DMA CON- 
TROLLER. The Data Bus remains In 
a high Impedance state during INTA 
sequences. 

1 0 0 8085 Vector Mode 1— Intended for 

use as the primary MPSC in a daisy 
chained priority structure. (See Sys- 
tem Interface section). 



Write Register 2 (WR2): Channei A Oniy 



1 0 1 



1 1 0 



D6 
D7 



8086 Vector Mode 2— Intended for 
use as any secondary MPSC in a dai- 
sy chained priority structure. (See 
System Interface section). 

8086/88 Vector Mode— intended for 
use as either a primary or secondary 
in a daisy chained priority structure. 
(See System Interface section). 

Must be zero. 

zero Pin 10 = RTSb 

one Pin 10 = SYNDETb 





0 




0 


I 




D7 ^ 06 


DS 


.1 

04 

1 




02 


01 1 OO 



0 0 BOTH INTERRUPT 

0 1 A DMA. B INT 

1 0 BOTH OMA 
1 1 ILLEGAL 

PRIORITY RxA RxB TxA TxB EXTA* EXTB* 



PRIORITY RxA TxA RxB TxB EXTA* EXTB* 




1 VECTOREO INTERRUPT 
0 NOr^ VECTOREO INTERRUPT 

MUST BE ZERO 



1 PIN 10 SYNOETo 



0 PIN 10 RTSq 



NOTE: 

♦External Status Interrupt only if EXT Interrupt Enable (WR1; DO) is set. 
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the following tabl^escrlbes the MPSC's response to an interrupt acknowledge sequence: 





D4 


D3 


1^ 


MODE 


INTA 


Data Bus 






X 


X 


Non-vectored 


Any INTA 


D7 DO 
High Impedance 




0 


0 


0 


85 Mode 1 


1st INTA 
2nd INTA 
3rd INTA 


110 0 110 1 
V7 V6 V5 V4* V3* 72* VI VO 
000 0 0 0 0 0 




0 


0 


1 


85 Mode 1 


1st INTA 
2nd INTA 
3rd INTA 


110 0 110 1 
High Impedance 
High Impedance 




1 


0 


0 


86 Mode 


1st INTA 
2nd INTA 


High Impedance 

V7 V6 V5 V4 V3 V2* VI* VO* 




0 


1 


0 


85 Mode 2 


1st INTA 
2nd INTA 
3rd INTA 


High Impedance 

V7 V6 V5 V4* V3* V2* VI VO 
00000000 




0 


1 


1 


85 Mode 2 


1st INTA 
2nd INTA 
3rd INTA 


High Impedance 
High Impedance 
High Impedance 




1 


0 


1 


86 Mode 


1st INTA 
2nd INTA 


High Impedance 
High Impedance 



NOTE: 

*These bits are variable if the "status affects vector" mode has been programmed, (WR1B, D2). 



Interrupt/DMA Mode, Pin Functions, and Priority 



Oh. A WR2 


Int/DMA 
Mode 


Pin Functions 


Priority 

Highest Lowest 


RDYa/ 
RxDRQa 
Pin 32 


rdyb/ 

TxDRQa 
Pin 11 


PIP/ 
RxDRQb 
Pin 29 


IPO/ 
TxDRQb 
Pin 30 


D2 


Di 


Do 


OH. A 


CH.B 


0 


0 


0 


INT 


INT 


RDYa 


RDYb 


TpI 


IPO 


RxA. TxA, RxB, TxB, EXTa, EXTb 


1 


0 


0 


INT 


INT 


RxA, RxB, TxA, TxB, EXTa, EXTb 


0 


0 


1 


DMA 




RxDRQa 


TxDRQa 


IPI 


IPO 


RxA, TxA (DMA) 




INT 


RxAd), RxB, TxB, EXTa, EXTb (INT) 


1 


0 


1 


DMA 




RxA, TxA (DMA) 




INT 


RxAd), RxB, TxB, EXTa, EXTb (INT) 


0 


1 


0 


DMA 


DMA 


RxDRQa 


TxDRQa 


RxDRQb 


TxDRQb 


RxA, TxA, RxB, TxB (DMA) 
RxA(l), RxBd), EXTa, EXTb, (iNT) 


1 


1 


0 


DMA 


DMA 


RxA, RxB, TxA, TxB, (DMA) 
RxAd), RxBd), EXTa, EXTb (INT) 



NOTE: 

1 . Special Receive Condition 
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Interrupt Vector Mode Table 



8085 Modes 
8086/88 Mode 


V4 V3 V2 
V2 Vi Vo 


Channel 


Condition 




0 0 0 
0 0 1 
0 1 0 
0 1 1 


B 


Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 
(Note1) 




1 0 0 
1 0 1 
1 1 0 

1 1 1 


A 


Tx Buffer Empty 
Ext/Status Change 
Rx Char. Available 
Special Rx Condition 
(Note1) 



NOTE: 

1 . Special Receive Condition = Parity Error, Rx Overrun Error, Framing Error, End of Frame (SDLC). 
Write Register 2 (WR2): Channel B 



— 1 

V7 
.. 1 


1 1 1 1 

V6 VS V4 V3 
1 1 1 1 


I 

1 I 


1 

V1 VO 

1 


v. 









Interrupt 



Vector 
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WR2 CHANNEL B 

D7-D0 Interrupt vector— This register con- 
tains the value of the interrupt vector 
placed on the data bus during inter- 
rupt acknowledge sequences. 



Write Register 3 (WR3): 



I 

MSB 


I 


0 


0 


0 


i } 




I 

LSB 


D7 


J.. 


D5 


D4 


D3 


D2 


D1 


DO 



I — Rx ENABLE 

SYNC CHAR LOAD INHIBIT 

ADOR SRCH MODE (SDLC) 

RxCRC ENABLE 

ENTER HUNT MODE 



-AUTO ENABLES 



0 0 Rx 5 BITS/CHAR 

0 1 Rx 7 BITS/CHAR 

1 0 Rx 6 BITS/CHAR 
1 1 Rx 8 BITS/CHAR 
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WR3 

DO 



D1 



D2 



D3 



D4 



D5 



D7, D6 
0 0 



WR4 

DO 



Receiver Enable— A one enables the 
receiver to begin. This bit should be 
set only after the receiver has been 
initialized. 

Sync Character Load Inhibit— A one 
prevents the receiver from loading 
sync characters into the receive buff- 
ers. In SDLC, this bit must be zero. 

Address Search Mode— If the SDLC 
mode has been selected, the MPSC 
will receive all frames unless this bit 
is a 1 . If this bit is a 1 , the MPSC will 
receive only frames with address 
(OFFH) or the value loaded into WR6. 
This bit must be zero in non-SDLC 
modes. 

Receive CRC Enable— A one in this 
bit enables (or re-enables) CRC cal- 
culation. CRC calculation starts with 
the last character placed in the Re- 
ceiver FIFO. A zero in this bit dis- 
ables, but does not reset, the Receiv- 
er CRC generator. 

Enter Hunt Phase— After initializa- 
tion, the MPSC automatically enters 
the Hunt mode. If synchronization is 
lost, the Hunt phase can be re-en- 
tered by writing a one to this bit. 

Auto Enable— A one written to this 
bit causes^CD to be autom atic e nable 
signal for the receiver and CTS to be 
an automatic enable signal for the 
transmitter. A zero written t o thi s bit 
limits the effect of CD and CTS sig- 
nals to setting/resetting their corre- 
sponding bits in the status register 
(RRO). 

Receive Character length 
Receive 5 Data bits/character 
Receive 7 Data bits/character 
Receive 6 Data bits/character 
Receive 8 Data bits/character 



Parity— A one in this bit causes a par- 
ity bit to be added to the pro- 
grammed number of data bits per 
character for both the transmitted 
and received character. If the MPSC 
is programmed to receive 8 bits per 
character, the parity bit is not trans- 
ferred to the microprocessor. With 
other receiver character lengths, the 
parity bit is transferred to the micro- 
processor. 



Write Register 4 (WR4): 



07 j 06 


05 1 04 
1 


03 j 02 


01 


OO 



1 = ENABLE PARITY 
0 = OiSABLE PARITY 



1 = EVEN PARITY 



0 - ODD PARITY 



0 0 ENABLE SYNC MODES 

0 1 1 STOP BIT 

1 0 1.5 STOP BITS 
1 1 2 STOP BITS 

0 0 8 BIT SYNC CHAR 

0 1 16 BIT SYNC CHAR 

1 0 SDLC/HDLCMOOE(01111110)FLAG 
1 1 EXTERNAL SYNC MODE 
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D1 



D3, D2 
0 0 

0 1 

1 0 
1 1 
D5,D4 
0 0 

0 1 

1 0 
1 1 
D7, D6 



Even/Odd Parity— If parity Is en- 
abled, a one in this bit causes the 
MPSC to transmit and expect even 
parity, and a zero causes it to send 
and expect odd parity. 

Stop bits/sync mode 

Selects synchronous modes 

Async mode, 1 stop bit/character 

Async mode, 1 "Vi stop bits/character 

Async mode, 2 stop bits/character 

Sync mode select 

8-bit sync character 

16-bit sync character 

SDLC mode (Flag sync) 

External sync mode 

Clock Mode — Selects the clock/data 
rate multiplier for both the receiver 
and the transmitter. 1x mode must be 
selected for synchronous modes. If 
the 1x mode is selected, bit synchro- 
nization must be done externally. 
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0 0 Clock rate = Data rate x 1 

0 1 Clock rate = Data rate x 16 

1 0 Clock rate = Data rate x 32 
1 1 Clock rate = Data rate x 64 

Write Register 5 (WR5): 



I 



CRC ENABLE 

.BTS 

.SOLC/CRC-16 (CRC MODE) 



-Tk ENABLE 
_SEND BREAK 



0 0 5 BITS OR LESS/CHAR 

0 1 Tk 7 BITS/CHAR 

1 0 Tk 6 BITS/CHAR 
1 1 Tk 8 BITS/CHAR 
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D1 



D2 



D3 



D4 



D6, D5 
0 0 

0 1 

1 0 
1 1 



Request to Sen d—A one in this bit 
forces the RTS pin activ e (low ) and 
zero in this bit forces the RTS pin in- 
active (high). 

CRC Select— A one in this bit selects 
the CRC~16 polynomial (X16 + X15 
+ X2 + 1) and a zero in this bit se- 
lects the CCITT-CRC polynomial (X1& 
+ X12 + X5 + 1). In SDLC mode, 
CCITT-CRC must be selected. 

Transmitter Enable— A zero in this bit 
forces a marking state on the trans- 
mitter output. If this bit is set to zero 
during data or sync character trans- 
mission, the marking state is entered 
after the character has been sent. If 
this bit is set to zero during transmis- 
sion of a CRC character, sync or flag 
bits are substituted for the remainder 
of the CRC bits. 

Send Break — ^A one in this bit forces 
the transmit data low. A zero in this 
bit allows normal transmitter opera- 
tion. 

Transmit Character length 
Transmit 1 -5 bits/character 
Transmit 7 bits/character 
Transmit 6 bits/ character 
Transmit 8 bits/character 



WR5 

DO 



Transmit CRC Enable— A one in this 
bit enables the transmitter CRC gen- 
erator. The CRC calculation is done 
when a character is moved from the 
transmit buffer into the shift register. 
A zero in this bit disables CRC calcu- 
lations. If this bit is not set when a 
transmitter underrun occurs, the CRC 
will not be sent. 



Bits to be sent must be right justified least significant 
bit first, e.g.: 

07 D6 D5 D4 D3 D2 D1 DO 
0 0 B5 B4 B3 B2 B1 BO 

07 Dat a Ter minal Ready— When set, this bit forces 
the DTR pin ac tive (low). When reset, this bit 
forces the DTR pin inactive (high). 



Five or less mode allows transmission of one to five bits per character. The 
microprocessor must format the data in the following way: 



D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




1 


1 


1 


1 


0 


0 


0 


BO 


Sends one data bit 


1 


1 


1 


0 


0 


0 


B1 


BO 


Sends two data bits 


1 


1 


0 


0 


0 


B2 


B1 


BO 


Sends three data bits 


1 


0 


0 


0 


B3 


B2 


B1 


BO 


Sends four data bits 


0 


0 


0 


B4 


B3 


B2 


B1 


BO 


Sends five data bits 
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Write Register 6 (WR6): 



MSB 


LSB 




D7 ' D6 ' 05 ' D4 ' 03 ' D2 ' D1 ' 00 
1 1 1 1 1 1 1 








J 








Least significant 








Sync byte (Address 
in SOLC/HOLC Mode) 








170102- 


11 



Write Register 7 (WR7): 



MSB 



LSB 



07 ' 06 ' 05 ' 04 ' 03 ' 02 ' 01 ' OO 

_l I I I I I L_ 



Most Significant 



Sync byte (must 
be 01111110 in 
SOLC/HOLC Mode) 



WR6 

D7-D0 



WR7 

D7-D0 



Sync/Address— This register con- 
tains tlie transmit sync character in 
Monosync mode, the low order 8 
sync bits in Bisync mode, or the Ad- 
dress byte in SDLC mode. 



Sync/ Flag— This register contains 
the receive sync character in Mono- 
sync mode, the high order 8 sync bits 
in Bisync mode, or the Flag character 
(01111110) in SDLC mode. WR7 is 
not used in External Sync mode. 



RRO 

DO 



D1 



D2 



Receive Character Available—This 
bit is set when the receive FIFO con- 
tains data and is reset when the 
FIFO is empty. 

Interrupt In-Service* — If an Internal 
Interrupt is pending, this bit is set at 
the falling edge of the second INTA 
pulse of an INTA cycle. In non-vec- 
tored mode, thi§_bit is set at the fall- 
ing edge of RD after pointer 2 is 
specified. This bit is reset when an 
EOl command is issued and there 
are no other interrupts in-service at 
that time. 

Transmit Buffer Empty— This bit is 
set whenever the transmit buffer is 



*This bit is only valid when W\ is active low and is 
always zero in Channel B. 



Read Register 0 (RRO): 



07 


06 


05 


04 


03 


02 


01 


OO 



Rx CHAR AVAILABLE 
INT IN-SERVICE (CHA only) 

Tx BUFFER EMPTY 
CARRIER OETECT 

SYNC/HUNT 

CTS 

Tx UNOERRUN/EOM 
BREAK/ABORT 



V EXTERNAL STATUS 
/ INTERRUPT MOOE 
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empty except when CRC characters 
are being sent in a synchronous 
mode. This bit is reset when the 
transmit buffer is loaded. This bit is 
set after an MPSC reset. 

D3 Carrier Detect— This bit contains the 

state of the CD pin at the time of the 
last change of any of the External/ 
Status bits (CD, CTS, Sync/Hunt, 
Break/ Abort, or Tx Underrun/EOM). 
Any change of state of the CD pin 
causes the CD bit to be latched and 
causes an External/Status interrupt. 
This bit indicates current state of the 
CD pin immediately following a Reset 
External/Status Interrupt command. 

D4 Sync/ Hunt — In asynchronous modes, 

the operation of this bit is similar to 
the CD status bit, except t hat Sync/ 
Hunt shows the state of the SYNDET 
inpu t. Any Hig h-to-Low transition on 
the SYNDET pin sets this bit, and 
causes an External/Status interrupt 
(if enabled). The Reset External/ 
Status Interrupt command is issued 
to clear the interrupt. A Low-to-High 
transition clears this bit and sets the 
External/Status interrupt. When the 
External/Status interrupt is set by the 
change In state of any other input or 
condition, thi s bit show s the inverted 
state of the SYNDET pin at time of 
the change. This bit must be read im- 
mediately following a Reset Exter- 
nal/Status Interrupt command to 
read the current state of the 
SYNDET input. 

In the External Sync mode, the 
Sync/Hunt bit operates in a fashion 
similar to the Asynchronous mode, 
except the Enter Hunt Mode control 
bit enables the external sync detec- 
tion logic. When the External Sync 
Mode and Enter Hunt Mode bits are 
set (for example, when the receiver is 
enabled following a reset), the 
SYNDET input must be held High by 
the external logic until external char- 
acter synch ronization is achieved. A 
High at the SYNDET input holds the 
Sync/Hunt status in the reset condi- 
tion. 

When ex ternal sy nchronization is 
achieved, SYNDET must be driven 
Low on the second rising edge of 
RxC after the rising edge of RxC on 
which the last bit of the sync charac- 
ter was received. In other words, af- 



ter the sync pattern is detected, the 
external logic must wait for two full 
Receive C lock cycles to activitate the 
SYNDET input. Once SYNDET is 
forced Low, it is good practice to 
keep It Low until the CPU informs the 
external sync logic that synchroniza- 
tion has been lost or a new message 
is about to st art. The H igh-to-Low 
transition of the SYNDET output sets 
the Sync/ Hunt bit, which sets the Ex- 
ternal/Status interrupt. The CPU 
must clear the interrupt by issuing the 
Reset External/Status Interrupt 
Command. 

When the SYNDET input goes High 
again, another External/Status inter- 
rupt is generated that must also be 
cleared. The Enter Hunt Mode con- 
trol bit is set whenever character syn- 
chronization is lost or the end of 
message is detected. In this case, 
the MPSC again look s for a Hig h-to- 
Low transition on the SYNDET input 
and the operation repeats as ex- 
plained previously. This implies the 
CPU should also Inform the external 
logic that character synchronization 
has been l ost and th at the MPSC is 
waiting for SYNDET to become ac- 
tive. 

In the Monosync and Bisync Receive 
modes, the Sync/Hunt status bit is 
initially set to 1 by the Enter Hunt 
Mode bit. The $ync/Hunt bit is reset 
when the MPSC establishes charac- 
ter synchronization. The High-to-Low 
transition of the ^ync/Hunt bit caus- 
es an External/Status interrupt that 
must be cleared by the CPU issuing 
the Reset External/Status Interrupt 
command. This enables the MPSC to 
detect the next transition of other Ex- 
ternal/Status bits. 

When the CPU detects the end of 
message or that character synchroni- 
zation is lost, it sets the Enter Hunt 
Mode control bit, which sets the 
Sync/Hgnt bit to 1. The Low-to-High 
transition of the Sync/ Hunt bit sets 
the External/Status Interrupt, which 
must als o be c leared by the Reset 
External/Stat us Interru pt Command. 
Note that the SYNDET pin acts as an 
output In this mode, and goes low ev- 
ery time a sync pattern is detected in 
the data stream. 
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In the SDLC mode, the Sync/Hunt bit 
is initially set by the Enter Hunt mode 
bit, or when the receiver is disabled. 
In any case, it is reset to 0 when the 
opening flag of the first frame is de- 
tected by the MPSC. The External/ 
Status interrupt is also generated, 
and should be handled as discussed 
previously. 

Unlike the Monosync and Bisync 
modes, once the Sync/Hunt bit is re- 
set in the SDLC mode, it does not 
need to be set when the end of mes- 
sage is detected. The MPSC auto- 
matically maintains synchronization. 
The only way the Sync/Hunt bit can 
be set again is by the Enter Hunt 
Mode bit, or by disabling the receiver. 

D5 Clear to Send— This bit co ntains the 

inverted state of the CTS pin at the 
time of the last change of any of the 
External/Status bits (CD, CTS, Sync/ 
Hunt, Break/ Abort, or Tx Underrun/ 
EOM ). Any change of state of the 
CTS pin causes the CTS bit to be 
latched and causes an External/ 
Status interrupt. This bit indicates the 
inver se of the current state of the 
CTS pin immediately following a Re- 
set External /Status Interrupt com- 
mand. 

D6 Transmitter Underrun/End of Mes- 

sage—This bit is in a set condition 
following a reset (internal or exter- 
nal). The only command that can re- 
set this bit is the Reset Transmit Un- 
derrun/EOM Latch command (WRO, 
De and Dy). When the Transmit Un- 
derrun condition occurs, this bit is 
set, which causes the External/ 
Status Interrupt which must be reset 
by issuing a Reset External/Status 
command (WRO; command 2). 

D7 Break/ Abort— In the Asynchronous 

Receive mode, this bit is set when a 
Break sequence (null character plus 
framing error) is detected in the data 
stream. The External /Status inter- 
rupt, if enabled, is set when break is 
detected. The interrupt service rou- 
tine must issue the Reset External/ 
Status Interrupt command (WRO, 
Conrimand 2) to the break detection 
logic so the Break sequence termina- 
tion can be recognized. 

The Break/ Abort bit is reset when 
the termination of the Break se- 
quence is detected in the incoming 
data stream. The termination of the 



Break sequence also causes the Ex- 
ternal/Status interrupt to be set. The 
Reset External/Status Interrupt com- 
mand must be issued to enable the 
break detection logic to look for the 
next Break sequence. A single extra- 
neous null character is present in the 
receiver after the termination of a 
break; it should be read and discard- 
ed. 

In the SDLC Receive mode, this 
status bit is set by the detection of an 
Abort sequence (seven or more 1's). 
The External/Status interrupt is han- 
dled the same way as in the case of 
a Break. The Break/ Abort bit is not 
used in the Synchronous Receive 
mode. 

DO All Sent— This bit is set when all 

characters have been sent, in asyn- 
chronous modes. It is reset when 
characters are in the transmitter, in 
asynchronous modes. In synchro- 
nous modes, this bit is always set. 

RR1: Residue Codes— Bit synchronous 

D3 D2 D1 protocols allow l-fields that are not 
an integral number of characters. 
Since transfers from the MPSC to the 
CPU are character oriented, the resi- 
due codes provide the capability of 
receiving leftover bits. Residue bits 
are right justified in the last data byte 
received or first CRC byte. 

D4 Parity Error — If parity is enabled, this 

bit is set for received characters 
whose parity does not match the pro- 
grammed sense (Even/Odd). This bit 
is latched. Once an error occurs, it 
remains set until the Error Reset 
command is written. 

D5 Receive Overrun Error— This bit indi- 

cates that the receive FIFO has been 
overloaded by the receiver. The last 
character in the FIFO is overwritten 
and flagged with this error. Once the 
overwritten character Is read, this er- 
ror condition is latched until reset by 
the Error Reset command. If the 
MPSC is in the status affects vector 
mode, the overrun causes a special 
Receive Condition Vector. 

D6 CRC/Framing Error — In async 

modes, a one in this bit indicates a 
receive framing error. In synchronous 
modes, a one in this bit indicates that 
the calculated CRC value does not 
match the last two bytes received. It 
can be reset by issuing an Error Re- 
set command. 
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SDLC Residue Code Table (I Field Bits in 2 Previous Bytes) 





8 bits/char 


7 bits/Char 


6 bits/Char 


5 bits/char 


RR1 


First CRC 
Byte 


Last Data 
Byte 


First CRC 
Byte 


Last Data 
Byte 


First CRC 
Byte 


Last Data 
Byte 


First CRC 
Byte 


Last Data 
Byte 


D3 D2 D1 


1 0 0 


0 


3 


0 


2 


0 


1 


0 


5 


0 1 0 


0 


4 


0 


3 


0 


2 


0 


1 


1 1 0 


0 


5 


0 


4 


0 


3 


0 


2 


0 0 1 


0 


6 


0 


5 


0 


4 


0 


3 


1 0 1 


0 


7 


0 


6 


0 


5 






0 1 1 


0 


8 


0 












1 1 1 


1 


8 














0 0 0 


2 


8 


1 


7 


0 


6 


0 


4 



Read Register 1 (RR1): (Special Receive Condition Mode) 



MSB 



LSB 



D7 


D6 


D5 


D4 


D3 1 02 1 D1 


DO 



0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 
1 0 1 
1 1 0 

1 1 1 



L 



ALL SENT 

FIRST CRC 
BYTE 

2 
0 
0 
0 
0 
0 
0 
1 



LAST DATA BYTE 



6 
4 
8 

3 
7 
5 

8 J 



V RESIDUE DATA 
/ 8 BITS/CHAR. MODE 



- PARITY ERROR 

-Rx OVERRUN ERROR 

. CRC/FRAMING ERROR 

. END OF FRAME (SDLC/HDLC MODE) 
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D7 End of Frame— This bit is valid only 

in SDLC mode. A one indicates that a 
valid ending flag has been received. 
This bit is reset either by an Error Re- 
set command or upon reception of 
the first character of the next frame. 

Read Register 2 (RR2): 



V7 V6 V5 V4* V3* V2* VI* VO* 
I I \ I I I I 



*Wiriable in 
. Statu* Affects 
Vector Mode (WR1;02) 



RR2 Channel B 

D7-D0 Interrupt Vector — Contains the inter- 
rupt vector programmed into WR2. If 
the status affects vector mode is se- 
lected (WR1; D2), it contains the 
modified vector (See WR2). RR2 
contains the modified vector for the 
highest priority interrupt pending. If 
no interrupts are pending, the vari- 
able bits in the vector are set to one. 



SYSTEM INTERFACE 



General 

The MPSC to Microprocessor System interface can 
be configured in many flexible ways. The basic inter- 
face types are polled, wait, interrupt driven, or direct 
memory access driven. 

Polled operation is accomplished by repetitively 
reading the status of the MPSC, and making deci- 
sions based on that status. The MPSC can be polled 
at any time. 

Wait operation allows slightly faster data throughput 
for the MPSC by manipulating the Rea^y input to the 
microprocessor. Block Read or Write Operations to 
the MPSC are started at will by the microprocessor 
and the MPSC deactivates its RDY signal if it is not 
yet ready to transmit the new byte, or if reception of 
new byte is not completed. 

Interrupt driven operation is accomplished via an in- 
ternal or external interrupt controller. When the 
MPSC requires service, it sends an interrupt request 
signal to the microprocessor, which responds with 



an interrupt acknowledge signal. When the internal 
or external interrupt controller receives the acknowl- 
edge, it vectors the microprocessor to a service rou- 
tine, in which the transaction occurs. 

DMA operation is accomplished via an external DMA 
controller. When the MPSC needs a data transfer, it 
requests a DMA cycle from the DMA controller. The 
DMA controller then takes control of the bus and 
simultaneously does a read from the MPSC and a 
write to memory or vice-versa. 

The following section describes the many configura- 
tions of these basic types of system interface tech- 
niques for both serial channels. 



POLLED OPERATION 

In the polled mode, the CPU must monitor the de- 
sired conditions within the MPSC by reading the ap- 
propriate bits in the read registers. All data available, 
status, and error conditions are represented by the 
appropriate bits in read registers 0 and 1 for chan- 
nels A and B. 

There are two ways in which the software task of 
monitoring the status of the MPSC has been re- 
duced. One is the "ORing" of all conditions into the 
Interrupt Pending bit. (RRO; D1 channel A only). This 
bit is set when the MPSC requires service, allowing 
the CPU to monitor one bit instead of four status 
registers. The other is available when the "status-af- 
fects-vector" mode is selected. By reading RR2 
Channel B, the CPU can read a vector who's value 
will indicate that one or more of group of conditions 
has occurred, narrowing the field of possible condi- 
tions. See WR2 and RR2 in the Detailed Command 
Description section. 

WAIT OPERATION 

Wait Operation is intended to facilitate data trans- 
mission or reception using block move operations. If 
a block of data is to be transmitted, for example, the 
CPU can execute a String I/O instruction to the 
MPSC. After writing the first byte, the CPU will at- 
tempt to write a second byte immediately as is the 
case of block move. The MPSC forces the RDY sig- 
nal low which inserts wait states in the CPU's write 
cycle until the transmit buffer is ready to accept a 
new byte. At that time, the RDY signal is high allow- 
ing the CPU to finish the write cycle, the CPU then 
attempts the third write and the process is repeated. 

Similar operation can programmed for the receiver. 
During initialization, wait on transmit (WR1; D5 = 0) 
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Software Flow, Polled Operation 




READ Rx DATA 



(Tx BUF EMPTY). 



9- 



WRITE Tx DATA 



RECEIVE TRANSMIT 

170102-16 

NOTES: 

1. RRO; DO Is reset automatically when the data is 
read. 

2. RRO; D2 is reset automatically when the data is writ- 
ten. 



or wait on receive (WR1; D5 = 1) can be selected. 
The wait operation can be enabled/disabled by set- 
ting/resetting the Wait Enable Bit (WR1; D7). 

NOTE: 

CAUTION: ANY CONDITION THAT CAN CAUSE 
THE TRANSMITTER TO STOP (E.G., CTS GOES 
INACTIVE) OR THE RECEIVER TO STOP (E.G., 
RX DATA STOPS) WILL CAUSE THE MPSC TO 
HANG THE CPU UP IN WAIT STATES UNTIL RE- 
SET. EXTREME CARE SHOULD BE TAKEN 
WHEN USING THIS FEATURE. 



INTERRUPT DRIVEN OPERATION 

The MPSC can be progrannnfied into several inter- 
rupt modes: Non-Vectored, 8085 vectored, and 
8088/86 vectored. In both vectored modes, multiple 
MPSC's can be daisy-chained. 

In the vectored mode, the MPSC responds to an 
interrupt acknowledge sequence by placing a call in- 
struction (8085 mode) and interrupt vector (8085 
and 8088/86 mode) on the data bus. 

The MPSC can be programmed to cause an inter- 
rupt due to up to 14 conditions in each channel. The 
status of these interrupt conditions is contained in 
Read Registers 0 and 1 . These 1 4 conditions are all 
directed to cause 3 different types of internal inter- 
rupt request for each channel: receive/interrupts, 
transmit interrupts and external /status interrupts (if 
enabled). 

This results in up to 6 internal interrupt request sig- 
nals. The priority of those signals can be pro- 
grammed to one of two fixed modes: 

Highest Priority Lowest Priority 

RxA RxB TxA TxB ExTA ExTB 

RxA TxA RxB TxB ExTA ExTB 

The interrupt priority resolution works differently for 
vectored and non-vectored modes. 



Hardware Configuration, Polled Operation 



\ ADDRESS BUS 








1 1 


1 


& DATA BUS 









WR. 



820S 



DBO-7 
Ao 

MPSC 

CS 
RD 
WR 



INTA 
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Interrupt Condition Grouping 



INTERNAL INTERRUPT 
REQUEST 



RECEIVE CHARACTER. 
PARITY ERROR - 



RECEIVE OVERRUN ERROR . 
FRAMING ERROR- 



END OF FRAME (SDLC ONLY). 
FIRST DATA CHARACTER. 



SPECIAL 
RECEIVE 
CONDITION 

INTPPRVPT 



INTERRUPT ON ALL 
RECEIVE CHARACTERS 



RECEIVE 
INTERRUPT 



FIRST NON-SYNC CHARACTER (SYNC MODES). 
VALID ADDRESS BYTE (SDLC ONLY) 

CD TRANSITION. 



INTERRUPT ON FIRST 
R, CHARACTER 



CTS TRANSITION 

SYNC TRANSITION 

Tx UNDERRUN/EOM 

BREAK/ABORT DETECT. 



TRANSMIT BUFFER EMPTY. 



EXTERN AU 

STATUS 
INTERRUPT 



TRANSMIT 
INTERRUPT 
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INTERNAL 
INTERRUPT 
ACCEPTED 



► LOWER PRIORITY INTERRUPTS NOT ACCEPTED 




PRIORITY RESOLUTION: VECTORED MOPE 

Any interrupt condition can be accepted internally to 
the MPSC at any time, unless the MPSC's internal 
INTA signal is active, unless a_h[gher priority inter- 
rupt is currently accepted, or if IPI is inactive (high). 
The MPSC's internal INTA is set on the leading (fall- 



ing) edge of the first External INTA pulse and reset 
on th e trailing (rising) edge of the second External 
INTA pulse. After an interrupt is accepted internally, 
and External INT request is generated and the IPO 
goes inactive. IPO and IPI are used for daisy-chain- 
ing MPSC's together. 
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In-Service Timing 



INTERNAL INTERRUPT 
ACCEPTED 



IPi 



INTERRUPT 
(EXTERNAL) 



INTA 
(EXTERNAL) 



INTA 
(INTERNAL) 




IN-SERVICE 
(INTERNAL) 



The MPSC's Internal INTA is set on the leading (fall- 
ing) edge of the first external INTA pulse, and reset 
on th e trailing (rising) edge of the second external 
INTA pulse. Afte r an Interrupt is accepted internally, 
and external I NT request is generated and IPS goes 
inactive (higli). TP5 and iPl are used for daisy-chain- 
ing MPSC's together. 
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Each of the six interrupt sources has an associated 
In-Service latch. After priority has been resolved, the 
highest priority In-Service latch is set. After the In- 
Service latch is set, the INT pin goes inactive (high). 

NOTE: 

If the External INT pin is active and the IPI signal Js^ pulled 
inactive high, the INT signal will also go inactive. IPI quali- 
fies the External INT Signal. 
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EOf Command Timing 
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Lower priority interrupts are not accepted internally 
whil^ the In-Service l^itch is set. However, higher pri- 
orfty interrMf)ts ar^ accepted intomally and d new ex- 
t^Mal IF3T recfUest is gehibratf d. If the CPU responds 
with} a riew INTA ^eqgencQ, the MPSC will respond 
as before, suspencfihg the lower priority Interrupt. 



After the Interrupt is serviced, the End-of-lnterrupt 
(EOl) command should be written to the MPSC. This 
command Will cause an internal pulse that is used to 
reset the In-Service Latch which allows service for 
lower priority Interrupts in the daisy-chain to resume, 
provided a new INTA sequence does not start for a 
higher priority interrupt (higher than the highest un- 
der service). If therejs no interrupt pending internal- 
ly, the IPO follows IPI. 
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Non-Vectored Interrupt Timing 




170102-22 



nal in the vectored mode. It inhibits acceptance of 
any additional internal interrupts and its leading 
edge starts the interrupt priority resolution circuit. 
The interrupt priority resolution is ended by the lead- 
ing edge of the read signal used by the CPU to re- 
trieve the modified vector. The leading edge of read 
sets the In-Service latch and forces the external INT 
output inactive (high). The internal pointer is reset to 
zero after the trailing edge of the read pulse. 

NOTE: 

That if RR2 is specified but not read, no internal in- 
terrupts, regardless of priority, are accepted. 



PRIORITY RESOLUTION: 
NON-VECTORED MODE 

In non-vectored mode, the MPSC does n ot res pond 
to interrupt acknowledge sequences. The INTA input 
(pin 27) must be pulled high for proper operation. 
The MPSC should be programmed to the Status- Af- 
fects-Vector mode, and the CPU should read RR2 
(Ch. B) in its service routine to determine which in- 
terrupt requires service. 

In this case, the internal pointer being set to RR2 
provides the same function as the internal INTA sig- 
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INTA Q. 



INTA 



HIGHEST*PRIORITY 



■0 TPi 



INTA 

Tp5|0- 



m 



TpoIO- 



LOWESr'pmORITY 
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DAISY CHAINrNG MPSC 

In the vectored interrupt mode, multipl e MPS C's can 
be daisy-chained on the same INT, INTA signals. 
These signals, in conjunction with the IPI and IPO 
allow a daisy-chain-like interrupt resolution scheme. 
This scheme can be configured for either 8085 or 
8086/88 based system. 

In either mode, the same hardware configuration is 
called for. The INT request lines are wire-OR'ed to- 
gether at the input of a T TL inv erter which drives the 
INT pin of the CPU. The INTA signal from the CPU 
drives all of the daisy-chained MPSC's. 

The MPSC drives IPO (Interrupt Priority Output) inac- 
tive (high) if IPI (Interrupt Priority Input) is inactive 
(high), or if the MPSC has an interrupt pending. 

The iPO_of the highest priority MPSC is connected 
to the IPI of the next highest priority MPSC, and so 
on. 



If IPI is active (low), the MPSC knows that all higher 
priority MPSC's have no interrupts pending. The IPI 
pin of the highest priority MPSC is strapped active 
(low) to ensure that it always has priority over the 
rest. 

MPSC's Daisy-chained on an 8088/86 CPU should 
be programmed to the 8088/86 Interrupt mode 
(WR2; D4, D3 Ch. A). MPSC's Daisy-chained on an 
8085 CPU should be programmed to 8085 interrupt 
mode 1 if it is the highest priority MPSC. In this 
mode, the highest priority MPSC issues the CALL 
instruction during the first INTA cycle, and the inter- 
rupting MPSC provides the interrupt vector during 
the following INTA cycles. Lower priority MPSC's 
should be programmed to 8085 interrupt mode 2. 

MPSC's used alone in 8085 systems should be pro- 
grammed to 8085 mode 1 interrupt operation. 
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DMA Acknowledge Circuit 



DACKq - 



On 



MULTIPLEXER 



CS 



Ao 
A1 
CS 







A, 



CS 
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DMA Timing 



DRQ, 



\ 



Ao, Ai,CS. 



X 



RD, WR • 
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DI\1A OPERATION 

Each MPSC can be programmed to utilize up to four 
DMA channels: Transmit Channel A, Receive Chan- 
nel A, Transmit Channel B, Receive Channel B. 
Each DMA Channel has an associated DMA Re- 
quest line. Acknowledgement of a DMA cycle is 
done via normal data read or write cycles. This is 
accomplished by encoding the DACK signals to gen- 
erate Ao, Ai , and CS, and multiplexing them with the 
normal Aq, A-i , and CS signals. 

PERMUTATIONS 

Channels A and B can be used with different system 
interface modes. In all cases it is possible to poll the 
MPSC. The following table shows the possible per- 



mutations of Interrupt, wait, and DMA modes for 
channels A and B. Bits Di, Dq of WR2 Ch. A deter- 
mine these permutations. 



Permutation 






WR2 Cli. A 


Channel A 


Channel B 


Di Do 






0 0 


Wait 


Wait 




Interrupt 


Interrupt 




Polled 


Polled 


0 1 


DMA 


Interrupt 




. Polled 


Polled 


1 0 


DMA 


DMA 




Polled 


Polled 



NOTE: 

D1, DO = 1, 1 is illegal. 
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A16-Aig 
ALE 



CLK 
RESET 



Q 

CLR O 
74LS74 
CLK 



OE 
8282 

01 DO 
STB 



Dl DO 
STB 



DOo-DO, 
J 8282 STB 



TT 




RkDRQ. 



TkORQa 
RxDRQe 



MULTIPLEXER 




T^DROg 



NOTE: 

The circuit was not designed based on a worst-case timing analysis. Specific implementations should include this timing analysis. 
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PROGRAMMING HINTS 

This section will describe some useful programming 
hints which may be useful in program development. 



Asynchronous Operation 

At the end of transmission, the CPU must issue "Re- 
set Transmit Interrupt/DMA Pending" command in 
WRO to reset the last transmit empty request which 
was not satisfied. Failing to do so will result in the 
MPSC locking up in a transmit empty state forever. 



Non-Vectored Mode 

In non-vectored mode, the Interrupt Acknowledge 
pin (INTA) on the MPSC must be tied high through a 
pull-up resistor. Failing to do so will result in unpre- 
dictable response from the 8274. 



HDLC/SDLC Mode 

When receiving data in SDLC mode, the CRC bytes 
must be read by the CPU (or DMA controller) just 
like any other data field. Failing to do so will result in 
receiver buffer overflow. The CRC bytes are not to 
be used for CRC verification. Residue bits may be 
contained in the first CRC byte. Also, the End of 
Frame Interrupt indicates that the entire frame has 
been received. At this point, the CRC result (RR1: 
D6) and residue code (RR1; D3, D2, D1) may be 
checked. 



Status Register RR2 

RR2 contains the vector which gets modified to indi- 
cate the source of interrupt (See the section titled 
MPSC Modes of Operation). However, the state of 
the vector does not change if no new interrupts are 
generated. The contents of RR2 are only changed 
when a new interrupt is generated. In order to get 
the correct information, RR2 must be read only after 
an interrrupt is generated, otherwise it will indicate 
the previous state. 



Initialization Sequence 

The MPSC initialization routine must issue a channel 
Reset Command at the beginning. WR4 should be 
defined before other registers. At the end of the ini- 
tialization sequence. Reset External /Status and Er- 
ror Reset commands should be issued to clear any 
spurious interrupts which may have been caused at 
power up. 



Transmit Under-run/EOM Latcli 

In SDLC/HDLC, bisync and monosync mode, the 
transmit under-run/ EOM must be reset to enable the 
CRC check bytes to be appended to the transmit 
frame or transmit message. The transmit under-run/ 
EOM latch can be reset only after the first character 
is loaded into the transmit buffer. When the transmit- 
ter under-runs at the end of the frame, CRC check 
bytes are appended to the frame/message. The 
transmit under-run/ EOM latch can be reset at any 
time during the transmission after the first character. 
However, it should be reset before the transmitter 
under-runs otherwise, both bytes of the CRC may 
not be appended to the frame/ message. In the re- 
ceive mode in bisync operation, the CPU must read 
the CRC bytes and two more SYNC characters be- 
fore checking for valid CRC result in RR1. 



Sync Character Load Inhibit 

In bisync/monosync mode only, it is possible to pre- 
vent loading sync characters into the receive buffers 
by setting the sync character load inhibit bit (WR3; 
D1 = 1). Caution must be exercised in using this 
option. It may be possible to get a CRC character in 
the received message which may match the sync 
character and not get transferred to the receive buff- 
er. However, sync character load inhibit should be 
enabled during all pre-frame sync characters so the 
software routine does not have to read them from 
the MPSC. 

In SDLC/HDLC mode, sync character load inhibit bit 
must be reset to zero for proper operation. 



EOl Command 

EOI command can only be issued through channel A 
irrespective of which channel had generated the in- 
terrupt. 



Priority In DMA Mode 

There is no priority in DMA mode between the fol- 
lowing four signals: TxDRQ(CHA), RxDRQ(CHA), 
TxDRQ(CHB), RxDRQ(CHB). The priority between 
these four signals must be resolved by the DMA 
controller. At any given time, all four DMA channels 
from the 8274 are capable of going active. 
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under "Abso- 



lute Maximum Ratings" may cause permanent dam- 

Ambient Temperature age to the device. This is a stress rating only and 

Under Bias 0**C to +70'G functional operation of the device at these or any 

Storage Temperature other conditions above those indicated in the opera- 

(Ceramic Package) - SS^C to + 1 SO^C tional sections of this specification is not implied. Ex- 

(Plastic Package) -40°C to + 125°C posure to absolute maximum rating conditions for 

Voltage on Any Pin with extended periods may affect device reliability. 

Respect to Ground -0.5V to + 7.0V 



D.C- CHARACTERISTICS Ta = ox to +70X; Vcc = +5V ±10% 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


+ 0.8 


V 




V|H 


Input High Voltage 


+ 2.0 


Vcc +0.5 


V 




Vol 


Output Low Voltage 




+ 0.45 


V 


Iql - 2.0 mA 


VOH 


Output High Voltage 


+ 2.4 




V 


lOH = 200 juiA 


l|L 


Input Leakage Current 




±10 


jLlA 


V|N = VcctoOV 


•OFL 


Output Leakage Current 




±10 


jaA 


VouT = Vcc to 0.45V 


'cc 


Vcc Supply Current 




200 


mA 





NOTE: 

1. For Extended Temperature EXPRESS, use MIL8274 electrical Parameters. 



CAPACITANCE Ta = 25"C; Vcc = QND = ov 



Symboi 


Parameter 


Min 


lhax 


Units 


Test Conditions 




Input Capacitance 




10 


PF 


fc = 1 MHz 


Cout 


Output Capacitance 




15 


PF 


Unmeasured pins 
returned to GND 


C|/o 


Input/Output Capacitance 




20 


pF 
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A.C. CHARACTERISTICS Ta = o'^cto +70°C; Vcc = +5V ±10% 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


tCY 


CLK Period 


250 


4000 


ns 




tcL 


CLK Low Time 


105 


2000 


ns 




Iqh 


CLK High Time 


105 


2000 


ns 




tf 


CLK Rise Time 


0 


30 


ns 




tf 


CLK Fall Time 


0 


30 


ns 




^AR 


AO, A1 Setup to RD 4. 


0 




ns 




^AD 


AO, A1 to Data Output Delay 




200 


ns 


Cl = 150 pF 


^RA 


AO, A1 Hold after RDt 


0 




ns 




tpD 


RD 4, to Data Output Delay 




200 


ns 


Cl = 150 pF 


tpp 


RD Pulse Width 


250 




ns 




toF 


Output Float Delay 




120 


ns 




^AW 


CS, AO, A1 Setup to WR i 


0 




ns 




^WA 


CS, AO, A1 Hold after WR t 


0 




ns 






WR Pulse Width 


250 




ns 






Data Setup to WR t 


150 




ns 




twD 


Data Hold after WRt 


0 




ns 




tpi 


IPI Setup to iNTAi 


0 




ns 




t|p 


IP! Hold after iFiTAt 


10 




ns 




til 


INTA Pulse Width 


250 




ns 




tpipo 


IPI i to IPO Delay 




100 


ns 




t|D 


INTA X to Data Output Delay 




200 


ns 




tcQ 


RDorWRto DRQi 




150 


ns 






Recovery Time Between Controls 


300 




ns 




tew 


CS, AO, A1 to RDYa or RDYb Delay 




140 


ns 




tpCY 


Data Clock Cycle 


4.5 




toy 




tocL 


Data Clock Low Time 


180 




ns 




tpcH 


Data Clock High Time 


180 




ns 






TxC to TxD Delay (x1 Mode) 




300 


ns 




tos 


RxD Setup to RxC t 


0 




ns 




tOH 


RxD Hold after RxC T 


140 




ns 




t|TD 


TxC to INT Delay 


4 


6 


toy 




t|RD 


RxC to InT Delay 


7 


10 


toy 




tpL 


CTS, CD, SYNDET Low Time 


200 




ns 




tpH 


CTS, CD, SYNDET High Time 


200 




ns 




t|PD 


External INT from CTS, CD. SYNDET 




500 


ns 
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A.C. TESTING INPUT/OUTPUT WAVEFORM 



A.C. TESTING LOAD CIRCUIT 



INPUT/OUTPUT . 

2.4 



^> TEST POINTS <^ 



170102-27 

A.C. Testing; Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 



DEVICE 
UNDER 
TEST 



r:CL = 150 pF 



Cl = 100 pF 

Cl Includes Jig Capacitance 
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WAVEFORMS 

CLOCK CYCLE 




READ CYCLE 



CS, AO. A1 




DB0-DB7 






X 




HIGH IMPEDANCE 
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WAVEFORMS (Continued) 
WRITE CYCLE 




170102-31 



DMA CYCLE 



DRQ 



C5. AO, A1 



RD OR WR 




170102-33 



READ/WRITE CYCLE (SOFTWARE POLLED MODE) 



CS, AO, A1 



RO OR WR 



ROY A OR ROYb 




170102-34 
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WAVEFORMS (Continued) 
TRANSMIT DATA CYCLE 



1SD 



iiif 
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RECEIVE DATA CYCLE 













X 




\ 
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OTHER TIMING 
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82530/82530-6 
SERIAL COMMUNICATIONS CONTROLLER (SCO) 



■ Two Independent Full Duplex Serial 
Channels 

■ On Chip Crystal Oscillator, Baud-Rate 
Generator and Digital Phase Locked 
Loop for Each Channel 

■ Programmable for NRZ, NRZI or FM 
Data Encoding/Decoding 

■ Diagnostic Local Loopback and 
Automatic Echo for Fault Detection and 
isolation 

■ System Clock Rates: 

— 4 MHz for 82530 

— 6 MHz for 82530-6 

■ Max Bit Rate (6 MHz) 

— Externally Clocked: 1.5 Mbps 
Self-Clocked: 

375 Kbps FM CODING 
187 Kbps NRZI CODING 
93 Kbps Asynchronous 

■ Interfaces with Any INTEL CPU, DMA or 
I/O Processor 

■ Available in 40 Pin DIP and 44 Lead 
PLCC 



■ Available In Express Version 

■ Asynchronous Modes 

— 5-8 bit Character; Odd, Even or No 
Parity; 1, 1.5 or 2 Stop Bits 

— Independent Transmit and Receive 
Clocks. IX, 16X, 32X or 64X 
Programmable Sampling Rate 

— Error Detection: Framing, Overrun 
and Parity 

— Break Detection and Generation 

■ Bit Synchronous Modes 

— SDLC Loop/Non-Loop Operation 

— CRC-16 or CCITT Generation 
Detection 

—-Abort Generation and Detection 

— l-f leld Residue Handling 

— CCITT X.25 Compatible 

■ Byte Synchronous Modes 

— Internal or External Character 
Synchronization (1 or 2 Characters) 

— Automatic CRC Generation and 
Checking (CRC 16 or CCITT) 

— IBM BIsync Compatible 



The INTEL 82530 Serial Communications Controller (SCC) is a dual-channel, multi-protocol data communica- 
tions peripheral. It is designed to interface high speed communications lines using Asynchronous, Byte syn- 
chronous and Bit synchronous protocols to INTEL'S microprocessors based systems. It can be interfaced with 
Intel's MCS51/96, iAPX86/88/186 and 188 in polled, interrupt driven or DMA driven modes of operation. 

The SCC is a 40-pin device manufactured using INTEL'S high-performance HMOS* 11 technology. 



* HMOS is a patented process of Intel Corporation. 
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CONTROL 



A/B D/? CSWRRD 
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GENERATOR 



TRANSMITTER/ 
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TxDa 

RxDa 
RTOa 

TRJCa 



READ 
REGISTERS 



WRITE 
REGISTERS 



CONTROL 
LOGIC 



CHANNEL B 
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INTERFACE 



SYNCa 



CTSa 
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Figure 1. 82530 Internal Block Diagrarh 
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82530/82530^6 




,i_ in K) o M <o itt: 

Is g § g g g g g g IS II 

nnnnnnnnnnn 



lEOC 7 

10 C 8 

iNTA C 9 

_ _Vcc[: 10 

RDY/REQaC 11 

SYNCaC 12 

RTxCaC 13 

RxDa Q 1 4 

TRxCa [[^ 1 5 

TxDoQ 16 

NC C 17 



6 5 4 3 2 1 44 43 42 41 40 



82530 

sec 



18 19 20 21 22 23 24 25 26 27 28 

uuuuuuuuuuu 



39 


□ a/b 


38 


□ cs 


37 


□ d/c 


36 


□ nc 


35 


□ gnd 


34 


□ RDY/REQb 


33 


□ sYNCb 


32 


□ RTxCb 


31 


□ RxDb 



30 □iRxCb 
29 □ixDb 
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Figure 2. Pin Configurations 

The following section describes the pin functions of the SCC. Figure 2 details the pin assignments. 

Tabie 1. Pin Description 



Symbol 


Pin No. 


Type 


Name and Function 


DIP 


PLCC 


DBo 
DBi 
DB2 
DB3 
DB4 
DB5 
DBe 
DB7 


40 
1 

39 
2 

38 
3 

37 
4 


1 
2 

44 
3 

43 

, 4 
42 
5 


I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
1/0 
I/O 


DATA BUS: The Data Bus lines are bi-directional three-state lines 
which interface with the system's Data Bus. These lines carry data 
and commands to and from the SCC. 


INT 


5 


6 


0 


INTERRUPT REQUEST: The interrupt signal is activated when the 
SCC requests an interrupt. It is an open drain output. 


lEO 


6 


7 


0 


INTERRUPT ENABLE OUT: lEO is High only if lEI is High and the 
CPU is not servicing an SCC interrupt or the SCC is not requesting 
an interrupt (Interrupt Acknowledge cycle only). lEO is connected 
to the next lower priority device's lEI input and thus inhibits 
interrupts from lower priority devices. 


lEI 


7 


8 


1 


INTERRUPT ENABLE IN: lEI is used with lEO to form an interrupt 
daisy chain when there is more than one interrupt-driven device. A 
High lEi indicates that no other higher priority device has an 
interrupt under service or is requesting an interrupt. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 




Name and Function 


DIP 


PLCC 


INTA 


8 


9 


1 


INTERRUPT ACKNOWLEDGE: This signal indicates an active Interrupt 
Acknowledge cycle. During this cycle, the SCO interrupt daisy chain 
settles. When RD becomes active, the SCC places an interrupt vector 

nn thA dfltfl htj<% (ii IFi Hinh^ INTA ic« Ip^trhsH hv ths ri^ina &c\afi of 

\Jl 1 11 Iv VJCIiCI UUO ^11 IL_I 19 1 IIMI II N 1 r\ lO ICllwl IvVJ tjj LI Iw 1 lOII lU vvlUv \JI 

CLK. 


Vcc 


9 


10 




POWER: + 5V Power supply. 


RDYa/REQa 
RDYb/REQb 


10 
30 


11 
34 


0 
0 


READY/REQUEST: (output, open-drain when programmed for a Ready 
function, driven High or Low when programmed for a Request function). 
These dual-purpose outputs may be programmed as Request lines for a 
DMA controller or as Ready lines to synchronize the CPU to the SCC 
data rate. The reset state is Ready. 


synca 
syncb 


11 
29 


12 
33 


I/O 
I/O 


SYNCHRONIZATION: These pins can act either as inputs, outputs or 
part of the crystal oscillator circuit. In the Asynchronous receive mode 
(crystal oscillator option not selected), these pins are inputs similar to 
CTS and CD. In this mode, transitions on these lines affect the state of 
the Synchronous/Hunt status bits in Read Register 0 (Figure 9) but 
have no other function. 

In External Synchronization mode with the crystal oscillator not 
selected, these lines also act as inputs. In this mode, SYNC must be 
driven LOW two receive clock cycles after the last bit in the 
synchronous character is received. Character assembly begins on the 
rising edge of the receive clock immediately preceding the activation of 
SYNC. 

In the Internal Synchronization mode (Monosync and Bisync) with the 
crystal oscillator not selected, these pins act as outputs and are active 
only during the part of the receive clock cycle in which synchronous 
characters are recognized. The synchronous condition is not latched, 
so these outputs are active each time a synchronization pattern is 
recognized (regardless of characters boundaries). In SDLC mode, these 
pins act as outputs and are valid on receipt of a flag. 


RTxCa 
RTxCb 


12 
28 


13 
32 


1 
1 


RECEIVE/TRANSMIT CLOCKS: These pins can be programmed in 
several different modes of operation. In each channel, RTxC may 
supply the receive clock, the transmit clock, the clock for the baud rate 
generator, or the clock for the Digital Phase Locked Loop. These pins 
can be programmed for use with the respective SYNC pins as a crystal 
oscillator. The receive clock may be 1 , 1 6, 32, or 64 times the data rate 
in Asynchronous modes. 


RxDa 
RxDb 


13 
27 


14 
31 


1 
1 


RECEIVE DATA: These lines receive serial data at standard TTL levels. 


TRxCa 
TRxCb 


14 
26 


15 
30 


I/O 
I/O 


TRANSMIT/RECEIVE CLOCKS: These pins can be programmed in 
several different modes of operation. TRxC may supply the receive 
clock or the transmit clock in the input mode or supply the output of the 
Digital Phase Locked Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output mode. 


TxDa 
TxDb 


15 
25 


16 
29 


0 
0 


TRANSMIT DATA: These output signals transmit serial data at 
standard TTL levels 


DTRa/REQa 
DTRb/REQb 


16 
24 


19 
27 


0 
0 


DATA TERMINAL READY/REQUEST: These outputs follow the state 
programmed into the DTR bit. They can also be used as general 
purpose outputs or as Request lines for a DMA controller. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin No. 


Type 


Name and Function 


DIP 


PLCC 


RTSa 
RTSb 


17 
23 


20 
26 


0 
0 


REQUEST TO SEND: When the Request to Send (RTS) bit in 
Write Register 5 is set (Figure 10), the RTS signal goes Low. When 
the RTS bit is reset in the Asynchronous mode and Auto Enable is 
on, the signal goes High after the transmitter is empty. In 
Synchronous mode or in Asynchronous mode with Auto Enable 
off, the RTS pin strictly follows the state of the RTS bit. Both pins 
can be used as general-purpose outputs. 


CTSa 
STSb 


18 
22 


21 
25 




CLEAR TO SEND: If these pins are programmed as Auto Enables, 
a Low on the inputs enables the respective transmitters. If not 
programmed as Auto Enables, they may be used as general- 
purpose inputs. Both inputs are Schmitt-trigger buffered to 
accommodate slow rise-time inputs. The SCO detects pulses on 
these inputs and can interrupt the CPU on both logic level 
transitions. 


SDa 
CDd 


19 
21 


22 
24 


[ 


CARRIER DETECT: These pins function as receiver enables If 
they are programmed for Auto Enables; otherwise they may be 
used as general-purpose input pins. Both pins are Schmitt-trigger 
buffered to accommodate slow rise time signals. The SCC detects 
pulses on these pins and can Interrupt the CPU on both logic level 
transitions. 


CLK 


20 


23 




CLOCK: This is the system SCC clock used to synchronize internal 
signals. 


GND 


31 


35 




GROUND 


D/C 


32 


37 




DATA/COI\/ll\/IAND SELECT: This signal defines the type of 
information transferred to or from the SCC. A High means data is 
transferred; a Low Indicates a command. 


CS 


33 


38 




CHIP SELECT: This signal selects the SCC for a read or write 
operation. 


A/B 


OA 


39 


1 


CHANNEL A/CHANNEL B SELECT: This signal selects the 
channel in which the read or write operation occurs. 


Wr 


35 


40 




WRITE: When the SCC is selected this signal indicates a write 
operation. The coincidence of RD and WR is interpreted as a 
reset. 


RD 


36 


41 




READ: This signal indicates a read operation and when the SCC is 
selected, enables the SCC's bus drivers. During the Interrupt 
Acknowledge cycle, this signal gates the interrupt vector onto the 
bus if the SCC is the highest priority device requesting an interrupt. 
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GENERAL DESCRIPTION 

The Intel 82350 Serial Communications Controller 
(SCC) is a dual-channel, multi-protocol data commu- 
nications peripheral. The SCC functions as a serial- 
to-parallel, parallel-to-serial converter/controller. 
The SCC can be software-configured to satisfy a 
wide range of serial communications applications. 
The device contains sophisticated internal functions 
including on-chip baud rate generators, digital phase 
locked loops, various data encoding and decoding 
schemes, and crystal oscillators that reduce the 
need for external logic. 

In addition, diagnostic capabilities — automatic echo 
and local loopback— allow the user to detect and 
isolate a failure in the network. They greatly improve 
the reliability and fault isolation of the system. 

The SCC handles Asynchronous formats. Synchro- 
nous byte-oriented protocols such as IBM Bisync, 
and Synchronous bit-oriented protocols such as 
HDLC and IBM SDLC. This versatile device supports 
virtually any serial data transfer application (Termi- 
nal, Personal Computer, Peripherals, Industrial Con- 
troller, Telecommunication sytem, etc.). 

The 82530 can generate and check CRC codes in 
any Synchronous mode and can be programmed to 
check data integrity in various modes. The SCC also 
has facilities for modem control in both channels. In 
applications where these controls are not needed, 
the modem control can be used for general purpose 
I/O. 

The Intel 82530 is designed to support Intel's 
MCS51/96, iAPX 86/88 and iAPX 186/188 families. 



ARCHITECTURE 

The 82530 internal structure includes two full-duplex 
channels, two baud rate generators, internal control 
and interrupt logic, and a bus interface to a non-mul- 
tiplexed CPU bus. Associated with each channel are 
a number of read and write registers for mode con- 
trol and status information, as well as logic neces- 
sary to interface modems or other external devices. 

The logic for both channels provides formats, syn- 
chronization, and validation for data transferred to 
and from the channel interface. The modem control 



inputs are monitored by the control logic under pro- 
gram control. All of the modem control signals are 
general-purpose in nature and can optionally be 
used for functions other than modem control. 

The register set for each channel includes ten con- 
trol (write) registers, two synchronous character 
(write) registers, and four status (read) registers. In 
addition, each baud rate generator has two (read/ 
write) registers for holding the time constant that de- 
termines the baud rate. Finally, associated with the 
interrupt logic is a write register for the interrupt vec- 
tor accessible through either channel, a write^only 
Master Interrupt Control register and three read reg- 
isters; one containing the vector with status informa- 
tion (Channel B only), one containing the vector 
without status (A only), and one containing the Inter- 
rupt Pending bits (A only). 

The registers for each channel are designated as 
follows: 

WRO-WR 15— Write Registers 0 through 15. 

RR0-RR3, RR10, RR12, RR13, RR15~-Read Reg- 
isters 0 through 3, 10, 12, 13, 15. 

Table 2 lists the functions assigned to each read or 
write register. The SCC contains only one WR2 and 
WR9, but they can be accessed by either channel. 
All other registers are paired (one for each channel). 



DATA PATH 

The transmit and receive data path illustrated in Fig- 
ure 3 is Identical for both channels. The receiver has 
three 8-bit buffer registers in a FIFO arrangement, in 
addition to the 8-bit receive shift register. This 
scheme creates additional time for the CPU to serv- 
ice an interrupt at the beginning of a block of high- 
speed data. Incoming data is routed through one of 
several paths (data or CRC) depending on the se- 
lected mode (the character length in asynchronous 
modes also determines the data path). 

The transmitter has an 8-bit transmit data buffer reg- 
ister loaded from the internal data bus and a 20-bit 
transmit shift register that can be loaded either from 
the sync-character registers or from the transmit 
data register. Depending on the operational mode, 
outgoing data is routed through one of four main 
paths before it is transmitted from the Transmit Data 
output (TxD). 
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Table 2. Read and Write Register Functions 



READ REGi$TER FUNCTiONS 

RRO Transmit/ Receive buffer status and Exter- 
nal status 

RR1 Special Receive Condition status 

RR2 Modified interrupt vector 
(Channel B only) 

Unmodified interrupt 
(Channel A only) 

RR3 Interrupt Pending bits 

(Channel A only) 

RR8 Receive buffer 

RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time 
constant 

RR13 Upper byte of baud rate generator time 
constant 

RR15 External/Status interrupt information 



WRiTE REQiSTER FUNCTiONS 

WRO CRC initialize, initialization commands for 
the various modes, shift right/shift left 
command 

WR1 Transmit/ Receive interrupt and data 
transfer mode definition 

WR2 Interrupt vector (accessed through either 
channel) 

WR3 Receive parameters and control 

WR4 Transmit/ Receive miscellaneous parame- 
ters and modes 

WR5 Transmit parameters and controls 

WR6 Sync characters or SDLC address field 

WR7 Sync character or SDLC flag 

WR8 Transmit buffer 

WR9 Master interrupt control and reset (ac- 
cessed through either channel) 

WR10 Miscellaneous transmitter/ receiver control 
bits 

WR1 1 Clock Mode control 

WR12 Lower Byte of baud rate generator time 
constant 

WR13 Upper Byte of baud rate generator time 
constant 

WR14 Miscellaneous control bits 

WR15 External/Status interrupt control 
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FUNCTIONAL DESCRIPTION 

The functional capabilities of the SCC can be de- 
scribed from two different points of view: as a data 
communications device, it transmits and receives 
data in a wide variety of data communications proto- 
cols; as a microprocessor peripheral, it interacts with 
the CPU and provides vectored interrupts and hand- 
shaking signals. 



DATA COMMUNICATIONS 
CAPABILITIES 

The SCC provides two independent full-duplex 
channels programmable for use in any common 
asynchronous or synchronous data-communications 
protocol. Figure 4 and the following description brief- 
ly detail these protocols. 



Asynchronous Modes 

Transmission and reception can be accomplished 
independently on each channel with five to eight bits 
per character, plus optional even or odd parity. The 
transmitter can supply one, one-and-a-half or two 
stop bits per character and can provide a break out- 
put at any time. The receiver break-detection logic 



interrupts the CPU both at the start and at the end of 
a received break. Reception is protected from 
spikes by a transient spike-rejection mechanism that 
checks the signal one-half a bit time after a Low 
level is detected on the receive data input (RxDa or 
RxDb). If the Low does not persist (as in the case of 
a transient), the character assembly process does 
not start. 

Framing errors and overrun errors are detected and 
buffered together with the partial character on which 
they occur. Vectored Interrupts allow fast servicing 
of error conditions using dedicated routines. Further- 
more, a built-in checking process avoids the inter- 
pretation of a framing error as a new start bit: a fram- 
ing error results in the addition of one-half a bit time 
to the point at which the search for the next start bit 
begins. 

The see does not require symmetric transmit and 
receive clock signals — a feature allowing use of the 
wide variety of clock sources. The transmitter and 
receiver can handle data at a rate of 1, Vie, Vzz or 
of the clock rate supplied to the receive and 
transmit clock inputs. In the asynchronous modes, a 
data rate equal to the clock rate, 1x mode, requires 
ext ernal s ynchronization. In asynchronous modes, 
the SYNC pin may be programmed as an input used 
for functions such as monitoring a ring indicator. 
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Figure 4. SCC Protocols 
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Synchronous Modes 

The sec supports both byte-oriented and bit-orient- 
ed synchronous communication. Synchronous-byte- 
oriented protocols can be handled in several modes 
allowing character synchronization with a 6-bit or 
8-bit synchronous character (Monosync), any 1 2-bit 
or 16-bit synchronous pattern (Bisync), or with an 
external synchronous signal. Leading synchronous 
characters can be removed without interrupting the 
CPU. 

5- or 7-bit synchronous characters are detected with 
8- or 16-bit patterns in the SCC by overlapping the 
larger pattern across multiple incoming synchronous 
characters as shown in Figure 5. 

CRC checking for Synchronous byte-oriented mode 
is delayed by one character time so that the CPU 
may disable CRC checking on specific characters. 
This permits the implementation of protocols such 
as IBM Bisync. 

Both CRC-16 (X16 + X15 + + 1) and CCITT 
(X16 + X12 + X5 -I- 1) error checking polynomials 
are supported. Either polynomial may be selected in 
all synchronous modes. Users may preset the CRC 
generator and checker to all Is or all Os. The SCC 
also provides a feature that automatically transmits 
CRC data when no other data is available for trans- 
mission. This allows for high-speed transmissions 
under DMA control, with no need for CPU interven- 
tion at the end of a message. When there is no data 
or CRC to send in synchronous modes, the transmit- 
ter inserts 6-, 8-, or 1 6-bit synchronous characters, 
regardless of the programmed character length. 

The SCC supports synchronous bit-oriented proto- 
cols, such as SDLC and HDLC, by performing auto- 
matic flag sending, zero insertion, and CRC genera- 
tion. A special command can be used to abort a 
frame in transmission. At the end of a message, the 
SCC automatically transmits the CRC and trailing 
flag when the transmitter underruns. The transmitter 
may also be programmed to send an idle line con- 



sisting of continuous flag characters or a steady 
marking condition. 

If a transmit underrun occurs in the middle of a mes- 
sage, an external status interrupt warns the CPU of 
this status change so that an abort may be issued. 
The SCC may also be programmed to send an abort 
itself in case of an underrun, relieving the CPU of 
this task. One to eight bits per character can be sent 
allowing reception of a message with no prior infor- 
mation about the character structure in the informa- 
tion field of a frame. 

The receiver automatically acquires synchronization 
on the leading flag of a frame in SDLC or HDLC 
mode and provides a synchronization signal on the 
SYNC pin (an Interrupt can also be programmed). 
The receiver can be programmed to search for 
frames addressed by a single byte (or four bits within 
a byte) of a user-selected address or to a global 
broadcast address. In this mode, frames not match- 
ing either the user-selected or broadcast address 
are ignored. The number of address bytes can be 
extended under software control. For receiving data, 
an interrupt on the first received character, or an 
interrupt on every character, or on special condition 
only (end-of-frame) can be selected. The receiver 
automatically deletes all Os inserted by the transmit- 
ter during character assembly. CRC is also calculat- 
ed and is automatically checked to validate frame 
transmission. At the end of transmission, the status 
of a received frame is available in the status regis- 
ters. In SDLC mode, the SCC must be programmed 
to use the SDLC CRC polynomial, but the generator 
and checker may be preset to all 1 s or all Os. The CRC 
is inverted before transmission and the receiver 
checks against the bit pattern 0001 1 1 01 00001 111. 

NRZ, NRZI or FM coding may be used in any IX 
mode. The parity options available in asynchronous 
modes are available in synchronous modes. 

The SCC can be conveniently used under DMA con- 
trol to provide high-speed reception or transmission. 
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Figure 5. Detecting 5- or 7-Bit Synchronous Characters 
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In reception, for example, the SCC can interrupt the 
CPU when the first character of a message is re- 
ceived. The CPU then enables the DMA to transfer 
the message to memory. The SCC then issues an 
end-of-frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU is 
freed for other service while the message is being 
received. The CPU may also enable the DMA first 
and have the SCC interrupt only on end-of-frame. 
This procedure allows all data to be transferred via 
DMA. 



SDLC LOOP MODE 

The SCC supports SDLC Loop mode in addition to 
normal SDLC. In a loop topology, there is a primary 
controller station that manages the message traffic 
flow and any number of secondary stations. In Loop 
mode, the SCC performs the functions of a second- 
ary station while an SCC operating in regular SDLC 
mode can act as a controller (Figure 6). 
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Figure 6. An SDLC Loop 



A secondary station in an SDLC Loop is always lis- 
tening to the messages being sent around the loop, 
and in fact must pass these messages to the rest of 
the loop by retransmitting them with a one-bit-time 
delay. The secondary station can place its own mes- 
sage on the loop only at specific times. The control- 
ler signals that secondary stations may transmit 
messages by sending a special character, called an 
EOP (End of Poll), around the loop. The EOP char- 
acter is the bit pattern 11111110. Because of zero 



insertion during messages, this bit pattern is unique 
and easily recognized. 

When a secondary station has a message to trans- 
mit and recognizes an EOP on the line, it changes 
the last binary one of the EOP to a zero before 
transmission. This has the effect of turning the EOP 
into a flag sequence. The secondary station now 
places its message on the loop and terminates the 
message with an EOP. Any secondary stations fur- 
ther down the loop with messages to transmit can 
then append their messages to the message of the 
first secondary station by the same process. Any 
secondary stations without messages to send mere- 
ly echo the incoming messages and are prohibited 
from placing messages on the loop (except upon 
recognizing an EOP). 

SDLC Loop mode is a programmable option in the 
SCC. NRZ, NRZI, and FM coding may all be used in 
SDLC Loop mode. 



BAUD RATE GENERATORS 

Each channel in the SCC contains a programmable 
Baud rate generator. Each generator consists of two 
8-bit time constant registers that form a 16-bit time 
constant, a 16-bit down counter, and a flip-flop on 
the output producing a square wave. On startup, the 
flip-flop on the output is set in a High state, the value 
in the time constant register is loaded into the coun- 
ter, and the counter starts counting down. The out- 
put of the baud rate generator toggles upon reach- 
ing zero, the value in the time constant register is 
loaded into the counter, and the process is repeat- 
ed. The time constant may be changed at any time, 
but the new value does not take effect until the next 
load of the counter. 

The output of the baud rate generator may be used 
as either the transmit clock, the receive clock, or 
both. It can also drive the digital phase-locked loop 
(see next section). 

If the receive clock or tra nsmit clock is not pro- 
grammed to come from the TRxC pin, the output of 
the ba ud rate generator may be echoed out via the 
TRxC pin. 

The following formula relates the time constant to 
the baud rate. (The baud rate Is in bits/second, the 
BR clock frequency is in Hz, and clock mode is 1 , 
16, 32, or 64.) 

time _ BR ciock frequency ^ 
constant ~ 2 x baud rate x clock mode 
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Table 3. Time Constant Values for Standard In NRZ encoding, a 1 is represented by a High level 

Baud Rates at BR Clock = 3.9936 MHz and a 0 is represented by a Low level. In NRZI en- 



Rate 
(BAUD) 


Time Constant 
(decimal notation) 
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6654 
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134.5 


14844 


0.0007% 
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18151 


0.0015% 


75 


26622 




50 


39934 





coding, as 1 is represented by no change in level 
and a 0 is represented by a change in level. In FM-i 
(more properly, bi-phase mark) a transition occurs at 
the beginning of every bit cell. A 1 is represented by 
an additional transition at the center of the bit cell 
and a 0 is represented by no additional transition at 
the center of the bit cell. In FMq (bi-phase space), a 
transition occurs at the beginning of every bit cell. A 
0 is represented by an additional transition at the 
center of the bit cell, and a 1 is represented by no 
additional transition at the center of the bit cell. In 
addition to these four methods, the SCC can be 
used to decode Manchester (bi-phase level) data by 
using the DPLL in the FM mode and programming 
the receiver for NRZ data. Manchester encoding al- 
ways produces a transition at the center of the bit 
cell. If the transition is 0/1 the bit is a 0. If the tran- 



sition is 1 /O the bit is a 1 . 



DIGITAL PHASE LOCKED LOOP 

The SCC contains a digital phase locked-loop 
(DPLL) to recover clock information from a data- 
stream with NRZI or FM encoding. The DPLL is driv- 
en by a clock that is nominally 32 (NRZI) or 16 (FM) 
times the data rate. The DPLL uses this clock, along 
with the datastream, to construct a clock for the 
data. This clock may then be used as the SCC re- 
ceive clock, the transmit clock, or both. 

For NRZI coding, the DPLL counts the 32X clock to 
create nominal bit times. As the 32X clock is count- 
ed, the DPLL is searching the incoming datastream 
for edges (either 1/0 or 0/1). Whenever an edge is 
detected, the DPLL makes a count adjustment (dur- 
ing the next counting cycle), producing a terminal 
count closer to the center of the bit cell. 

For FM encoding, the DPLL still counts from 1 to 31, 
but with a cycle corresponding to two bit times. 
When the DPLL is locked, the clock edges in the 
datastream should occur between counts 1 5 and 1 6 
and between counts 31 and 0. The DPLL looks for 
edges only during a time centered on the ^s/ie 
counting transition. 

The 32X clock for th e DPL L can be programmed to 
come from either the RTxC input or the output of the 
baud rate generator. The DPLL output may b e pro- 
grammed to be echoed out of the SCC via the TRxC 
pin (if this pin is not being used as an input). 



DATA ENCODING 

The SCC may be programmed to encode and de- 
code the serial data in four different ways (Figure 7). 



AUTO ECHO AND LOCAL LOOPBACK 

The SCC is capable of automatically echoing every- 
thing it receives. This feature is useful mainly in 
asynchronous modes, but works in synchronous and 
SDLC modes as well. In Auto Echo mode TxD is 
RxD. Auto Echo mode can be used with NRZI or FM 
encoding with no additional delay, because the data- 
stream is not decode d bef ore retransmission. In 
Auto Echo mode, the CTS input is ignored as a 
transmitter enable (although transitions on this input 
can still cause interrupts if programmed to do so). In 
this mode, the transmitter is actually bypassed and 
the programmer is responsible for disa bling transmit- 
ter interrupts and READY/REQUEST on transmit. 

The SCC is also capable of local loopback. In this 
mode, TxD is RxD just as in Auto Echo mode. How- 
ever, in Local Loopback mode, the internal transmit 
data is tied to the internal receive data an d Rx D is 
ignored (except to be echoed out via TxD). CTS and 
CD inputs are also ignored as transmit and receive 
enables. However, transitions on these inputs can 
still cause interrupts. Local Loopback works in asyn- 
chronous, synchronous and SDLC modes with NRZ, 
NRZI or FM coding of the data stream. 



SERIAL BIT RATE 

To run the 82530 (4 MHz/6 MHz) at 1 /1 .5 Mbps the 
receive and transmit clocks must be externally gen- 
erated and s ynchro nize d to the system clock. If the 
serial clocks (RTxC and TRxC) and the system clock 
(CLK) are asynchronous, the maximum bit rate is 
880 Kbps/1.3 Mbps. For self-clocked operation, i.e 
using the on chip DPLL, the maximum bit rate is 
125/187 Kbps if NRZI coding is used and 250/375 
Kbps if FM coding is used. 
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DATA 
NRZ 



FMi 

(BIPHASE MARK) 



FMo 

(BIPHASE SPACE) 



MANCHESTER 



I 



BIT CELL LEVEL: 



HIGH = 1 
LOW = 0 



NO CHANGE = 1 
CHANGE = 0 



BIT CENTER TRANSITION: 

TRANSITION = 1 
NO TRANSITION = 0 



NO TRANSITION = 1 
TRANSITION = 0 



HIGH -►LOW = 1 
LOW -♦HIGH = 0 
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Figure 7. Data Encoding i\/lethods 
Tabie 4. iVIaximum Bit Rates 



Mode 


System 
Clocic 


System Ciocl(/ 
Serial Cloci( 


Serial Bit Rate 


Conditions 


Serial clocks 


4 MHz 


4 


1 Mbps 


Serial clocks synchronized with system 


generated 








clock. Refer to parameter #3 and 10 in 


externally 








general timings. 




6 MHz 


4 


1.5 Mbps 


Serial clocks synchronized with system 
clock. Refer to parameter #3 and #10 
in general timings. 




4 MHz 


4.5 


880 Kbps 


Serial clocks and system clock 
asynchronous. 




6 MHz 


4.5 


1.3 Mbps 


Serial clocks and system clock 
asynchronous 


Self-clocked 










operation 










NRZI 


4 MHz 


32 


125 Kbps 






6 MHz 


32 


187 Kbps 




FM 


4 MHz 


16 


250 Kbps 






6 MHz 


16 


375 Kbps 




ASYNC 


4 MHz 


16 


62.5 Kbps 






6 MHz 


16 


93.75 Kbps 





I/O INTERFACE CAPABILITIES 

The sec offers the choice of Polling, Interrupt (vec- 
tored or nonvectored) and Block Transfer rtiodes to 
transfer data, status, and control information to and 
from the CPU. The Block Transfer mode can be im- 
plemented under CPU or DMA control. 



POLLING 

All interrupts are disabled. Three status registers in 
the sec are automatically updated whenever any 



function is performed. For example, end-of-frame in 
SDLC mode sets a bit in one of these status regis- 
ters. The idea behind polling is for the CPU to peri- 
odically read a status register until the register con- 
tents indicate the need for data to be transferred. 
Only one register needs to be read; depending on its 
contents, the CPU either writes data, reads data, or 
continues. Two bits in the register indicate the need 
for data transfer. An alternative is a poll of the Inter- 
rupt Pending register to determine the source of an 
interrupt. The status for both channels resides in 
one register. 
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INTERRUPTS 

When a SCC responds to an Interrupt Acknowledge 
signal (INTA) from the CPU, an interrupt vector may 
be placed on the data bus. This vector is written in 
WR2 and may be read in RR2A or RR2B (Figures 9 
and 10). 

To speed interrupt response time, the SCC can 
modify three bits in this vector to indicate status. If 
the vector is read in Channel A, status is never in- 
cluded; if it is read in Channel B, status is always 
included. 

Each of the six sources of Interrupts in the SCC 
(Transmit, Receive and External /Status interrupts In 
both channels) has three bits associated with the 
interrupt source: Interrupt Pending (IP), Interrupt Un- 
der Service (lUS), and Interrupt Enable (IE). Opera- 
tion of the IE bits is straightfonvard. If the IE bit is set 
for a given interrupt source, then that source can 
request interrupts. The exception is when the MIE 
(Master Interrupt Enable) bit in WR9 is reset and no 
interrupts may be requested. The IE bits are write- 
only. 

The other two bits are related to the interrupt priority 
chain (Figure 8). As a peripheral, the SCC may re- 
quest an interrupt only when no higher-priority de- 
vice is requesting one, e.g., when lEI is High. If the 
device in question requests an interru pt, it pulls 
down INT. The CPU then responds with INTA, and 
the interrupting device places the vector on the data 
bus. 

In the SCC, the IP bit signals a need for interrupt 
servicing. When an IP bit is 1 and the lEI input is 
High, the INT output is pulled Low, requesting an 
interrupt. In the SCC, if the IE bit is not set by en- 
abling interrupts, then the IP for that source can nev- 
er be set. The IP bits are readable in RR3A. 



The lUS bits signal that an interrupt request is being 
serviced. If an I US is set, all interrupt sources of low- 
er priority in the SCC and external to the SCC are 
prevented from requesting interrupts. The internal 
interrupt sources are inhibited by the state of the 
internal daisy chain, while lower priority devices are 
inhibited by the lEO output of the SCC being pulled 
Low and propagated to subsequent peripherals. An 
I US bit is set during an Interrupt Acknowledge cycle 
if there are no higher priority devices requesting in- 
terrupts. 

There are three types of interrupts: Transmit, Re- 
ceive and External/Status interrupts. Each interrupt 
type is enabled under program control with Channel 
A having higher priority than Channel B, and with 
Receiver, Transmit and External/Status interrupts 
prioritized in that order within each channel. When 
the Transmit interrupt is enabled, the CPU is inter- 
rupted when the transmit buffer becomes empty. 
(This implies that the transmitter must have had a 
data character written into it so that it can become 
empty.) When enabled, the receiver can interrupt the 
CPU in one of three ways: 

• Interrupt on First Receive Character or Special 
Receive condition. 

• Interrupt on all Receive Characters or Special 
Receive condition. 

• Interrupt on Special Receive condition only. 

Interrupt-on-First-Character or Special-Condition 
and Interrupt-on-Special-Condition-Only are typically 
used with the Block Transfer mode. A Special-Re- 
ceive-Condition is one of the following: receiver 
overrun, framing error in Asynchronous mode, End- 
of-Frame in SDLC mode and, optionally, a parity 
error. The Special-Receive-Condition interrupt is dif- 
ferent from an ordinary receive character available 
interrupt only in the status placed in the vector 



DB0-DB7 

mf 



SCC 

HIGHEST PRIORITY 



lEI DB0-DB7 INT INTA lEO 



SCC 



lEI DB0-DB7 INT WTA IEO 



SCC 

LOWEST PRIORITY 



lEl DB0-DB7 INT INTA 
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Figure 8. Daisy Chaining SCO's 
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during the Interrupt-Acknowledge cycle. In Interrupt 
on First Receive Character, an interrupt can occur 
from Special Receive conditions any time after the 
first receive character interrupt. 

The main function of the External/Sta tus in terrupt is 
to mon itor the signal transitions of the CTS, CD, and 
SYNC pins; however, an External /Status interrupt Is 
also caused by a Transmit Underrun condition, or a 
zero count in the baud rate generator, or by the de- 
tection of a Break (asynchronous mode). Abort 
(SDLC mode) or EOP (SDLC Loop mode) sequence 
in the data stream. The interrupt caused by the 
Abort or EOP has a special feature allowing the SCC 
to interrupt when the Abort or EOP sequence is de- 
tected or terminated. This feature facilitates the 
proper termination of the current message, correct 
initialization of the next message, and the accurate 
timing of the Abort condition in external logic in 
SDLC mode. In SDLC Loop mode this feature allows 
secondary stations to recognize the wishes of the 
primary station to regain control of the loop during a 
poll sequence. 



CPU/DMA BLOCK TRANSFER 

The SCC provides a Block Transfer mode to accom- 
modate CPU block transfer functions and DMA con - 
trollers. Th e Block Transfer mode uses the READY / 
REQUEST output in conju nction w it h the REA DY/ 
REQUEST bits in WR1 . The READY/REQUEST out- 
put can be defined under software control as a 
READY line in the CPU Block Transfer mode (WR1; 



D6 = 0) or as a request line in the DMA Block 
Transfer mode (WR 1; D6 = 1). To a DMA controller, 
the SCC REQUEST output indicates that the SCC is 
ready to t ransfer data to or from memory. To the 
CPU, The READY line indicates that the SCC is not 
ready to transfer data, thereb y requesting that the 
CPU extend the I/O cycle. The DTR/REQUEST line 
allows full-duplex operation under DMA control. 



PROGRAMMING 

Each channel has fifteen Write registers that are in- 
dividually programmed from the system bus to con- 
figure the functional personality of each channel. 
Each channel also has eight Read registers from 
which the system can read Status, Baud rate, or In- 
terrupt information. 

Only the four data registers (Read, Write for chan- 
nels A and B) are directly selected by a High on the 
D/C input and the appropriate levels on the RD, WR 
and A/B pins. All other registers are addressed indi- 
rectly by the content of Write Register 0 in conjunc- 
tion with a Low on the D/C input and the appropriate 
levels on the RD, WR and A/B pins. If bit 3 in WWO 
is 1 and bits 4 and 5 are 0 then bits 0, 1 , 2 address 
the higher registers 8 through 1 5. If bits 3, 4, 5 con- 
tain a different code, bits 0, 1 , 2 address the lower 
registers 0 through 7 as shown on Table 5. 

Writing to or reading from any register except RRO, 
WRO and the Data Registers thus involves two oper- 
ations. 



Table 5. Register Addressing 



D/C "Point High" 
Code in WRO 


D2 D1 
in WRO 


DO 


Write 
Register 


Read 
Register 


High 


Either Way 


X 


X 


X 


Data 


Data 


Low 


Not True 


0 


0 


0 


0 


0 


Low 


Not True 


0 


0 


1 


1 


1 


Low 


Not True 


0 


1 


0 


2 


. 2 


Low 


Not True 


0 


1 


1 


3 


3 


Low 


Not True 


1 


0 


0 


4 


(0) 


Low 


Not True 


1 


0 


1 


5 


(1) 


Low 


Not True 


1 


1 


0 


6 


(2) 


Low 


Not True 


1 


1 


1 


7 


(3) 


Low 


True 


0 


0 


0 


Data 


Data 


Low 


True 


0 


0 


1 


9 




Low 


True 


0 


1 


0 


10 


10 


Low 


True 


0 


1 


1 


11 


(15) 


Low 


True 


1 


0 


0 


12 


12 


Low 


True 


1 


0 


1 


13 


13 


Low 


True 


1 


1 


0 


14 


(10) 


Low 


True 


1 


1 


1 


15 


15 
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First write the appropriate code into WRO, then fol- 
low this by a write or read operation on the register 
thus specified. Bits 0 through 4 in WWO are automat- 
ically cleared after this operation, so that WWO then 
points to WRO or RRO again. 

Channel A/Channel B selection is made by the A/B 
input (High = A, Low = B) 

The system program first issues a series of com- 
mands to initialize the basic mode of operation. This 
is followed by other commands to qualify conditions 
within the selected mode. For example, the Asyn- 
chronous mode, character length, clock rate, num- 
ber of stop bits, even or odd parity might be set first. 
Then the interrupt mode would be set, and finally, 
receiver or transmitter enable. 



READ REGISTERS 

The sec contains eight read registers (actually nine, 
counting the receive buffer (RR8) in each channel). 
Four of these may be read to obtain status informa- 
tion (RRO, RR1, RR10, and RR15). Two registers 



(RR12 and RR13) may be read to determine the 
baud rate generator time constant. RR2 contains ei- 
ther the unmodified interrupt vector (Channel A) or 
the vector modified by status information (Channel 
B). RR3 contains the Interrupt Pending (IP) bits 
(Channel A). Figure 9 shows the formats for each 
read register. 

The status bits of RRO and RR1 are carefully 
grouped to simplify status monitoring: e.g. when the 
interrupt vector indicates a Special Receive Condi- 
tion interrupt, all the appropriate error bits can be 
read from a single register (RR1). 



WRITE REGISTERS 

The sec contains 15 write registers (16 counting 
WR8, the transmit buffer) in each channel. These 
write registers are programmed separately to config- 
ure the functional "personality" of the channels. In 
addition, there are two registers (WR2 and WR9) 
shared by the two channels that may be accessed 
through either of them. WR2 contains the interrupt 
vector for both channels, while WR9 contains the 
interrupt control bits. Figure 10 shows the format of 
each write register. 



0% Of 



Di 



Rx CHARACTER AVAILABLE 
ZERO COUNT 
. Tx BUFFER EMPTY 
. CD 

. 8VNC/HUNT 

- CT8 

- Tx UNDERRUN/EOM 

- BREAK/ABORT 



READ REOIBTER 1 



Or 


0| 


Ds 


04 


Da 


02 


Di 


Oo 



ALL SENT 
RESIDUE CODE 2 
RESIDUE CODE 1 

> RESIDUE CODE 0 

> PARITY ERROR 

• Rx OVERRUN ERROR 

- CRC/FRAMING ERROR 

• END OF FRAME (SOLC) 
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Figure 9. Read Register Bit Functions 
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READ REGISTER 2 



07 


0« 


0$ 


04 


bs 


02 


0| 


Do 



L 



vb 

Vi 

V3 \ INTERRUPT VECTOR* 



•MODIFIED IN B CHANNEL 



READ BEOISTER i 



07 


Ot 


Ds 


D4 


Da 


Da 


Di 


Do 



CHANNEL B EXT/STAT IP* 
-CHANNEL BTx IP* 

- CHANNEL BRx IP* 
-CHANNEL A EXT/STAT IP* 
-CHANNEL ATI IP* 
-CHANNEL A Rx IP* 

- 0 

- 0 

'ALWAYS 0 IN B CHANNEL 



READ REGISTER 10 





De 


Ds 


D4 


Da 


D2 


Di 


Do 



0 

ON LOOP 

0 

0 

LOOP SENDING 
0 

TWO CLOCKS MISSING 
ONE CLOCK MISSING 



230834-13 



Figure 9. Read Register Bit Functions (Continued) 
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READ REGISTER 12 



Dr 


D6 


Os 


O4 


Oj 


Da 


O1 


Do 



L 



TCo 
TCi 
TC2 I 

TC3 V LOWER BYTE OF 
TC4 / TIME CONSTANT 
TCsi 
TCe I 

TC; i 



READ REGISTER 13 



D7 


D| 


Os 


04 


O3 


02 


Di 


Do 



r 



TCs 
TC9 
TC10 I 
TC11 
TC12 j 

TCia] 

TC14 

TC15 



UPPER BYTE OF 
TIME CONSTANT 
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READ REGISTER IS 



07 


06 


0$ 


O4 


O3 


02 


Oi 


Do 



> ZERO COUNT IE 
0 

•CO IE 

> SYNC/HUNT IE 
• CTS IE 

- Tx UNOERRUN/EOM IE 

- BREAK/ABORT IE 



Figure 9. Read Register Bit Functions (Continued) 
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WRITE REGISTER 0 



07 




Ds 


D4 


Da 



0 


0 


0 


1 


1 


0 


1 


1 



Da 



Di 



Do 



1 


1 


1 




0 


0 


0 


Oor 


0 


0 


1 


lor 


0 


1 


0 


2 or 


0 


1 


1 


3 or 


1 


0 


0 


4 or 


1 


0 


1 


5 or 


1 


1 


0 


6 or 


1 


1 


1 


Tor 



REGISTER 



0 


0 


0 


NULL CODE 1 


0 


0 


1 


POINT HIGH REGISTER GROUP 


0 


1 


0 


RESET EXT/STATUS INTERRUPTS 




1 


1 


SEND ABORT 




0 


0 


ENABLE INT ON NEXT Rx CHARACTER 




0 


1 


RESET Tx INT PENDING 




1 


0 


ERROR RESET 




1 


1 


RESET HIGHEST lUS* 



XHANNEL-AONIY 



NULL CODE 

RESET Rx CRC CHECKER 
RESET Tx CRC GENERATOR 
RESET Tx UNOERRUN/EOM LATCH 
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WRITE REGISTER 1 



Or 


Of 


Ds 


04 


Da 


02 


Oi 


Do 



r 



EXT INT ENABLE 
Tx INT ENABLE 

'MRITY IS SPECIAL CONOITION 



0 


0 


0 


1 


1 


0 


1 


1 



Rx INT DISABLE 

RxINT ON FIRST CHARACTER OR SPECIAL CONOITION 
INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION 
Rx INT ON SPECIAL CONOITION ONLY 



-READY/DMA REQUEST ON RECEI VE^IANSMIT 
-READY/OMA REQUEST FUNCTION 
-REAOY/OMA REQUEST ENABU 



Figure 10. Write Register Bit Functions 
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WRITE REGISTER 2 



Dr 


De 


Ds 


O4 


Da 


02 


Di 


Do 



' INTERRUPT VECTOR 



WRITE REGISTER 9 



Or 


06 1 Os 


O4 


Oa 


02 


O1 


Do 



0 


0 


0 


1 


1 


0 


1 


1 



Rx 8 BITS/CHARACTER 
Rx 7 BITS/CHARACTER 
Rx 6 BITS/CHARACTER 
Rx 8 BITS/CHARACTER 



Rx ENABLE 

SYNC CHARACTER LOAD INHIBIT 
ADDRESS SEARCH MODE (SDLC) 
Rx CRC ENABUE 
ENTER HUNT MODE 
AUTO ENABLES 
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WRITE REQI8TCR 4 



0? 


Of 


Ds 


D4 


03 


Oa 


01 


Do 



[I 

I III 



RARITY ENABLE 
RARITY EVEN/ODD 

SYNC MOOES ENABLE 

1 STOP BIT/CHARACTER 
IV, STOP BITS/CHARACTER 

2 STOP BITS/CHARACTER 



0 


0 


0 


1 


1 


0 


1 


1 



8 BIT SYNC CHARACTER 
18 BIT SYNC CHARACTER 
SOLC MODE (01111110 FLAG) 
EXTERNAL SYNC MODE 



0 


0 


0 


1 


1 


0 


1 


1 



XI CLOCK MODE 
X18 CLOCK MODE 
X32 CLOCK MODE 
X84 CLOCK MODE 



Figure 10. Write Register Bit Functions (Continued) 
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WRITE REGISTER S 



0; 






D4 


O3 


O2 


O1 


Do 



0 


0 


0 


1 


1 


0 


1 


1 



r 



Tx CRC ENABLE 
RTS 

SBCS/CRC-ie 

Tx ENABLE 
SEND BREAK 



Tx 5 BITS (OR LES8)/CHARACTER 
Tx 7 BITS/CHARACTER 
Tx 6 BITS/CHARACTER 
Tx S BITS/CHARACTER 
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WRITE REGISTER 6 



D7 




08 


O4 


D3 


02 


Oi 


Do 



SYNC7 

8YNC1 

8YNC7 

8YNC3 

AOR7 

AOR7 



SYNCe 

SYNCo 

SYNCe 

SYNC2 

AORe 

ADRe 



SYNC5 

SYNCs 

SYNCs 

SYNCi 

AOR5 

ADRs 



SYNC4 

SYNC4 

SYNC4 

SYNCo 

AOR4 

AOR4 



r 1 



SYNC3 
SYNC3 
SYNC3 
1 

A0R3 

X 



SYNCs 
SYNC2 
SYNC2 
1 

AOR2 

X 



SYNCi 
SYNCi 
SYNCi 
1 

AOR1 



SYNCo 
SYNCo 
SYNCo 
1 

AORo 

X 



M0N0SYNC8BITS 
M0N0SYNC6BITS 
BISYNC 16 BITS 
BISYNC 12 BITS 
SDLC 

SOLO (ADDRESS RANGE) 



WRITE REGISTER 7 



07 


Oc 


Os 


D4 


O3 


O2 


Di 


Do 



r 1 



SYNC7 SYNCo 

SYNCs SYNC4 

SYNCis SYNC14 

SYNCi 1 SYNC10 

0 1 



SYNCs 
SYNC3 
SYNC13 
SYNCo 
1 



SYNC4 
SYNC2 
SYNC12 
SYNCs 
1 



SYNC3 
SYNCi 
SYNCi 1 
SYNC7 
1 



SYNC2 
SYNCo 
SYNC10 
SYNCs 
1 



SYNCi 
X 

SYNCo 
SYNCs 
1 



SYNCo 
X 

SYNCs 
SYNC4 
0 



MONOSYNC 8 BITS 
MONOSYNC 6 BITS 
BISYNC 16 BITS 
BISYNC 12 BITS 
SDLC 
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Figure 10. Write Register Bit Functions (Continued) 
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WRITE WEOISTER » 



Or 


«>• 1 0, 


04 


03 


Oa 


Oi 


Do 



NO RESET 
CHANNEL RESET B 
CHANNEL RESET A 
FORCE HARDWARE RESET 



VECTOR INCLUDE STATUS 
-NO VECTOR 
-DISABLE LOWER CHAIN 

- MASTER INTERRUPT ENABLE 

- STATUS HIQH/STATUSLOW 

- NON-VECTORED MODE* 
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•See 82530 Technical User's Manual for details of this mode. 
(Document # 230925-002 or -003) 



WRITE REGISTER 10 



0, 


06 


Os 


04 


03 


02 


O1 


Oo 



NRZ 
NRZI 

FM1 (TRANSMISSION 1) 
FMO (TRANSMISSION 0) 



SBIT/rSTTSYNC 
LOOP MODE 
. ABORT/POraON UNDERRUN 
- MARK/PDRS IDLE 
.00 ACTIVE ON POLL 



CRC PRESET 1/0 



WRITE REGISTER 11 



07 


0« 


D5 




03 


Da 


0, 


Do 



0 


0 


fRiCOUT 
fRiCOUT 
TRiCOUT 
TRiCoUT 


0 


1 


1 


0 


1 


1 




TRkCo/I 



TRANSMIT CLOCK ' RTiC PIN 

TRANSMIT CLOCK = fRiiC PIN 

TRANSMIT CLOCK ' BR GENERATOR OUTPUT 

TRANSMIT CLOCK ' OPLL OUTPUT 



RECEIVE CLOCK » RTiC PIN 

RECEIVE CLOCK = flllC PIN 

RECEIVE CLOCK > BR GENERATOR OUTPUT 

RECEIVE CLOCK « OPLL OUTPUT 



• fffiS XTAL/No %m 
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Figure 10. Write Register Bit Functions (Continued) 
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WRITE REGISTER 12 



07 


06 


O5 


O4 


0| 


03 


01 


Do 



TCo 
TCi 
TC2 
TCj 
TC4 
TCs 
TC» 
TCt 



LOWER BYTE OF 
TIME CONSTANT 



WniTC REGISTER 13 



Or 


Of 


Os 


O4 


03 


O2 


O1 


Oo 



UPPER BYTE OF 
TIME CONSTANT 
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WHITE REGISTER U 



HI 



D» j D4 I Oj I 02 I O1 j Oo 



GENERATOR ENABLE 
. BR GENERATOR SOURCE 

• STR REQUEST FUNCTION 
> AUTO ECHO 

• LOCAL LOOPBACK 



0 




0 


0 




1 


0 




0 


0 




1 


1 




0 


1 




1 


1 


1 


0 


1 


1 


1 



NULL COMMAND 
ENTER SEARCH MODE 
RESET MISSING CLOCK 
DISABLE DPLL 

SET SOURCE = BR GENERATOR 

SET SOURCE = RTTC 
SET FM MODE 
SET NRZI MODE 
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Figure 10. Write Register Bit Functions (Continued) 
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WRITE REQiSTEW 15 





Of 




O4 


03 


O2 


O1 


Do 



L, 



' ZERO COUNT IE 

• 0 

' CO IE 

' SYNC/HUNT IE 

- CTSIE 

- T« UNDERRUN/EOM IE 

- BREAK/AtORT IE 
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Figure 10. Write Register Bit Functions (Continued) 



82530 TIMING 



The sec generates internal control signals from WR 
and RD that are related to CLK. Since CLK has no 
phase relationship with WR and RD, the circuitry 
generating these internal control signals must pro- 
vide time for metastable conditions to disappear. 
This gives rise to a recovery time related to CLK. 
The recovery time applies only between bus trans- 
actions involving the SCC. The recovery time re- 
quired for proper operation is specified from the ris- 
ing edge of WR or RD in the first transaction in- 



volving the SCC to the falling edge of WR or RD in 
the second transaction involving the SCC. This time, 
Trec nfiust be at least 6 CLK cycles plus 1 30 ns, for 
the 82530-6. 



Read Cycle Timing 

Figure_11 illustrates Read cycle timi ng. A ddresses 
on A/B and D/C and the status on INTA must re- 
main stable throughout the cycle. If CS falls after WB 
falls or if It rises before RD rises, the effective RD is 
shortened. 



A/B. D/C 



X 



ADDRESS VALID 



X 



INTA 



C5 



z 



W5 



DB0-DB7 



\ 



X 



> 
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Figure 11. Read Cycle Timing 



2-173 



82530/82530-6 



Write Cycle Timing 

Flgure_12 illustrates Write cycle timi ng. A ddresses 
on A/B and D/C and the status on INTA must re- 
main stable throughout the c^^le. if CS falls after 
WR falls or if it rises before WR rises, the effective 
WR is shortened. 



Interrupt Aclcnowiedge Cycle Timing 

Figure 13 illustrates Inter rupt Acknowledge cycle 
timing. Between the time INTA goes Low and the 
falling edge of RD, the internal and external lEI/lEO 
daisy chains settle. If there is anjnterrupt pending in 
the sec and lEI is High when RD falls, the Acknowl- 
edge cycle is intended for the SCC. In this case, the 
sec may be programmed to respond to RD Low by 
placing its interrupt vector on D0-D7 and it then sets 
the appropriate Interrupt-Under-Service internally. 
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Figure 12. Write Cycle Timing 
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Figure 13. Interrupt Acl(nowledge Cycle Timing 
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ABSOLUTE MAXIMUM RATINGS'' 

Case Temperature 
Under Bias O^'Cto +70X 

Storage Temperature 

Ceramic Package - 65'C to + 1 50°C 

Plastic Package -40"C to + 125°C 

Voltage on Any Pin with 

Respect to Ground -0.5V to 4- 7.0V 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D-C, CHARACTERISTICS Tc = o^C to zo^C; Vcc = +5V ±5% 



Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 




V|H 


Input High Voltage 


+ 2.4 


Vcc +0.3 


V 




Vol 


Output Low Voltage 




+ 0.46 


V 


Iql = 2.0 mA 


VOH 


Output High Voltage 


+ 2.4 




V 


Iqh = -260 jitA 


i|L 


Input Leakage Current 




±10 


fxA 


0.4V to 2.4V 


lOL 


Output Leakage Current 




±10 


jbiA 


0.4V to 2.4V 


Ice 


Vcc Supply Current 




260 


mA 




CAPACITANCE Tc = 25*C; Vcc = C3ND = ov 


Symbol 


Parameter 


Min 


Max 


Units 


Test Conditions 




Input Capacitance 




10 


PF 


fc = 1 MHz 


COUT 


Output Capacitance 




15 


PF 


Unmeasured pins 
returned to GND 


C|/0 


Input/Output Capacitance 




20 


pF 
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A.C CHARACTERISTICS Tc = O'^cto +70°C; Vcc = +5V ±5% 



READ AND WRiTE TIMING 



Number 


Symbol 


Parameter 


82530 (4 MHz) 


82530-6 (6 MHz) 


Units 


min 


Max 


Min 


Max 


1 




ULI\ LOW 1 im© 


lOo 


2000 


7n 
/O 


^ nnn 
1U0U 


ns 


o 
c. 




oLrv nign i ime 


105 


2000 


70 


•4 nnn 
1000 


ns 


Q 

a 


u 


PI Poll Timo 

OLi\ rail 1 ime 




on 




i n 
lU 


ns 


A 


tr 

ir 


ULix niS6 1 ime 




on 




10 


ns 


C 

0 




oLi\ L/ycie 1 ime 




>innn 
4000 


IDO 


onnn 


ns 


D 


tA\A/ 


Maaress lo wri 4^ ^^eiup 1 ime 


oO 




n 
U 




ns 


7 


t\A/A 


Arirlraco trv \A/D 't^ Urklrl Timo 

Mouress 10 vvn | noiu 1 ime 


n 
U 




n 
U 




ns 


Q 

O 




Mouress 10 nu oeiup 1 ime 


oO 




n 
U 




ns 


Q 


tDA 


MOuress 10 nu | noiu 1 ime 


n 
0 




n 
U 




ns 


1 U 


tip 


IMTA trk PI k' Qatiin Tlmo 

iiNiMiOL»Li\ 1 oeiup lime 


5 




0 




ns 


1 1 


1-I\A/ 
llW 


iiN 1 M 10 wn oeiup 1 ime v'NOie i ) 


2U0 




cc 
00 




ns 


1 0 


t\A/l 
iWl 


IMTA tn \A/D 't^ Unlrl Timo 

iiMiAiowri 1 noiu lime 


n 
0 




n 
0 




ns 


lo 


Iln 


IMTA tn on 1 CAtiin Timn /Mntn i\ 

IIN 1 M 10 nu 4' oeiup 1 ime ^iNoie i j 


200 




00 




ns 


14 


inl 


IMTA tn nn 't' Uniri Timza 

iiNiMionu 1 noiu lime 


0 




0 




ns 


i C 
10 




IMTA tn PI 'f' UniH Tim^a 

IINIAtOULlV 1 noiu lime 


100 




100 




ns 


Id 


\A/ 


uo LOW 10 Wn 4< oeiup 1 ime 


0 




0 




ns 






Oo to Wn 1 nOIQ 1 ime 


0 




n 
0 




ns 


1 0 


Xonw 


T^^C Ulink tn \A/D 1 Cnti in Timn 

uo nign lo wn 4^ oeiup 1 ime 


lUU 




0 




ns 


1Q 


tn R 


PC 1 rwfj tr» Rn 1 Qoti in Time ^Mnt<a 1 ^ 
wo L-uw lu riLy 4' oeiup 1 line ^iNuie i / 


0 




0 




1 lO 


20 


tRCS 


CS to RD t Hold Time (Note 1 ) 


0 




0 




ns 


21 


tCHR 


CS High to RD i Setup Time (Note 1 ) 


100 




5 




ns 


22 


tRR 


RDLow Time (Note1) 


390 




150 




ns 


23 


Null 


Parameter Deleted 












24 


tRDI 


RD t to Data Not Valid Delay 


0 




0 




ns 


25 


tRDV 


RD i to Data Valid Delay 




250 




105 


ns 


26 


tDF 


RD t to Output Float Delay (Note 2) 




70 




45 


ns 



NOTES: 

1 . Parameter does not apply to Interrupt Acknowledge transactions. 

2. Float delay is defined as the time required for a + 0.5V change in the output with a maximum D.C. load and minimum A.C. 
load. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



OPEN DRAIN TEST LOAD 



> 



TEST POINTS 



230834-35 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1 " and 0.8V for a Logic "0". 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



I" 



Cl = 150 pF 

Cl Includes Jig Capacitance 



+ SV 




; 2.2K 


FROM OUTPUT ^ 




UNDER TEST ^ 




50pF I 






230834-42 



OB0-DB7 
READ • 



DB0-DB7 • 
WRITE 



READY/REQ 
READY 



READY/REQ . 
REQUEST 



DTR/REQ 
REQUEST . 




-(§)- 



ltd 



X 



r 



— © 



— ®- 



7^ 



-®- 
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Figure 14. Read and Write Timing 
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INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING 



Number 


Symbol 


Parameter 


82530 (4 MHz) 


82530-6 (6 MHz) 


Units 


Min 


Max 


Min 


Max 


27 


tAD 


Address Required Valid to Read Data 
Valid Delay 




590 




325 


ns 


28 


TWW 


WR Low Time 


390 




60 




ns 


29 


tDW 


Data to WR X Setup Time 


0 




0 




ns 


30 


tWD 


DatatoWRt Hold Time 


0 




0 




ns 


31 


tWRV 


WR 4. to Ready Valid Delay (Note 4) 




240 




200 


ns 


32 


tRRV 


RD i to Ready Valid Delay (Note 4) 




240 




200 


ns 


33 


tWRI 


WR I to READY/REQ Not Valid Delay 










ns 




tRRI 


RD 1 tn RFAnV/RFO Nnt X/allH nelflx/ 








onn 


nc 
1 lo 




tnwR 


WR 1^ tn DTR/RFO Nnt X/aliri nfilflv 
vvn 1 lu u 1 n/ n l_Vsx inui vaiiu uvsicLy 




5tCY 




5tCY 
■4- ofin 

1 c.O\J 


1 to 


36 


tDRD 


RD 1^ tn DTR/RFO Nnt Valiri Delav 




+ 300 




tPV 

+ 250 


nc 

1 id 


37 


tllD 


INTA to RD 4. (Acknowledge) Delay 
(Note 5) 


250 




250 




ns 


38 


tli 


RD (Acknowledge) Low Time 


286 




125 




ns 


39 


tIDV 


RD i (Acknowledge) to Read Data 
Valid Delay 




190 




100 


ns 


40 


tEl 


lEI to RD X (Acknowledge) Setup Time 


120 




100 




ns 


41 


tIE 


lEI to RD T (Acknowledge) Hold Time 


0 




0 




ns 


42 


tElEO 


lEI to lEO Delay Time 




120 




100 


ns 


43 


tCEQ 


CLK t to lEO Delay 




250 




250 


ns 


44 


tFill 


RD i to INT Inactive Delay (Note 4) 




500 




500 


ns 


45 


tRW 


RD t to WR i Delay for No Reset 


30 




15 




ns 


46 


tWR 


WR t to RD 4, Delay for No Reset 


30 




30 




ns 


47 


tRES 


WR and RD Coincident Low for Reset 


250 




250 




ns 


48 


tREC 


Valid Access Recovery Time 
(Note 3) 


6tGY 
+ 200 




6tCY 
+ 130 




ns 



NOTES: 

3. Parameter applies only between transactions involving the SCC. 

4. Open-drain output, measured with open-drain test load. 

5. Parameter is system dependent. For any SCC in the daisy chain, tllD must be greater than the sum of tCEQ for the 
highest priority device in the daisy chain, tEl for the SCC and tElEO for each device separating them in the daisy chain. 
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Figure 15. Interrupt Acknowledge Timing 




Figure 16. Reset Timing 
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Figure 17. Cycle Timing 
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GENERAL TIMING 



Number 


Symbol 


Parameter 


82530 (4 MHz) 


82530-6 (6 MHz) 


units 


Min 


max 


Min 


IVlaX 






RvP 't' tn PI k' "t" Qoti in Timo /Mntoc 1 A\ 

nxo 1 lu L/Lr\ 1 oeiup 1 ime \iN01e5 1 , 


100 




100 




ns 


2 


tRRC 


RxDtoRxCt Hold Time (X1 Mode) 

^IMOVe 1 } 


0 




0 




ns 


o 




nXL' 10 nxo 1 noiu 1 ime i iviou6; 
(Notel) 


150 




150 




ns 


A 
*+ 




(Notes 1,5) 


u 




n 
u 




nc 
1 10 


5 


tRCD 


RxD to RxC i Hold Time (XI Mode) 
(Notes 1,5) 


150 




150 




ns 


6 


tSRC 


SYNC to RxC T Setup Time (Note 1) 


-200 




-200 




ns 


7 


tRCS , 


SYNC toRxC T Hold Time (Note 1) 


3tCY 
+ 20d 




3tCY 
+ 200 




ns 


8 


tTCC 


TxC i to CLK t Setup Time (Notes 2, 4) 


100 




100 




ns 


9 


tTCT 


TxC 4. to TxD Delay (XI Mode) (Note 2) 




300 




300 


ns 


10 


tTCD 


TxC t to TxD Delay (XI Mode) 
(Notes 2, 5) 




300 




300 


ns 


1 1 


tTDT 


TxD to TRxC Delay (Send Clock Echo) 




200 




200 


ns 


12 


tDCH 


RTxC High Time 


180 




150 




ns 


13 


tDCL 


RTxC Low Time 


180 




150 




ns 


14 


tDCY 


RTxC Cycle Time 


4tCY 




4tCY 




ns 


15 


tCLCL 


Crystal Oscillator Period (Note 3) 


250 


1000 


165 


1000 


ns 


16 


tRCH 


TRxC High Time 


180 




150 




ns 


1 / 


tnUL 


1 Hxu LOW 1 ime 


180 




150 




ns 


18 


tRCY 


TRxC Cycle Time (Note 6) 


4tCY 




4tCY 




ns 


19 


tec 


CDorCTSPulseWidtJ^ 


200 




200 




ns 


20 


tss 


SYNC Pulse Width 


200 




200 




ns 


21 


tWRT 


WR to RTS Valid Delay 




6tCY 




6tCY 


ns 


22 


tWDT 


WR to DTR Valid Delay 




5tCY 




5tCY 


ns 



NOTES: 

1 . RxC is RTxC or TRxC , whichever is supplying the receive clock. 

2. TxC i s TRx C or RTxC. whichever is supplying the transmit clock. 

3. Both RTxC and SYNC have 30 pF capacitors to ground connected to them. 

4. Param eter applies only if the data rate is one-fourth the system clock (CLK) rate. In all other cases, no phase relationship 
between RxC and CLK or TxC and CLK is required. 

5. Parameter applies only to FM encoding/decoding. 

6. Only applies to transmitter and receiver. For DPLL and Baud Rate Generator Timings, the requirements are identical to 
system clock, CLK, specifications. 
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Figure 18. General Timing 
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1.0 INTRODUCTION 

The emergence of asynchronous communications as the 
most widely used protocol (it commands the largest in- 
stalled base of nodes, exceeding HDLC/SDLC, the sec- 
ond most popular protocol, by a factor of 10 to 1) for 
point to point serial links has led to the need for an 
asynchronous communications component with high 
integration to reduce component count and decrease 
the cost of a serial port. The trend towards higher data 
rates and multiple job, multiple user systems has under- 
scored the need for an intelligent serial controller to 
improve system throughput and decrease the CPU load 
normally associated with asynchronous serial commu- 
nications. 

The 82510 CMOS Asynchronous Serial Controller is 
designed to improve asynchronous communications 
throughput and reduce system cost by integrating func- 
tions and simplifying the system interface. Two inde- 
pendent FIFOs, and Control Character Recognition 
(CCR), provide data buffering and increase software 
efficiency. Two Baud Rate Generators/Timers, an On- 
Chip Crystal Oscillator and seven Programmable I/O 
pins provide a high degree of integration and reduce 
system component count. This application note will 
demonstrate the use of these features in an Asynchro- 
nous Communications Environment. 



1.1 Goal 

The goal of this application note is to demonstrate the 
use of the major 82510 features in an asynchronous 
communications environment and to depict basic hard- 
ware and software design techniques for the 82510. It 
will discuss interfaces using both polling and interrupt 
techniques, as well as the impact of FIFOs usitig either 
scheme. An application example covering the applica- 
tion of Error Free File Transfer is also provided. 



1.2 Scope 

The application note describes the operation of the 
82510 ASC in a normal (non 8051 9-bit) asynchronous 
communications mode. The majority of the discussion 
is focused towards the systems aspects of the Control- 
ler. The use of the 82510 in a multidrop or 8051 9-bit 
asynchronous environment is not covered. This appli- 
cation note assumes that the reader is familiar with the 
825 10 in terms of pin description, register architecture 
and interrupt structure. It is also assumed that the 
reader is familiar with the information provided in the 
82510 Data Sheet. 

The initial sections of the application note provide an 
overview of the 82510 and its major functional blocks. 



This is followed by a discussion of the hardware design 
and system interface considerations in sections three 
and four. The fifth section provides some software tech- 
niques for transmitting and receiving data as well as the 
use of timers. Section seven briefly discusses the file 
transfer application based on the XMODEM protocol 
and includes the software listings. 



2.0 82510 DESCRIPTION 



2.1 Overview 

The 82510 can be divided into seven functional blocks 
(See Figure 1): Bus Interface Unit (BIU), Timing Unit, 
Modem Interface Module, Tx FIFO, Rx FIFO, Tx Ma- 
chine and Rx Machine. All blocks, except BIU can gen- 
erate a block interrupt request to the 82510 interrupt 
logic. In the case of the Rx Machine, Timing Unit and 
Modem Interface Module, multiple sources (errors and 
status events) within the block cause the block interrupt 
request to become active. All of the blocks have regis- 
ters associated with them. The registers, allow configu- 
ration, provide status information about events/errors, 
and may also be used to send commands to each block. 



2.2 Bus Interface Unit (BIU) 

The Bus Interface Unit (BIU) interfaces the 82510 
functional blocks to the system or CPU bus. It provides 
read and write access to the 82510 registers and con- 
trols the generation of interrupts to the external world. 
The interrupt logic resolves contention between block 
interrupt requests, on a priority basis. The BIU also has 
the Hardware Reset circuitry, which is driven by the 
RESET pin. The reset signal clears all internal Flip 
Flops, and Registers and puts them in a predefined 
state. All activities on the Bus interface, including regis- 
ter accesses by the CPU, are synchronized to an inter- 
nal (82510) system clock, supplied via the CLK pin. 

2.3 Receive Machine (RxM) 

The Rx Machine (RxM) converts the serial data to par- 
allel and writes it to the Rx FIFO, along with the ap- 
propriate flags (available in the Receive Flags Register). 
The Rx Machine can be configured for control charac- 
ter recognition, data sampling and DPLL operation. 
The software can check for noise, control character, 
break, address or parity ^nd framing errors by reading 
the status or character flags. Optionally, the Receive 
Status bits (in RST), when enabled, can generate inter- 
rupt requests. The Rx Machine block Interrupt request 
is reflected in the General Status Register and is set 
when an enabled interrupt request within the Rx Ma- 
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chine (i.e. RST bits) becomes active. The Rx Machine 
has eight registers associated with it: 

Receive Data (RXD) — Receive Data Character 

Receive Flags (RXF) — Receive Character Flags 

Receive Status (RST)— Receive Events and Receive Er- 
rors 

Receive Interrupt Enable (RIE) — Enables Interrupts 
on corresponding bits in RST 

Receive Mode (RMD) — Receive Machine Configura- 
tion 

Receive Command (RCM)—- Receiver Command Reg- 
ister 

Line Control (LCR)— 16450 Register, Character Attri- 
bute Configuration 

Line Status (LSR)— 16450 Status Register, Tx and Rx 
status 



2.4 Transmit Machine (TxM) 

The Tx Machine reads characters from the Tx FIFO 
and transmits them serially over the TXD line. The Tx 
Machine can also transmit additional character attri- 
butes (9th bit of Data, Address Marker, Software Pari- 
ty) available from the Transmit Flags, if configured in 
the appropriate mode. The Tx Machine Idle interrupt 
request is reflected in the GSR and LSR registers to 
indicate that the Transmitter is either Empty or Dis- 
abled. The Tx Machine has six registers associated with 
it: 

Line Control (LCR)~16450 Register, Character Attri- 
bute Configuration 

Line Status (LSR)— 16450 Status Register, Tx and Rx 
status 

Transmit Mode (TMD) — Tx Machine Configuration 

Transmit Command — (TCM) — Transmit Command 
Register 

Transmit Flags (TXF)— Transmit Character Flags 
Transmit Data (TXD)— Transmit Data Character 



2.5 Modem interface Module 

The Modem Interface module is responsible for the mo- 
dem interface and general purpose I/O pins. It will gen- 



erate Interrupts ( if enabled) u ppn trans itions in the ino- 
dem input pins (DCD, CTS, RI, and DSR). The mo- 
dem output pins can be controlled by the CPU, alsQ the 
RTS pin can be used to provide flow control, in the 
automatic transmission modcv It is the source of the 
Modem Interrupt bit in GSR. This bit is set w he never 
there is a state change in the DCD, RI, DSR or CTS 
inputs (reflected in Mo4€m Status Register) and the 
corresponding enable bits are set. The function and di- 
rection of the multifunction pins can be reprogrammed 
and is available as a configuration option. Multifunc- 
tion pins, when configured as outputs, can be con- 
trolled by the CPU through the Modem Control Regis- 
ter: The Modem module has four registers associated 
with it: 

Modem Status 

Register (MSR) — State transitions on modem input 
pins, and State of the modem input pins 

Modem Control (MCR) — Control state of Modem 
Output pins 

Modem Interrupt 

Enable (MIE) — Enable Interrupt on State transitions in 
modem input pins 

I/O Pin Mode (PMD) — Functions and Directions of 
Multifunction pins 



2.6 Timing Unit 

The Timing Unit is responsible for the generation of the 
System Clock, using either its Crystal Oscillator or an 
externally generated clock, and generation of the Tx 
and Rx clocks from either the On-Chip Baud Rate 
Generators or the SCLK pin. It is also responsible for 
generating Timer Expired interrupts when the 
BRGs/Timers are configured for use as Timers. There 
are ten registers associated with the Timing Unit, four 
of these are used in the Timer mode only. 

Timer Status (TMST)— Timer A and/or Timer B ex- 
pired 

Timer Interrupt 

Enable (TMIE) — Enables Interrupts upon Expiration 
of Timers A or B in TMST 

Timer Control (TMCR)— Start and Disable Timers 

Clock Configure (CLCF)— Select source and mode for 
Tx and Rx clocks 

BRG B Configuration (BBCF)— Mode and Clock 
source of BRG B 
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BRG B LSB of Divisor (BBL)— Least Significant Byte 
of BRG B Divisor/Count 

BRG A MSB of Divisor (BBH)— Most Significant Byte 
of BRG B Divisor/Count 

BRG A Configuration (BACF>— Mode and Clock 
source of BRG A 

BRG A LSB of Divisor (BAL)— Least Significant Byte 
of BRG A Divisor/Count 

BRG A MSB of Divisor (BAH)— Most Significant 
Byte of BRG A Divisor/Count 



2.7 FIFOs, Rx and Tx 

The Dual FIFOs (transmit and receive), serve as buff- 
ers for the 82510. They buffer the transmitter and Re- 
ceiver from the CPU. Each of the FIFOs has a pro- 
grammable threshold. The threshold is the FIFO level 
which will generate an interrupt. The threshold is used 
to optimize the CPU throughput and provide increased 
interrupt to service latency for higher baud rates. It can 
be configured through the FIFO Mode Register. Each 
FIFO character has flags associated with it (TxF and 
RxF). As each character is read from the Rx FIFO its 
flags are put into the RxF register. Before a write to 
TXD (if character configuration requires) the character 
\ are written to the TXF register. The two FIFOs 



are totally independent of each other and each FIFO 
can generate an interrupt request which indicates that 
the configured threshold has been met. 



3.0 HARDWARE DESIGN 



3.1 System Interface 

The 82510 has a standard I/O peripheral interface, it 
has a demultiplexed Bus, which consists of a bidirec- 
tional eight bit Data Bus, and three Address lines. In- 
terrupt, Read, Write, Chip Select and Reset pins com- 
plete the system interface. The three address Unes along 
with the Bank register are used to select a particular 
register. 



3.1.1 REGISTER ACCESS 

The 82510 registers are logically divided into four 
banks. Only one bank can be accessed at any one time. 
Each register bank occupies eight I/O addresses. To 
select a register, the correct Bank must first be selected 
by writing to the GIR/Bank register (the GIR/Bank 
register I/O address is two (Aq = 0, Aj = 1, A2 = 0). 
Then one of the eight I/O space addresses is selected by 
outputting a value (between zero and seven) to the 
82510 address pins A0-A2. 



CS- 
RESET- 



BUS 
INTERFACE 
UNIT 



INTERNAL BUS 



SERIAL MODULE 



TX 
. FIFO 



TX 
MACHINE 



T-RTS I 16X 

iM-CTS RXC TX 
I I I 



16X 
TXC 



TIMING 
BLOCK 
(BRGS, SYS CLOCK) 



MODEM 
INTERFACE 
MODULE 




Figure 1. 82510 Block Diagram 
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BANK ZERO 8250— COMPATIBLE BANK 


Register 


7 


6 


5 


4 


3 


2 


1 


0 


Address 


Default 


TxD 


Tx Data 
bit? 


Tx Data 
bite 


Tx Data 
bits 


Tx Data 
bit 4 


Tx Data 
bits 


Tx Data 
bit 2 


Tx Data 
bit1 


Tx Data 
bitO 


0 




RxD 


Rx Data 
bit? 


Rx Data 
bite 


Rx Data 
bits 


Rx Data 
bit 4 


Rx Data 
bits 


Rx Data 
bits 


Rx Data 
bit 1 


Rx Data 
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BANK ONE— GENERAL WORK BANK 
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Figure 2. 82510 Register IVlap 
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BANK ONE--QENERAL WORK BANK (Continued) 
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BANK TWO-GENERAL CONFIGURATION 
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BANK THREE— MODEM CONFIGURATION 
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Figure 2. 82510 Register Map (Continued) 
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BANK THREE— MODEM CONFIGURATION (Continued) 
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Figure 2. 82510 Register Map (Continued) 



3.1.2 READ AND WRITE CYCLES 

Like most other I/O based peripherals the Read and 
Write pins are used to access data in the 82510. Each 
read or write cycle has specified setup and hold times in 
order for the data to be transferred correctly to/from 
the 82510. The critical timings for the read cycle are: 

1. Address VaUd to Read Active (Tavrl) 

2. Command Access Time to Data Valid (Trldv) 

3. Command Active Width (Trlrh) 

The less critical parameters are: 

4. Address Hold to Read Inactive (Trhax) 

5. Data Out Float Delay after Read Inactive (Trhdz) 

The critical timings for the write cycle are: 

1. Address Valid to Write Low (Tavwl) 

2. Write Active Time (Twlwh) 

3. Data Valid to Write Inactive (Tdvwh) 

The less critical parameters are: 

4. Address and Chip Select Hold Time After Write 
Inactive (Twhax) 

5. Data Hold Time After Write Inactive (Twhdx) 

These timings determine the number of wait states re- 
quired for the 82510 and the CPU interface. The inter- 
faces for some popular microprocessors are discussed in 
the following sections. 



3.1.3 80186 INTERFACE 

The exact interface is shown in Figure 3. The schematic 
shows the 80186 interface to the 82510 on a local bus. 
Although the Data Bus is buffered, it is possible to 
directly connect the 82510 to the 80186 data bus; be- 
cause the Data Float Delay after read inactive is 40 ns 
for the 82510, which is well under the 85 ns require- 
ment of the 80186. The timing equations for the inter- 
face are given below. 

Read Cycle: 

Address to Read Low = Tclcl — Tclav^ax + Tclrlmin 

— Latch Delaymax 

Read Access Time = 2Tclcl — Tclrljnax ~ Tdvcl — 
Transceiver Delaymax 

Read Active Time = Trlrh 

= 2Tclcl - 46 

Write Cycle: 

Address Valid to Write Active =^ Tclcl + TcvctVmin 

- Tclavmax " Latch Prop. Delaymax 

Write Active Time = Twlwh 

= 2Tclcl - 40 

Data Valid to Write Inactive = 2 Tclcl - Tcldvmax ~ 
Transceiver Delaymax + TcvctXmin 
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Figure 3. 82510 Interface to 80186 
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The user can transfer data to the 82510, using the 
DMA capabiUties of the 80186, by using the RTS pin, 
in autom atic m odem control mode, as a DMA request 
line. The RTS pin, in automatic mode, will go inactive 
as soon as the Tx FIFO and the Tx shift register are 
empty. It will become active once a data character is 
written to the TXD register. In most 80186 DMA trans- 
fers the user has to make sure that the DMA request 
Hne goes inactive at least two clock cycles from the end 
of the DMA deposit cycle. In this case, the extra DMA 
cycle is not a problem, because the Tx FIFO will buffer 
the data to prevent an overrun ( Since the Tx FIFO can 
buffer up to four characters, the RTS pin only needs to 
go inactive two clocks before the e nd of the deposit 
phase of the fourth DMA). Typically RTS will go inac- 
tive five (82510) system clocks after the rising edge of 
write. 



3.1.4 80286 INTERFACE 

The 80286 interface is shown in Figure 4. The 82510 is 
on the local bus, and is using the control signals from 
the 82288 Bus Controller. The Data Enable (OE) is 
qualified by the 82510 Chip Select, to avoid Data Bus 
contention between the 825 10 and the CPU. The timing 
equations for the Read and Write Cycles are given be- 
low. 

Read Cycle: 

Address Valid to Read Active = Tl (CLK period) + 
T29niin (CLK to cmd active) - T16inax (ALE active 
delay) — Latch Prop. Delaymax 

Read Access to Data Valid = 2T1 (CLK period) - 
T29inax (CLK to cmd active) - T8 (Read Data Setup 
Time) — Transceiver Delaymax 

Read Active Time = 2T1 (CLK period) - T29niax 
(CLK to cmd active) + TSOmin (CLK to cmd inactive) 

Write Cycle: 

Address to Write Low = Tl (CLK period) + T29min 
(CLK to cmd active) - T16inax (ALE active delay) - 
Latch Delaymax 

Write Active Time = 2 Tl (CLK period) - T29max 
(CLK to cmd active) + T30min (CLK to cmd inactive) 

Data to Write High = 3 Tl ~ T14min (Write Data 
Valid Delay) + TBOmin (CLK to cmd inactive) - 
Xcvr. Delaymax 

Using an 8 MHz 80286 with the 82510 at 18.432 MHz 
(divide by two — 9.216 MHz) requires two wait states. 
The critical timings are the read cycle timings — Read 
Access Time and Read Active Width. Inserting two 



wait states means that the access times for the relevant 
parameters will be increased by 250 ns. 

NOTE: 

The address decoding scheme of the 80286 interface is 
different from the IBM PC/PC AT I/O addresses for 
the serial ports, therefore the interface shown in Fig- 
ure 4 cannot be used in PC/PC AT oriented designs. 

3.1.5 80386 INTERFACE 

The 80386 interface to the 82510 is given in Figure 5. 
The example uses the Basic I/O interface given in the 
80386 Hardware Reference Manual section 8.3. The 
only differences are in the specific address lines used for 
chip select generation, and the additional wait states in 
the wait state generation logic. The address hues A3, 
A4 and A5 are used to select one of the eight register 
address spaces in the 82510, therefore, A6 and A7, 
rather than A4 and A5, are used in the I/O decoder. 
This causes a granularity of four in the 82510's I/O 
address space, i.e., the addresses of two consecutive reg- 
isters in the 82510 differ by four. 

The 82510 requires one additional wait state (as cur- 
rently specified), the design assumes that the PAL 
equations are modified for that purpose. The user may 
also externally generate the wait states and connect to 
the "other ready logic" input ORed with the RDY pin 
of PAL 2. The two read timings Read Active width and 
Read Access time to Data Valid each require one addi- 
tional wait state in order to meet the 82510 timing re- 
quirements. The timings are given below. (82510 times 
are at 9.216 MHz) 

Read Cycle: 

Read Access to Data Valid = 253.25 ns 
82510 Trldv =308 
additional time reqd, = 308-253.25 

= 54.75 ns 
Read Active Width = 269.25 

82510Trlrh =308 
additional time reqd. = 308-269.25 

= 38.75 ns 

Address Valid to Read Active = 132.75 ns 

82510 Tavrl =7ns 

Since each additional wait state adds 62.5 ns at 
16 MHz, the 82510 requires one additional wait state. 
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The required recovery time between successive com- 
mands is 123 ns for the 82510, this is well within the 
331.75 ns provided by the Basic I/O interface. 

Write Cycle: 

Addven to Write Low = 132.75 ns 
82510 Tavwl = 7 ns 

Write Active Time = 300.5 ns 
82510 TwLWH = 231 ns 

Data to Write High = 289.5 ns 
82510 Tdvwh =90ns 
NOTE: 

The interface shown in Figure 5 uses a different ad- 
dress decoding scheme than that used for the IBM 
PC/PC AT families, for the serial ports. Therefore, 
the interface in Figure 5 can not be used in PC/PC 
AT compatible designs. 



3.2 Reset 

The 82510 can be reset either through hardware (Reset 
pin) or Software (reset command via Internal Com- 
mand Register-ICM). Either reset would cause the 
82510 to return to its default wake up mode. In this 
mode the register contents are reset to their default val- 
ues and the device is in the 16450 compatible configura- 
tion. The Reset pulse must be held active for at least 
eight system clocks, the system clock should be running 
during reset active time. 

3.2.1 DEFAULT MOD^ FOR 16450 
COMPATIBILITY 

Upon reset the 82510 will return to its Default Wake 
Up mode. The default register bank is bank zero. The 
registers in bank zero are identical to the 16450 register 
set, and provide complete software compatibility with 
the 16450* in the IBM PC environment. The registers 
in the other banks have default values, which configure 
the 82510 for 16450 emulation. The recommended sys- 
tem clock (for PC compatibility) is 18.432 MHz, this 
allows the baud rates generation to be done in a manner 
compatible with the PC software. The PC software cal- 
culates baud rate^ based on a source ^frequency of 
1.8432 MHz. The 82510 system clock (18,432 MHz) is 
divided by two before being fed to BRG A and then is 
again divided by five (BRG B default). This causes the 
frequency to be divided by ten before being fed into 
BRG A. 18.432 divided by ten yields 1.8432 MHz, so in 
effect the BRG A is generating baud rates from a 
source frequency of 1.8432 MHz (which is compatible 

* 16450 is the PC AT version of the INS 8250A. 



with the PC software). Also since in the PC family the 
interrupt request pin of the UART is gated by the 
0UT2 pin, The OUT2 pin must be available in the 
16450 compatibility mode, consequently the user is re- 
stricted to an external clock source when using the 
825 10 in the IBM PC compatible mode. The default pin 
out is given in Figure 6 and the configuration is given in 
Table 1. The default register values are given in the 
82510 register map shown in Figure 2 in section 3.1.1. 



Table 1. 82510 Default Configuration 



INTERRUPTS 
Auto Acknowledge 
All Interrupts Disabled 

RECEIVE 
Stand Ctl. Char. Recogn. disabled 
Digital Phase Locked Loop (DPLL) disabled 
3/16 Sampling 
Majority Vote Start bit 
Non jLtlan (Normal) mode 
BkD, FE, OE, PE Int. enabled 

FIFO 
Rx FIFO Depth =1 
Tx FIFO Threshold = 0 

AUTO ECHO Disabled 

LOOP BACK Configured 
for Local Loopback 

CLOCK OPTIONS 
Baud Rate = 57.6K 
Rx Clock = 16 X 
Rx Clock Source = BRG B 
Tx Clock = 16 X 
Tx Clock Source = BRG B 
BRG A Mode = BRG 
BRG A Source = Sys. Clock 
BRG B Mode = BRG 
BRG B Source = BRG A Output 

TRANSMIT 
Manual Control of RTS 
1 Stop Bit 
No Parity 
5 Bit Character 
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Figure 6. Default Pin Out Configuration 
of tlie 82510 



3.3 System Clock Options 

The term "System Clock" refers to the clock which 
provides timings for most of the 82510 circuitry. The 
82510 has two modes of system clock usage. It can 
generate its system clock from its On-Chip Crystal Os- 
cillator and an external crystal, or it can use an exter- 
nally generated clock, input to the device through the 
CLK pin. The selection of the system clock option is 
done during reset. The default system clock source is an 
externally generated clock, w hich c an be reconfigured 
by a stra pping option on the RTS pin. During Reset, 
the RTS pin is an input; it is internally pulled high, if it 
is externally driven low, then the 82510 expects to use 
the Crystal Oscillator for system clock generation, oth- 
erwise it is set up for using an external clock source. 
This can be done by using an open collector inverter to 
RTS, the input of the inverter is t he Re set signal. The 
82510 has a pull up resistor in the RTS circuitry so no 
external pull up is needed. In the crystal oscillator 
mode the C LK/X l pin is automatically configured to 
XI, and the OUT2/X2 pin is configured to X2. In the 
External Cloc k mo de, the CLK/Xl is config ured to 
CLK and the OUT2/X2 is configured to OUT2. 
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NOTE: 

Crystal Oscillator is always divided by two. 



Figure 8. Disable Divide by Two 

If the Crystal Oscillator is being used to supply the 
system clock, then the clock frequency is always divid- 
ed by two before being fed into the rest of the 82510 
circuitry. If, however an external clock source is being 
used to supply the system clock, then the user has two 
options: 

1. Use the System Clock after division by two, e.g. if a 
8 MHz clock is being fed into the CLK pin, then the 
actual frequency of the 82510 system clock will be 4 
MHz (default). 

2. Disable Division by two and use the direct undivid- 
ed clock, e.g. if an 8 MHz clock is being fed into the 
CLK pin, then the actual frequency of the 82510 
system clock is also 8 MHz. 

The divide by two option is the default mode of opera- 
tion in the External Clock mode of the 82510. A strap- 
ping option can be used to disable the Divide By Two 
operation (For Crystal Oscillator Mode Di vide B y Two 
must always be active). During Reset, the DTR pin is 
an input; it is internally pulled high, if it is externally 
driven low then the Divide By Two operation is dis- 
abl ed. T he strapping option is identical to the one used 
on RTS for selection of the System Clock source. 

The 82510 system clock must be chosen with care since 
it influences the wait state performance. Baud Rate 
Generation (if being used as soui*ce frequency for the 
BRGs), the power consumption, and the Timer count- 
ing period. The power consumption of the 82510 is de- 
pendent upon the system clock frequency. If using the 
system clock as a source for the Baud Rate Genera- 
tor(s), then the system clock frequency must be a baud 
rate multiple in order to minimize frequency deviation. 
For standard baud rates a multiple of 1.8432 MHz can 
be used, in fact the 18.432 MHz maximum frequency 
was chosen with this particular criteria in mind. 



Figure 7. Crystal Osciiiator Strapping Option 
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Figure 9. Timing Fiow of the 82510 



2-196 



AP-401 



3.3.1 POWER DOWN MODE 

The 82510 has a "power down" mode to reduce power 
consumption when the device is not in use. The 82510 
powers down when the power down command is issued 
via the Internal Command Register (ICM). There are 
two modes of power down, Power Down Sleep and 
Power Down Idle. 

3.3.1.1 Sleep Mode 

This is the mode when even the system clock of the 
82510 is shut down. The system clock source of the 
82510 can either be the Crystal Oscillator or an exter- 
nal clock source. If the Crystal Oscillator is being used 
and the power down command is issued, then the 
82510 will automatically enter the Sleep mode. If an 
external clock is being used, then the user must disable 
the external clock in addition to issuing the Power 
Down command, to enter the Sleep mode. The benefit 
of this mode is the increased savings in power con- 
sumption (typical power consumption in the Sleep 
mode is in the range of hundreds of microAmps. How- 
ever, upon wake up, if using a crystal oscillator, the 
user must reprogram the device. The data is preserved 
if the external clock is disabled after the power down 
command, and enabled prior to exiting the power down 
mode. To exit this mode the user can either issue a 
Hardware reset, or read the FIFO Level Register (FLR) 
and then issue a software reset (if using a Crystal Oscil- 
lator). In either case the contents of the 82510 registers 
are not preserved and the device must be repro- 
grammed prior to operation. 

NOTE: 

If the Crystal Oscillator is being used then the user 
must allow about 1 ms for the oscillator to wake up 
before issuing the software reset. 

Table 2. The Power Down Modes 



Mode 


Clock Source 


Exit Procedure 


Power Consumption 


Data Preservation 


Sleep 


Crystal Oscill. 
Automatically 
Disabled 


H/W Reset or 
Read FLR and 
Issue S/W Reset 


100-900 ixk 


Not Preserved 

Must be Reprogrammed 




External Clock 
Must be Disabled 
by User 


Enable External 
Clock, Read FLR 
and Issue S/W Reset 
H/W Reset 


100-900 juA 


Not Preserved 

Must be Reprogrammed 


Idle 


External Clock 
Running 


H/W Reset 
Read FLR 


1-3 mA . 


All Data Preserved 
Does Not Need to be 
Reprogrammed 
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3.3.1.2 Idle Mode 

The 82510 is said to be in the Idle mode when the 
Power Down command is issued and the system clock 
is still running (i.e. the system clock is generated exter- 
nally and not disabled by the user). In this mode the 
contents of all registers and memory cells are preserved, 
however, the power consumption in this mode is great- 
er than in the Sleep mode. Reading FLR will take the 
82510 out of this mode. 

NOTE: 

The data read from FLR when exiting Power Down is 
incorrect and must be ignored. 



4.0 INTERRUPT BEHAVIOR 



4.1 FIFO Usage 

The 82510 has two independent four bytes transmit and 
receive FIFOs. Each FIFO can generate an interrupt 
request, when the FIFO level meets the Threshold re- 
quirements. The FIFOs can have a considerable impact 
on the performance of an asynchronous communica- 
tions system. For systems using high baud rates they 
can provide increased interrupt-to-service latency re- 
ducing the chances of an overrun occurring. In systems 
constrained for CPU time, the FIFOs can increase the 
CPU Bandwidth by reducing the number of interrupt 
requests generated during asynchronous communica- 
tions. It can reduce the interrupt load on the CPU by 
up to 75%. By choosing the FIFO thresholds which 
reflect the system bandwidth or service latency require- 
ments, the user can achieve data rates and system 
throughput, unattainable with traditional UARTs. 
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4.1.1 INTERRUPT-TO-SERVICE LATENCY 

The interrupt-to-service latency is the time delay from 
the generation of an interrupt request, to when the in- 
terrupt source in the 82510 is actually serviced. Its 
primary application is in the reception of data. In tradi- 
tional UARTs the CPU must read the current charac- 
ter in the Receive Buffer before it is overrun by the next 
incoming character. The Rx FIFO in the 82510 can 
buffer up to four characters, allowing an interrupt-to- 
service latency of up to four character transmission 
times. The character transmission time is the time peri- 
od required to transmit one full character at the given 
Baud Rate. It is dependent upon the baud rate and is 
given by equation (1): 

(1) Character Transmission Time = 

Num. of Bits per Character Frame 
Baud Rate 

The Transmit and Receive FIFO thresholds should be 
selected with consideration to two factors the Baud 
rate, and the (CPU Bandwidth allocated for Asynchro- 
nous Channels is dependent upon the number of chan- 
nels supported since it does not include the overhead of 
supporting other peripherals) number of Asynchronous 
Serial ports being supported by the CPU. In order to 
avoid overrun, the interrupt-to-service delay must be 
less than the time it takes to fill the 82510 Rx FIFO. 
The relationship is given by equation (2): 

(2) Int_to_service-latency < FIFO Size X 

Character Transmission Time 

Example 

Calculate the maximum baud rate that can be support- 
ed by a 6 MHz PC AT to support four Full Duplex 
Asynchronous channels using 

a) The 82510 with four byte FIFO. 

b) The 82510 with one byte FIFO, 

Assumptions: 

• CPU dedicated to Asynchronous communications. 

• UART Interrupts limited to Transmission and Re- 
ception only. 

• Interrupt Routines are optimized for fast through- 
put. 

• 10 bits per character frame. 



Going back to equation (2): 

Int to service latency < Buffer size x 10 /baud rate 

Int ^to service latency = # of Channels X (# of 

int. sources per channel) 
X Time required to serv- 
ice interrupt 

Int to service latency = 4 X 2 X Time required to 

service interrupt 

The Time required to service interrupt has been calcu- 
lated to be 100 jLis for a slightly optimized service rou- 
tine. RMX86 interrupt service time is given as 250 jus 
and for other operating systems it should be slightly 
higher. 

Int to service 

latency = 4x2x100 s 

= 800 jLts 

82510 max Baud Rate = 4 X 10/800 jn,s 
(four byte FIFO) = 50K bits/sec 
82510 max Baud Rate = 1 X 10/800 jus 
(one byte FIFO) = 1 2. 5K bits/sec 

4.2 Interrupt Handling 

The 82510 has 16 different sources of interrupt, each of 
these sources, when set and enabled, will cause their 
respective block interrupt requests to go active. The 
block interrupt request, if enabled, will set the 82510's 
INT pin high, and will be reflected as a pending inter- 
rupt in the General Interrupt Register (GIR) if no other 
higher priority block is requesting service. If a higher 
priority block interrupt is also active at the same time, 
then the General Interrupt Register will reflect the high- 
er priority request as the source of the 82510 interrupt. 
The lower priority interrupt will issue a new edge on 
the interrupt pin only after the higher priority interrupt 
is acknowledged and if no other priority block requests 
are present. Both the block interrupts and the individu- 
al sources within the blocks are maskable. The block 
interrupts are enabled through the General Enable Reg- 
ister (GER) which prevents masked bits in the General 
Status Register (GSR) from being decoded into the 
General Interrupt Register. This does not prevent the 
block request from being set in the General Status Reg- 
ister, it only prevents the masked GSR bits from being 
decoded into the General Interrupt Register, and thus 
generating any interrupts. The individual sources with- 
in the block are masked out via the corresponding in- 
terrupt enable register associated with the specific block 
(Rx Machine, Timing Unit and the Modem I/O mod- 
ule each have an Interrupt Enable register). 
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Figure 9. 82510's Interrupt Scheme 
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4.2.1 THE INTERRUPT SCHEME 

The 82510 interrupt logic consists of the following ele- 
ments: 



4.2.1.1 Interrupt Sources Within Blocks 

Three of the 82510 functional blocks (Rx Machine, 
Timer, Modem I/O) have more than one possible 
source of interrupts, for instance the Rx Machine has 
seven different sources of interrupts — standard control 
character recognition (Std. CCR), control character 
Match (special CCR), Break Detect, Break Terminat- 
ed, Overrun Error, Parity Error, and Framing Error. 
The multiple sources are represented as Status bits in 
the Status registers of each of these blocks. When en- 
abled the Status bits cause the block request to set in 
the General Status Register. There is no difference in 
the behavior of the INT pin or the block status bits in 
GSR, for multiple sources within a block becoming ac- 
tive simultaneously. The corresponding block status bit 
in GSR is set when one or more interrupt sources with- 
in the block become active. When the status register for 
the block is read all the active interrupt sources within 
the block are reset. Each source within the three blocks 
can be masked through its respective enable register. 



4.2.1.2 General Status Register (GSR) 

This register holds the status of the six 82510 blocks 
(all except Bus Interface Unit). Each bit when set indi- 
cates that the particular block is requesting interrupt 
service, and if enabled via the General Enable Register, 
will cause an interrupt. 



4.2.1.3 General Enable Register (GER) 

This register is used to enable/disable the correspond- 
ing bits in the General Status Register. It can be pro- 
grammed by the CPU at any time. 

Table 3. Block Interrupt Priority 



Block 


Priority 


GIR CODE 
3 2 1 (Bits) 


Timers 


6 (highest) 


1 0 1 


Tx Machine 


4 


1 0 0 


Rx l\/lacliine 


3 


0 1 1 


RxFIFO 


2 


0 1 0 


Tx FIFO 


1 


0 0 1 


Modem I/O 


0 (lowest) 


0 0 0 



4.2.1.4 Priority Resolver and General Interrupt 
Register 

If more than one enabled Interrupt request from GSR 
is active, then the priority resolver is used to resolve 
contention. The priority resolver finds the highest pri- 
ority pending and enabled interrupt in GSR and de- 
codes it into the General Interrupt Register (bits 3 to 1). 
The General Interrupt Register can be read at any time. 

NOTE: 

GIR is updated continuously, so while the user may 
be serving one interrupt source, a new interrupt with 
higher priority may update GIR and replace the older 
one. 



4.2.2 INTERRUPT ACKNOWLEDGE MODES 

The 82510 has two modes of interrupt acknowledge- 
ment — Manual acknowledge and Automatic acknowl- 
edge. In Manual Acknowledge mode, the user has to 
issue an explicit Acknowledge Command via the 
Internal Command Register (ICM) in order to cause 
the INT pin to go low. In Automatic Acknowledge 
mode the INT pin will go low as soon as an active or 
pending interrupt request is serviced by the CPU. An 
operation is considered to be a service operation if it 
causes the source of the interrupt (within the 82510) to 
become inactive (the specific status bit is reset). The 
service procedures for each source vary, see section 
4.2.3.2 for details. 



4.2.2.1 Automatic Acknowledgement 

In the automatic acknowledge mode, a service opera- 
tion by the CPU will be considered as an automatic 
acknowledgement of the interrupt. This will force the 
INT pin low for two clock cycles, after that the INT 
pin is updated i.e. if there is an active enabled source 
pending then the INT pin is set high again (reflected in 
GIR). This mode is useful in an edge triggered Inter- 
rupt system. Servicing any enabled and active GSR bit 
will cause Auto Acknowledge to occur (independently 
of the source currently decoded in the GIR register). 
This can be used to rearrange priorities of the 82510 
block requests. 
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mode. Of course the user has the option of issuing the 
acknowledge command immediately after the service, 
which would be similiar in behavior to the automatic 
mode. If the manual acknowledge command is given 
before the active source has been serviced and no higher 
priority request is pending, then the same source will 
immediately generate a new interrupt. Therefore, the 
software must make sure that the Manual Acknowl- 
edge command is issued after the interrupt source has 
been serviced by the CPU (see section 4.2.3.2. for more 
details on interrupt service procedures for each source). 




PUSH CPU 
REGISTERS STACK 

— I — 

SAVE GIR/ 
BANK VALUE 

I 

SWITCH TO BANK 
ONE IF IN HIGH 
PERF. MODE 

I 

IDENTIFY BLOCK 
REQUEST 



4.2.2.2 Manual Mode of Acknowledgement 

The Manual Acknowledgement Mode requires that, 
unlike the automatic mode where a service operation is 
considered as an automatic acknowledge, an explicit 
acknowledge command be issued to the 82510 to cause 
INT to go inactive. In this mode the CPU has complete 
control over the timing of the Interrupts. Before exiting 
the service routine, the CPU can check the GIR register 
to see if other interrupts are pending and can service 
those interrupts in the same invocation, avoiding the 
overhead of another interrupt as in the Automatic 
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Figure 12. Typical Interrupt Handler 
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4.2.3 GENERAL INTERRUPT HANDLER 

In general an interrupt handler for the 82510 must first 
identify the interrupt source within the 82510, transfer 
control to the appropriate service routine and then 
service the active source. The active source can be iden- 
tified from two registers — General Interrupt Register, 
or General Status Register. The GIR register identifies 
the highest priority active block interrupt request. The 
GSR register identifies all active (pending or in service) 
Block Interrupt Requests. The typical operation of the 
82510 interrupt handler is given in Figure 12. The two 
major issues of concern are the source identification 
and Control Transfer to the appropriate service routine. 



Since the 82510 registers are divided into banks, and 
the interrupt handler may change register banks during 
service, it is best to save the bank being used by the 
main program and then do the interrupt processing. 
Upon completion of service, the original bank value is 
restored to the GIR/Bank register. 

4.2.3.1 Source Identification 

The 82510 has 16 interrupt sources, and the CPU must 
identify the source before performing any service. Al- 
though the procedure varies, the typical method would 
be to identify the block requesting service by reading 
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Figure 13. Bypassing the 82510 Fixed Interrupt Priority 
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GIR bits 3-1. If the source is either Tx Machine, Tx 
FIFO, or Rx FIFO, no further indentification is need- 
ed, the user can transfer control to the service routine 
(in most cases, only one Timer will be used, therefore 
the Timer Routine can also be directly invoked). All 
modem I/O interrupts can be handled via one routine 
as all the modem interrupt sources are supplementary 
to the modem handshaking function. The Rx Machine, 
however, has two different types of interrupt sources, 
event indications (CCR/ Address recognition CCR/Ad- 
dress Match, Break Detect, Break Terminate, and 
Overrun Error), and error indications (Parity Error, 
Framing Error, these error indications do not refer to 
any particular character, they just indicate that the spe- 
cific error was detected during reception). For most ap- 
plications, the error indicators can be masked off, and 
only the event driven interrupts enabled. The error in- 
dicators can be read from the Receive Flags prior to 
reading a character from the FIFO. This interrupt 
scheme can be used, because the Receive character er- 
ror indicators are available in the Receive Flags, and 
can be checked by the Receive routine before reading 
the character from the Rx FIFO. 

Since all active status bits (except Rx FIFO interrupt in 
LSR and RST) are reset when the corresponding block 
status register is read, the interrupt routine must check 
for all possible active sources within the block, and 
service each active source before exiting the interrupt 
handler. 

The 82510 interrupt contention is resolved on a fixed 
priority basis. In some applications the fixed priority 
may not be suitable for the user. For these cases the 



user can bypass the 82510*s priority resolution by using 
the General Status Register (rather than GIR) to deter- 
mine the block interrupt sources requesting service. 
Each source is checked in order of user priority and 
serviced when identified (There will be no problem with 
using this algorithm in auto acknowledge mode because 
the INT pin will go low as soon as a pending and enr 
abled interrupt request goes low). The user will be trad- 
ing some service latency time for additional source 
identification time, this algorithm's efficiency will im- 
prove as the number of block sources to verify is re- 
duced. See Figure 13 for the algorithm. 

4.2.3.2 Interrupt Service 

A service operation is an operation performed by the 
CPU, which causes the source of the 82510 interrupt to 
go inactive (it will reset the particular status bit causing 
the interrupt). An interrupt request within the 82510 
will not reset until the interrupt source has been serv- 
iced. Each source can be serviced in two or three differ- 
ent ways; one general way is to disable the particular 
status bit causing the interrupt, via the corresponding 
block enable register. Setting the appropriate bit of the 
enable register to zero will mask off the corresponding 
bit in the status register, thus causing the INT pin to go 
inactive. The same effect can be achieved by masking 
off the particular block interrupt request in GSR via 
the General Enable Register. Another method, which is 
applicable to all sources, is to issue the Status Clear 
command from the Internal Command Register. The 
detailed service requirements for each source are given 
below: 



Table 4. Service Procedures For Each interrupt Source 



interrupt 
Source 


Status Bits 
& Registers 


Interrupt 
Masking 


Specific 
Service 


General 
Service 


Timers 


TMST(1.0) 
GSR (5) 


TMIE(I-O) 
GER (5) 


Read TMST 


Issue 

Status Clear 
(StC) 


Tx 

Machine 


GSR (4) 
LSR (6) 


GER (4) 


Write Character 
to Tx FIFO 


Issue StC 


Rx 

Machine 


LSR (4-1) 
RST (7-1) 
GSR (2) 


RIE(7-1) 
GER (2) 


Read RST or LSR 
Write 0 to bit 
in RST/LSR 


Issue StC 


Rx FIFO 


RST/LSR (0) 
GSR (0) 


GER (0) 


Write 0 to LSR/RST 
Bit zero. 

Read Character(s) 


Issue StC 


Tx FIFO 


LSR (5) 
GSR (1) 


GER (1) 


Write to FIFO 
Read GIR 


issue StC 


Modem 


MSR (3-0) 
GSR (3) 


MIE (3-0) 
GER (3) 


Read MSR 
write 0 into the 
appropriate bits of 
of MSR (3-0) 


Issue StC 



NOTE: 

The procedures listed in Table 4 will cause the INT pin to go low only if the 82510 is in the automatic acknowledge mode. 
Othen/vise, only the Internal source(s) are decoded, the INT pin will go low only when the Manual Acknowlege command is 
issued. 
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4.3 Polling 

The 82510 can be used in a polling mode by using the 
General Status Register to determine the status of the 
various 82510 blocks, this is useful when the software 
must manage all the blocks at once. If the software is 
dedicated to performing one function at a time, then 
the specific status registers for the block can be used, 
e.g. if the software is only going to be Transmitting, it 
can monitor the Tx FIFO level by polling the FIFO 
Level Register, and write data whenever the Tx FIFO 
level decreases. Reception of data can be done in the 
same manner. 



5.0 SOFTWARE CONSIDERATIONS 



5.1 Configuration 

The 82510 must be configured for the appropriate 
modes before it can be used to transmit or receive data. 
Configuration is done via read and write registers, each 
functional block (except for BIU) has a configuration 
register. Typically the configuration is done once after 
start up, however, the FIFO thresholds and the inter- 
rupt masks can be reconfigured dynamically. If the 
82510 configuration is not known at start up it is best to 
bring the device to a known state by issuing a software 
reset command (ICM register, bank one). At this point 
all block interrupts are masked out in GER and all 
configuration and status registers have default values. 
The bank register is pointing to bank zero. The 82510 
can now be configured as follows: 

1. If BRG A is being issued as a baud rate generator 
then load the baud rate count into BAL and BAH 
registers. 

2. ConHgure the character attributes in LCR register 
(Parity, Stop Bit Length, and Character Length). 

(Note if interrupts are being used, steps 1 and 2 can 
also be done at the end, since the user will have to 
return to bank zero to set the interrupt masks in GER) 

3. Load ACRO register with the appropriate Control 
or Address character (if using the Control Charac- 
ter Match or Address Match capability of the 
82510). 

4. Switch to Bank two. 

(In this Bank the configuration can be done in any 
order) 

5. Configure the Receive and Transmit FIFO thresh- 
olds if using different thresholds than the default). 



6. Configure the Transmit Mode Register for the 
Stop Bit length, modem control, and if using echo 
or 9 bit length or software parity, configure the 
appropriate bits of the register. The default mode 
of the modem control is Manual, if using the FIFO 
then the automatic mode would be most useful). 

7. Configure the Rx FIFO depth, interrupt acknowl- 
edge mode, julan or normal mode and echo modes 
in IMD register. 

8. Load ACRl if necessary 

9. Enable Rx Machine Interrupts as necessary via 
RIE. 

10. Configure RMD for CCR, DPLL operation. Sam- 
pling Window, and start bit. 

11. Switch to Bank 3. 

12. Configure CLCF register for Tx and Rx clocks and 
or Sources 

13. Configure BACF register for BRG A mode and 
source. 

14. Load BBL and BBH if BRGB is being used (as 
either a BRG or a Timer). 

15. Configure BBCF register if necessary. 

16. If reconfiguration of the modem pin is necessary 
then program the PMD register. 

17. Enable any modem interrupt sources, if required, 
via MIE register. 

18. Enable Timer interrupts, if necessary, via TMIE. 

19. If using interrupts 
then 

i) Switch to Bank zero. 

Disable Interrupts at CPU (either by masking 
the request at the interrupt controller or exe- 
cuting the CLI instruction). 

ii) Enable the appropriate 82510 Block interrupts 
by setting bits in the GER register. (CPU inter- 
rupts can now be reenabled, but it is recom- 
mended to switch banks before enabling the 
CPU interrupts). 

NOTE: 

At this stage it is best to leave the TxM and Tx FIFO 
interrupt disabled. See section 6.3 Transmit Operation 
for details) 

20. Switch to Bank One. Load Transmit Flags if using 
9-bit characters, or 8051 9-bit mode or software 
parity. If using interrupts CPU interrupts ca!n now 
be enabled. 

Bank One is used for general operation, the 82510 can 
now be used to transmit or receive characters. 
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Figure 15. Tx FIFO Interrupt Hysteresis 



5.2 Transmit Operation 

5.2.1 GENERAL OPERATION 

To transmit a character the CPU must write it to the 
TXD register^ this character along with the flags from 
the Tx Flags register is loaded to the top of the TX 
FIFO, If the Tx Machine is empty, then the character 
is loaded into the shift register, where it is serially 
transmitted out via the TXD pin (the flags are not 
transmitted unless the 82510's configuration requires 
their transmission e.g. if software parity is selected then 
the S/W parity bit is transmitted as the parity bit of the 
character). The CPU may write more than one charac- 
ter into the FIFO, it can write four characters in a burst 
(five if the Tx Machine is empty) or it can check the 
FIFO level before each write, to avoid an overrun con- 
dition to the transmitter. In the case of the latter, the 
software overhead of checking the FIFO level must be 
less than the time required to transmit a character, oth- 
erwise the transmit routine may not exit until another 
exit condition has been met. 

e.g. at 288,000 bps for an 8-bit char no parity 

It takes 34.7 jms to transmit one character. 

If the time, from the write to TXD to the reading of the 
Transmit FIFO level, is greater than 34.7 fis then the 
Tx FIFO level will never reach higher than zero, and 
the FIFO will always appear to be empty. Therefore, if 
the transmit routine is checking for a higher level in the 
FIFO it may not be able to return until some other exit 
condition — such as no more data available — is met. 
This can be a problem in the interrupt handler, where 
the service routine is required to be efficient and fast. 



The transmitter has two status flags. Tx Machine Idle 
and Tx FIFO interrupt request, each of these condi- 
tions may cause an interrupt, if enabled. The Transmit 
Idle condition indicates that the Tx Machine is either 
empty or disabled. The Tx FIFO interrupt bit is set 
only when the level of the Tx FIFO is less than or equal 
to the threshold. These interrupts should remain dis- 
abled until data is available for transmission. Because 
outside of disabling the corresponding GSR status bits, 
the only way to service Tx Idle is by writing data to the 
Transmitter. Otherwise, the Tx Machine interrupt may 
occur when no data is available for transmission, and as 
a result will keep the INT pin active, preventing the 
82510 fronj generating any further interrupts (unless 
the Transmit Interrupt routine automatically disables 
the Tx Machine Idle and Tx FIFO interrupt requests in 
GSR). The threshold of the Tx FIFO is programmable 
from three to zero, at a threshold of three the Tx FIFO 
will generate an interrupt after a character has been 
transmitted. While at a threshold of zero the interrupt 
will be generated only when the Tx FIFO is empty. For 
most applications a threshold of zero can be used. If the 
threshold is dynamically configured, i.e. it is being 
modified during operation, then the Tx FIFO level 
must be checked before writing data to the transmitter. 

5.2.1.1 Transmit Interrupt Handler 

The Transmit Interrupt Handler will be invoked when 
either the Tx FIFO threshold has been met or if the 
Transmitter is empty. Since the Tx Machine interrupt 
is high priority (second highest priority, with Timer 
being the highest), the interrupt line will not be released 
to other lower priority, pending 82510 sources until the 
Tx Machine interrupt has been serviced. If no data is 
available for transmission, then the only way to ac- 
knowledge the interrupt is by disabhng it in the General 
Enable Register. Thus the Tx Machine interrupt should 
not be enabled until there is data available for transmis- 
sion. The Tx Machine interrupt should be disabled af- 
ter transmission is completed. 

5.2.1.2 Transmission By Polling 

Transmission on a polling basis can be done by using 
the General Status Register and/or the FIFO Level Reg- 
ister. The software can wait until the Tx FIFO and/or 
the Tx Machine Idle bits are set in the General Status 
Register^ and then do a set number of writes to the TXD 
register. This method is useful when the software is try- 
ing to manage other functions such as modem control, 
timer management and data reception, simultaneously 
with transmission. 

If management of other functions is not needed while 
transmitting, then continuous transmission can be done 
by monitoring the Tx FIFO level. A new character is 
written to TXD as soon as the FIFO level drops by one 
level. 
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Figure 16. 16 Tx Interrupt Handler Flow Chart 
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Figure 17. Using GSR for Foiling 
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Figure 18. Data Transmission by l^onitoring FiFO Level 



2-210 



AP-401 




DISABLE TX MACHINE 



WRITE DESIRED 
NUMBER OF DUMMY 
CH. INTO TX FIFO 



ISSUE SEND BREAK I 

T ' 




Figure 19. Break Transmission Using Tx FIFO to l\/leasure Breal( Length 
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5.2.1.3 Break Transmission 

The 82510 will transmit a break when bit six of the 
Line Control Register is set high. This will cause the 
TXD pin to be held at Mark for one or more character 
time. The Tx FIFO can be used to program a variable 
length break, see Figure 19 for details. If the break 
command is issued in the midst of character transmis- 
sion the TXD pin will go low, but the transmitter will 
not be disabled. The characters from the Tx FIFO will 
be shifted out on to the Tx Machine and lost. To pre- 
vent the erroneous transmission of data, The CPU must 
make sure the Transmitter is empty or disabled before 
issuing the Send Break command. 
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Figure 20. Rx FIFO Hysteresis 



5.3 Data Reception 

The receiver provides the 82510 with three types of 
information: 

a) Data characters received 

b) Rx Flags for each data character 

c) Status information on events within the Rx Ma- 
chine. 

The Rx FIFO interrupt request goes active when the 
Rx FIFO level is greater than the threshold, if the in- 
terrupt for this bit is enabled then it will generate an 
interrupt to the CPU. This is a request for the CPU to 



read characters from the 82510. Each character on the 
Rx FIFO has flags associated with it, all of these flags 
are generated by the Rx Machine during reception of 
the character. These flags provide information on the 
integrity of the character, e.g. whether the character 
was received OK, or if there were any errors. The re- 
ceiver status is provided via the Receive Status Register 
(RST), which provides information on events occurring 
within the Rx Machine, since the last time RST was 
read. The information may or may not apply to the 
current character being read from the RXD register. 
The CPU may read one or more characters from the 
Rx FIFO. After each read, if the FIFO contains more 
than a single character, a new character is loaded into 
the RXD register and the flags for that character are 
placed into the RXF register. The software can check 
for the Rx character OK bit in the flags to make sure 
that the character was received without any problems. 

5.3.1 RECEIVE INTERRUPT HANDLER 

The Receiver will generate two types of interrupts, Rx 
FIFO interrupt and Rx Machine Interrupt. The Rx 
FIFO interrupt requires that the CPU read data char- 
acters from the Rx FIFO. If the Rx Machine interrupts 
are disabled then the CPU should also check for errors 
in the character before moving it to a vahd buffer. The 
interrupts generated by the Rx Machine can be divided 
into two categories — occurrence of errors during recep- 
tion of data (parity error, framing error, overrun error), 
or the occurrence of certain events (Control/Address 
character received. Break detected. Break Terminated). 
For typical applications, the error status of each re- 
ceived character can be checked via the Receive Flags, 
and the events can be handled via interrupts. 

5.3.2 RECEIVING DATA BY POLLING 

To receive data through poUing, the 82510 can use the 
General Status or the Receive Status Registers to check 
for the Rx FIFO request. If the Receive routine does 
not generate time outs or modem pin transitions, then 
the data can also be received by monitoring the Rx 
FIFO level in the FIFO Level Register. The implemen- 
tation using GSR would be useful in applications where 
the software routine must monitor the timer for time 
outs or the modem pins for change in status. The exam- 
ple polling routine illustrates the use of the FIFO Level 
Register in receiving data. It waits for the Rx FIFO 
request before beginning data reception. The procedure 

Rx Data Poll will receive the number of characters 

requested in Char count and place them in the Re- 
ceive buffer. 
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Figure 20. Rx FIFO Interrupt Handler 
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#define base 0x3F8 ; /* base address of 82510 */ 
#define buff.^size 128; 

Rx Data Poll (Char count, Rxbuffer) 

int Char count ; /* Total # of bytes to be received */ 

char *Rxbuffer [buffsize] ; 

1 

int count = 0 ; 

int status, IvI, Rok ; 

While (((status = (Inp(base+7) & 0x05)) == 0x01) /* If Rx FIFO Req in GSR set */ 
{ /* Assume in bank one */ 

/* If Rx FIFO is not empty */ 

While ((IvI = ((Inp (base+4) & 0x70) /OxlO) 0&&( count < (Char_count) ) 

( 

/* If Character Received OK */ 

if (((Rok = (Inp (base+1) & 0x60)) == 0x40) 

( 

Rxbuffer [count] = Inp (base) ; 
++count ; 

( 

( 



Figure 21. Example Polling Routine 



5.4.3 CONTROL CHARACTER HANDLING 

The 82510 has two modes of control character recogni- 
tion. It can recognize either standard ASCII or stan- 
dard EBCDIC control characters, or it can recognize a 
match with two user programmed control (or Address 
Characters in MCS-5 1 9-bit mode, for Automatic Wake 
up) characters. Each mode generates an interrupt 
through the Receive Status Register. The Receive Flags 
also indicate whether the character being read is a con- 
trol character. The usage of CCR depends on the maxi- 
mum number of possible control characters that can be 
received at any one time. Applications such as Termi- 
nal Drivers, which have no more than two control 
characters outstanding, such as XON and Ctl-C, or 
XOFF and Ctl-C, can use just the Control Character 
Match mode by programming the registers ACRO and 
ACRl. If the CPU needs to process text on a hne by 
line basis, the standard Control Character recognition 
capability can be used to determine when an end of line 
has occurred e.g. a whole line has been received when a 
Carriage Return (CR) or Line Feed (LF) is received by 
the UART. 

Implementation of a character oriented asynchronous 
file transfer protocol can be done using both standard 
and specific Control Character Recognition. In such 
protocols most control characters such as Start of 
Header (SOH), can only be received during certain 
states, these characters can be received via Standard 
Control Character Recognition. A few Control Charac- 



ters (e.g. abort) can be received at any stage of commu- 
nication, these can be received by using the Control 
Character Matching capabilities of the 82510. 

5.3.3 BREAK RECEPTION 

The 82510 has two status indications of break recep- 
tion. Break Detect indicates that a break has been de- 
tected on the RXD pin. Break Terminated indicates 
that the Break previously detected on the RXD line has 
terminated and normal Data reception can resume. 
Each of these status bits can generate an interrupt re- 
quest through the Rx Machine Interrupt request. Nor- 
mal consequence of break is to abort the data reception 
or to introduce a line idle delay in the middle of data 
reception. In the case of the former, the Break Detect 
interrupt can be used to reset the 82510 Receive Ma- 
chine and the Rx routine flags; in the case of the latter, 
the break terminated interrupt can be used to filter out 
the break characters and resume normal reception. 
Each break character is identified by a break flag in the 
Rx Flags Register (the CCR flag. Framing error, and 
CCR Match flag also may become active when a break 
character is received) and is loaded onto the Rx FIFO 
as a NULL character. If break continues even after the 
Rx FIFO is full, then an overrun error will occur but 
no further break characters will be loaded on to the Rx 
FIFO. The user can also measure the length of the 
break character stream by using the Timer. 
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Figure 22. Handling Control Character Interrupts 
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Figure 23. Using Control Character lUiatch In Terminal Ports 
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5.3.4 DATA INTEGRITY 

To improve the reliability of the incoming data the 
82510 provides a digital filter, a Digital Phase Locked 
Loop, and multiple sampling windows (which provide a 
noise indication bit). 

5.3.4.1 Digital Filter 

The Digital Filter is used to filter spikes in the input 
data. The Rx Machine uses a 2 of 3 filter. The output is 
determined by the majority of samples. If at least two of 
the three samples are "T* then the output will be a "1". 
Spikes of one sample duration will be filtered but spikes 
of two or more samples duration will not be filtered. 

5.3.4.2 Digital Phase Locked Loop 

The Digital Phase Locked Loop (DPLL) is used by the 
Rx Machine to synchronize to the incoming data, and 
adjust for any jitter in the incoming data. 

The 82510 DPLL operates on the assumption that a 
transition in the incoming data indicates the beginning 
of a new bit cell. A valid asynchronous character frame 
will contain one or more transitions depending upon 
the data. If upon occurrence of the transition, the 
DPLL phase expectation is different from the sampled 
phase, then there is jitter in the incoming data. The 
DPLL will compensate for the phase shift by adjusting 
its phase expectations, until the expected phase and the 
sampled phase are locked in. The user can enable or 
disable the DPLL through the Receive Mode Register 
(RMD). 

5.3.4.3 Sampling Windows 

The sampling windows are used to generate the data 
bit, by repeated sampling of the RXD line. The bit po- 
larity decision is based upon a majority vote of the sam- 
ples. If a majority of the samples are "1" then the bit is 
a "1". If all samples are not in agreement then the 
Noisy Character bit in the RXF register is set. The sam- 
pling windows are programmable for either 3 of 16 or 7 
of 16. The 3/16 mode improves the jitter tolerance of 
the medium. While the 7/16 window improves the im- 
pulse noise tolerance of the channel. 



The sampling windows also provide a Noisy character 
bit in the RXF register. This bit indicates that the cur- 
rent character being read had some noise in one or 
more of its bits (all the samples were not in agreement). 
This bit can be used along with the Parity and Framing 
error bits to provide an indication of noise on the chan- 
nel. For example, if the Noisy Character bit and the 
Parity or the Framing errors occur simultaneously, 
then the noise is probably sufficient to merit a complete 
check of the communications channel. The noisy bit 
can also be used to determine when the cable is too long 
or the baud rate is too high. The user would keep a tally 
of the noisy characters, and if more than a certain num- 
ber of characters were received with noise indications, 
then either the baud rate should be lowered or the dis- 
tance between the two nodes should be reduced. 



5.4 Timer Usage 

The 82510 has two baud rate generators, each of these 
can be configured to operate as Timers. Typical appli- 
cations use BRG A as a BRG and BRG B as a Timer. 
Since both the Transmitter and the Receiver may need 
to generate time outs, it is best to use the Timer as a 
Time Base to decrement ticks (upon a Timer Expired 
Interrupt) from (software implemented) Tx and/or Rx 
counters. The Timer can also be used to time out the 
Rx FIFO and read characters that otherwise may not 
have been able to exceed the Rx FIFO threshold. 

5.4.1 USE AS A TIME BASE 

The transmitter and the receiver routines use a software 
variable which acts as a counter. The variable is loaded 
with the required number of ticks that are needed for 
the Time Out period. Once started the Timer generates 
an interrupt each time it expires, the interrupt handler 
then decrements the counters. Once loaded the soft- 
ware monitors the counters until their value reaches 
zero, this would indicate to the software that the re- 
quired time period has elapsed. The Time Base value 
should be selected with regards to the CPU interrupt 
load. The CPU load will increase substantially when 
the Timer is used as a Time Base, therefore using the 
Timer in this mode at very high baud rates may cause 
character overruns. A time base of 5 or 1 ms is proba- 
bly the most useful. An additional benefit of the Time 
Base is that it can support more than two counters if 
required. 
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Figure 24. Timer use as Time Base for Transmit 
and Receive 



5.4.2 USE FOR RX FIFO TIME OUT 

In the 82510, Rx FIFO interrupts will occur only after 
the FIFO level has exceeded the threshold. Due to this 
mechanism and the nonuniform arrival rate of charac- 
ters in asynchronous communications, there is a chance 
that characters will be "trapped" in the Rx FIFO for 
an extended period of time. 

For example, assume the 82510 is a serial port on a 
system and is connected to a terminal. The user is en- 
tering a command line. The Rx FIFO Threshold = 3, 
and at the end only two bytes are received. Since the 
FIFO threshold has not been exceeded, the Rx FIFO 
interrupt is not generated. No other characters are re- 
ceived for 30 minutes, if the characters (in the Rx 
FIFO) are a line feed and carriage return, respectively, 
the CPU may be waiting for the CR to process the 
characters it has received. Consequently the characters 
will not be processed for 30 minutes. 

In order to avoid such situations, a Rx FIFO Time Out 
mechanism can be implemented by using the 82510 
Timer. The time out indicates that a certain amount of 
time has elapsed since the last read operation was per- 
formed. It causes the CPU to check the Rx FIFO and 
read any characters that are present. 

In applications where the character reception occurs in 
a spurious manner (the exact number of characters can- 
not be guaranteed), the Rx FIFO Time Out is the only 
way to prevent characters from being trapped. The time 
out period is measured from the last read operation, 
every read operation resets the Rx FIFO Timer. To 
synchronize with the beginning of the data reception, 
initially the Rx FIFO threshold is set to zero. After the 
first character has been received, the threshold is ad- 
justed to the desired value. When a Rx FIFO time out 
occurs and no data is available, the threshold is reset to 
zero. In error free data transmission, the beginning of 
data transmission is signaled by the reception of a con- 
trol character, such as SOH or STX, the Rx FIFO time 
out mechanism should be triggered to the reception of 
these control characters. 
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Figure 25. Rx FIFO Time Out Flow Chart 
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Figure 26. Packet Structure of XMODEM 



6.0 82510 IMPLEMENTATION OF 
XMODEM 

The 82510 XMODEM implementation is a file transfer 
program for the 82510 based on the XMODEM proto- 
col. The software runs on the PC AT on a especially 
designed adapter board (the adapter board design is 
shown in Figure 33). The software uses most of the 
82510 features including the baud rate generator, Tim- 
er, Control Character Recognition and FIFOs. The 
software uses an interrupt driven implementation, writ- 
ten in both assembly and C languages. 



6.2 Software 

Interrupts are used to transmit and receive data. The 
software is implemented as two independent finite state 
machines — Transmit State Machine and Receive State 
Machine. Each state machine is triggered by external 
events such as user commands and data or Control 
Character reception. The state machines communicate 
with the 82510 interrupt service routines through soft- 
ware flags. The overall structure of the main routine is 
given in Figure 31. The major modules of the software 
are given in the hierarchy (I!hart, Figure 34, which lists 
the different modules in order. 



6.1 XMODEM Protocol 

XMODEM is a popular error free data transfer proto- 
col for asynchronous communications. Data is trans- 
ferred in fixed length 128 byte packets, each packet has 
a checksum for error checking. The packets are deline- 
ated by control characters, which act as flags between 
the Receiver and the Transmitter. There are four con- 
trol characters, SOH, EOT, ACK, and NAK. SOH in- 
dicates the Start of a Packet, EOT indicates the End Of 
Transmission; ACK and NAK are positive or negative 
acknowledgements of the packet respectively. The 
packet structure and protocol flow of XMODEM is 
provided in the figures given below. 



The interface between the main program and the inter- 
rupt service routine is done through global flags. The 
interrupt handler services four sources — Transmit, 
Timer, Receive, and Control Characters. Each of the 
interrupt sources communicates with each of the state 
machines through the global flags. The state machines 
keep track of their individual states through state vari- 
ables. The interface between the individual states within 
a state machine is done through state flags. The state 
machine diagrams are given in Figure 29 and Figure 
30. 
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Figure 30. Rx State Machine 
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Figure 31. Software Structure 

6.2.1 TRANSMISSION OF DATA 

The Transmit interrupts are disabled until data trans- 
mission is required, this prevents unnecessary Transmit 
interrupts. The Transmit interrupt is enabled when a 
packet has been assembled or if a Control Character is 
required to be transmitted. Upon invocation the Trans- 



mit interrupt service routine reads characters from the 
packet buffer and writes it to the Tx FIFO. Since it 
does not require the use of the Transmit Flags, no in- 
formation is written to the TXF register, 

6.2.2 RECEPTION OF DATA 

Data reception begins only after a Start of Header 
(SOH) control character is received. This control char- 
acter puts the receiver in a data reception mode. After 
receiving the SOH, the CCR interrupt is disabled (since 
all data being received now is transparent and can not 
be interpreted as a control character). After 132 charac- 
ters are received, the CCR interrupt is reenabled and 
the corresponding ACK or NAK sent to the Transmit- 
ting system. The receiver has a time out feature, which 
causes it to check the Rx FIFO for any remaining char- 
acters. End of Transmission is indicated by an EOT 
control character, which causes the file to be closed and 
the Receiver to go into the Idle state. 
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Figure 32. Using Flags for Communications with Interrupt Routine 
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X2 

CS 
TXO 
INT 

RXD 
Ri 

cfs 

DSR 
DCD 



75150-P 



OTR 2 



S +12V 
1A 1Y 
2A 2Y 
GNO -12V 
U6 



3T 


4T 


2T 


1Y 


4A 


2Y 


1A 


3Y 


2A 


4Y 


3A 


RI 








U3 



S ♦12V 
1A 1Y 
2A 2Y 
GNO -12V 
U5 
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(D 
CO 



^ fi> 



o 



MAIN 



INITIALIZE 




SHOW 
STATUS 




PROCESS 
COMMAND 




TRANSMIT STATE 
MACHINE 
































1 






1 




1 












C0NVIG_510 




INIT_INT_HANDLER 




CHK 
WAIT 




ASMB 
PKT 




STATE 
PROCESSOR 





CHK 
PKTS 



RECEIVE STATE 
MACHINE 



WAIT_RX 



STATE 
PROCESSOR 



CRT I/O 
ROUTINES 



INT_HANDLER 



GET.SOURCE 



510_ISR 



SH_PKT_PARAM 



ENB_INT4 



MENU 



SET_BANK 



SET_DLAB 



RESET_DUB 



RST_510 



MSK_1NT4 
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iinclude "C \ftp\ftp def" 








#include "C \lc\«cntl h" 








«include "C \Ic\stdltb h" 








«include "C \lc\stdio h" 






5 








/ *«* 




«**««/ 








SEPTEMBER 1986 


•***«/ 




8 


/ «** 




***«*/ 






/««« 


82510 XMODEM IMPLEMENTATION ««*«»/ 




1 0 


/*****•«««**«**«***««**«*««***«**««**«***« t ****««/ 




1 1 . 


int 


eof >false, /* 


end of file f lag * / 




1 2 


1 nt 








1 3 


int 


tirf Ig , 






1 4 


mt 








1 5 




exp pkt nuia — \ i 1 ^ 


next packet nunber expected by receiver */ 




1 6 


tnt 


pkst , 






17 




rxtocntf 


Tiitc Out counter for receiver *l 




1 8 


int 


quxtsfalsCi 






1 9 


int 


key e 0, 






20 


int 


sohcnt sO ( / * 


i of SOH characters received */ 




2 1 


int 


rxfcntxOi /* 


t of Rx FIFO Interrupts */ 




22 


int 


c c r cn t » 0 ( / * 


« of Ctl-Char. Interrupts */ 




23 


int 


ti^state »ti_idle, /* 


Transaitter State Variable */ 




2 4 


int 


r«_state = ri_idle, /* 


Receiver State Variable *l 




2 S 


int 


tx_ci»d « inactive, /* 


Indicates a Valid Ti Command was given */ 




2i 


int 


ri_cmd s inactive; /* 


Indicates a valid Rx Command .was issued */ 




2 7 












1* File 


to be Transmitted */ 






?« 


chat 


ti_t 1 Ie_nameC40 3 « " 






30 










31 


/* File 


to be Received */ 






32 


char 


rK_f I le_namet40] = " 






3 3 










34 


int 


send_ccr_req « inactive 


/* Flag - Request to Tx Ctl-Char */ 






int 


intvec «0, 


1* contains the GIR vector */ 




36 


int 


I , 








char 


txdata C1321, 


/* Ts Buffer */ 






char 


rxbuf [128], 


/* Rx Buffer */ 




39 


char 


rxdata [1313, 






40 


char 


rx_{_buf t32O003, 


/* Rx File Stored in this buffer */ 
















/*«*««*« 










/*«« t« 


state variables *««««/ 








/«*««««« 


*t*«* *«***«*«««******/ 






45 


int 


tx^mdx, 


/* Pointer to the next character in the 




46 






buffer */ 




47 










48 


struct 


packet { 






49 




char head, 






SO 




char pack^num. 






SI 




char pack_cmpl , 






52 




char buffer C128], 




53 




char chksm. 






54 


} , 








55 










Zi 


struct packet rxpack, txpack, 






57 
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*««» ti St»tt mtchina tnd intttrupt «»»«»t/ 

*««• handltr fitgs tntttt/ 



«* tin and ti fifo **/ 

nt ti_req sO, /* Flag - indicatis a raqusft for tranimission to 

82310 Interrupt Handltr •/ 
nt ccr_to_ti 2. 0, /• Actual Ctl-char to Traniait */ 

nt ti_bytt_cnt «0, /* Total t of Bytt« Traniaitttd »/ 

nt pktf.stnt »0, /* • of Packttf sent */ 

*« Tmtr »«/ 

nt ti_tim*_cnt -0, /* Traninitttr Timir Counttr «/ 



*» CCR 

nt git_ccr_rq «0, 

nt ccr_to_get »0, 



I* Flag - Request to Receive Ct 1 -char act er */ 
/* Received Ctl-char value */ 



nt 



** 

RX STATE VARIABLES «« 

*t 
*« 

**)(********««****««*«******«*********«***«********* 

pk.chksn, /* Calculated Chksun */ 

eot_cnt «0. /« « of EOTf Received «/ 

bad_pkt_cnt, /* t of Bad Packets Received */ 



«*«» ri state machine and Interrupt «**««/ 

*»•« handler flags ««**»/ 

**********tk***«****««*e««***«***««ft***«*««****«*«**/ 



»* ri fifo «*/ 

nt ri_byte_cnt »0 , 

«* CCR ««/ 

nt ctl_rid_flg =0; 

nt ri_ct l_chr «0 , 

«« Timer «*/ 

nt ri_time_cnt =0, 



of Bytes Received 



/* Flag-Indicat ing that a Ctl-Char has been 

receivd*/ 
/* Actual Ctl-char received *l 



/* Receive Timer Count */ 
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106 
107 



108 






MAIN ROUTINE 




**« / 


109 




no 












lU 


mam () 








112 


{ 










113 


int 




q.tif I .rifl , 






114 


tnt 




rval , V sO , 






115 


int 




end s 0 , 






1 U 


int 




wn_st«tuf bO, 






117. 


int 




• codt* r 0, 






1 1 8 


FILE 


•fp. 






119. 


FILE 


*ri£p , 






120 


mt 




rwst , 






121 


int 




west , 






122. 


int 




reti_cnt =0, 


/« 


Rttr&nsmit count */ 


123 


int 




tocnt bO, 


1* 


Time Out Count */ 


124 


int 




ti_5ecs , ri_5ec5 , 






125 


int 




i,s, Ipcnt « 0, 






Hi 












127 




CLR 


< ) , 


1* 


Clear Screen */ 


128 




MV_CURS (so_r,so_c), 


1* 


Sign On Message */ 


129 




printf (si); 






130 




ini t 


( ) , 


/* 


Initialise 82510 and Variables 


131 




MENU 


( ) . 


/« 


Print Menu */ 


132 




enbint4 (), 


/* 


Enable Interrupts in e2S9A */ 


133 




outp 


( ipOO , eoi ) 1 


1* 


issue EOI */ 


134 




outp 


(<bpa;-^3) ,0i22> , 


1* 


start timer B */ 


135 




Ipcnt sO, 


1* 


Keeps Track of tt of Loops «/ 



136. 

137 /********** «**«**« ******««*«*«********t««*t*««****«/ 

138 /*«* mam while loop *««»/ 

139 /«***«** **t««*«*«t**«**ft««*****«* **«***«««««***«•**/ 

140 while (quit>sf alse) 

141 { 
142 

143 /***«*« **«««*****«**«*«****«*««« ******/ 

144 /** display protocol parameters **/ 

146. 

147. ++ Ipcnt; 

148 m»_curs <4,30), 

149 printf ("loop I » %u", Ipcnt), 

150 mv_curfi (4,50), 

151 printf ("ri int cnt s %u",rifcnt), 
152. mv_curs (5,50), 

153 printf ("ccr mt cnt = *u",ccrcnt); 

154 mv_curs (4,1), 

155 printf ("interrupt vector s %u \n", intvec), 

156 q * inp (bpa+4) , * , 

157 tifl s q & 0i07, 
158. mv_curs (5,1), 

159 printf ("TX FIFO = %u ",tifl>, 

160 q » mp (bpa'f 4) , 

161 rifl s q & 0i70; 

162 mv_curs (6,1), 

163. printf ("RX FIFO » %u Vn" , r if I / 1 6 ) , 

164 mv_curs (6,50), 

165. prmtf ("SOH count » %3u" , sohcnt ) , 
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166 


mv_curs (7,1), 






167 


printf ("bytis rtctivtd %3u" , ii_by t i_cnt ) , 






168 


Bv_curf (7,30), 






169 


printf ("Bytif Stnt ■ *3u" , ti_by tt.cnt ) . 






170 


■»_curi (7,50), 






171 


printf ("EOT count %3u", tot.cnt), 






172 


«v_curf (5,30), 






173. 


pcintf ("pktf rid ■ %3u" , ( tip.pkt.num- 1 ) ) , 






174 


m»_curi (6,30), 






175 


printf ("pkti ttnt ■ %3ii", pkti_iint), 






176 


ti_itcs « ti_tiBt_cnt/200, 






177 


ri_itci ■ ri_tiB§_cnt/200, 






178 


opan.wind (3,l."Ti Tlmtr"); 






17?. 


printf (" ■ %2u »tcf " , ti_f ici ) , 






180 


op«n_wind (3,50, "Ri TiBtr"), 






181 


printf (" > %2u ttcs" , ri_ticf ) , 






182 


Bv_curf (8,1), 






183 


printf ("Bad Packttf Rid ■ %3u" , btd_pkt_cnt ) , 






184 


Bv_curi ( 8,30), 






185 


printf ("• of R»Ti packets ■ *3«" , r tti_cnt ) ; 






186 








187. 


/* If Command Isiu*d then proctts tht Command */ 






188 


tf ((koy sfcbhitO) > 0) 






189 


quit a proceig_cmd (). 






190 








191 


else 






192 


{ 






193 








194 








195 


/«•««* Process Ti STATE MACHINE «»***/ 






196 


/***«* revision 0 t»t»«/ 






197 


/*«*** ***** 1 






198. 


I********************************** ********* *************! 






199 








200 


switch (t«_statt) { 






201 


case ti^idle: 






202 








203 


(********************************************************! 






204 


1**** *****/ 






20S 


/«•** TRANSMITTER IDLE STATE *****/ 






206 


/**«« *****! 






207 


/***« Checks for a Send Ctl-Char *****i 






208 


/«•«* Checks for the Transmit Command *****! 






209 


1**** 1I1I««K/ 






210 


/***« *****! 






211 


1*************************************** *****************! 






212 








213 








214 


1* If Control Character to be Transmitted Then Transmit the 






215 


Control Character by setting the Ti_req Flag and enabling 






216 


the TiM and Ti FIFO interrupts «/ 






217 








218 


If ( (send_ccr_req «» active) S& ('ts_req)) 






219 


{ 






220 


ti_req -ctl^chr, 






221 


tH_i_enb (), 






222 


while ( ti_req>0), 






223 


ti_i_dis (>; 






224 


send_ccr_req>inact ive , 






225 


) 
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Hi 


/* If the Transmit Command is issutd then Wait for a NAK */ 




227. 


If (tx.cmd «> active) 




226 


{ 




22? 


ti_cmd B inactive: 




230 


get_ccr_rq *activei 




231 


t««time_cnt »200«60, /« 60 sec. Time Out «/ 




232. 


tx.state > wait.NAX; 




233. 


) 




234 


break ; 




235 






236. 


case wait.NAK . /* Waiting for a MAX character to begin Ti •/ 




237 






238 


/********« »«****«*tk**lk**ft*lt**«1t*i»********«***)l*tk****ft***«/ 




23? 


/*•*« TRANSMITTER WAITING FOR A NAK TO BEGIN ««««»/ 




240 


/»««» TRANSMISSION «*«»»/ 




241 


/*««* *«***/ 




242. 


/«*** Checks For Time Out «««««/ 




243 


/««** or NAK Received «»««»/ 




244 


/*lk«*****««**«**«««*«**«***«**««ft«***lt«***««*****«t***«**/ 




245 






246 


wn_statU8 « check_wait (), /« Time Out or NAK Rcvd' */ 




247 


switch <wn_statu8) { 




248 






24? 


case time_out /• If Time Out then Abort 




250 


Transmission */ 




251 . 


ti_state -ti^idle, 




252 


beep (>, 




253 


prmsg ("Time OUT ! '. • ' receiver not ready"); 




254 


cll <ti_r, ti_c), 




255 


open_wind ( ti_r , ti_c , "NONE" ) , 




256 


break, 




257 






258 


case waiting /* if no Time Out and no NAK 




25? 


rcvd then do nothing */ 




260 


break, 




261 






262 


case ri.NAK 




263 


/* If NAK received then Open 




264 


file and advance to 




265 


Transmit Packet State */ 




266 






267 


fp sfopen ( ti_f i le^name , "rb" ); 




268 


If (fps> NULL) 




26? 


{ 




270. 


beep ()i 




271 


prmsg ("ERROR M! file does not ciist"); 




272 


cll (tx_r,ti_c>i 




273 


open_wind (ti_r,ti_c, "none"); 




274 


tK_sTate *ti_Tdle; 




275 


} 




276 


else 




277 


{ 




278 


tt_state ■ t«_rdy, 




27?. 


tirflg > mkpkt; /* First task for Ts 




280. 


IS to Prepare Packet */ 




281 


wn^status « 0; /* Reset Wait_NAK Flag */ 




282. 


} 




283 


break, 




284 


) 




285. 


break;/* end wait nak */ 
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286. 


ctii ti_rdy 






287 




288 


/••«• TANSMITTER READY TO TRANSMIT 




«««t* / 


289 . 


/«*** thrta stagtt of 


traniaiiiion «**tft/ 


2?0 . 


/«**« prtp«rt paekat »»««»/ 


291 


Int Handltr 


TraniBitting •«***/ 


292 


/*••« or rttrtnsBit toqutft •»»««/ 


293 . 








294 








295 


/* Any Control Characttr To Trantait? */ 


29i . 


if ( ( ftnd.ecr.roq ■> aetivi) tt 


(ti_raq..O) ) 


297 


ta_rtq -ctl^chr, 






298 . 








299 


/* Which Stagt of tranimitiion 


?«/ 




300 


twitch (tirflq) 






301 


( 






302 


cait akpkt 


/• 


Prapara Packat */ 


303. 


if <ti_rtq«-0> 






304 


{ 






305 


aimbpkt (pkti.iant . f p) , 


1* 


Afsaabla Packat •/ 


30i 


cpy2buf Oi 






307 


ti_rtq -pkti 


1* 


Raqtiast Int. Handlar 


308 






to Ti data in buffar *f 


309 


txrfig ■ttatq; 


1* 


Start Transaission */ 


310 


ti.indi >0, 






311 


ti_i_tnb (), 


1* 


Enabla TiM and Ti FIFO 


312 






Intarrupti */ 


313. 








314. 


) 






315 


braak, 






316 . 


cast tiBtq . 






317 


if <ti_rtq «■ 0) 


1* 


Intarrupt Handlar Rasats 


318 






this flag to 0. whan 132 


319 . 






bytas ara transaitted */ 


320 


t 






321 . 


ti^indi «0, 






322 


pnaig ("paektt traniaitted") 




323 . 


gtt_ccr_rq »acti?t, 


/* 


Watt for ACK or NAK */ 


324 


ti_tiB«_cnt . 200«10, 


/« 


10 sac Tiaa Out *l 


325 


ti_ftatt « wait^CC; 


/* 


Wait for ctl Character */ 


326 . 


tirflg -Bkpkti 






327 




/* 


DiiabIa TiM and Tx FIFO 


328 






Interrupts */ 


329 


) 






330 


tift 


/* 


Ti^raq not rasat than 


331 


prasg ("ttansaitting") , 




still transaitting */ 


332. 


brtak, 






333 


cast rati 


/« 


Tha Ratransait raquast is 


334 ' 






issued by tha Wait _CC 


335 






state */ 


336 


outp( (bpa-»'6) 1 tian) , 


/* 


enabla tia, flush ti fifo 


337 






& tia **/ 


338. 


ti_raq » pkt ; 


/« 


transait Packet, pkt m 


339 






buffer */ 


340. 


tirflg Btiatg; 


/* 


nait task - RaTransait */ 


341 


ti_i_anb (); 


A* 


Enabla TiM and Ti FIFO 


342 






Interrupts 


343 


braak; 






344. 


) 






345 


braak; /* End ti rdy caia */ 
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346. 


caff w*it_CC 




347. /* 




348. / 




•**«*/ 


34?. 1* 


Tr«ntmitttr Statt • Viiting For Ctl Char 


»••*«/ 


350. t* 




*«**«/ 


351 /« 


*** NAK - raqutitf tatiantBistion 


*•««*/ 


352. /« 


*«« ACK - TraniBit Niit Packtt 


11****1 


353. /« 




*****/ 


354. /< 




*****/ 


355 /« 




356 






357. 


west « chftck^wait (), 


1* Check for ont of tht 


358 




Following tvtnts 


359 




Timt Out 


360 




NAK Rtcpivtd 


361 . 




ACK Rtctivtd 


362. 




or Still Waiting */ 


363 


fwitch (wcft) 




364. 


{ 




365 


cast tiBs^out - 




366. 






367 




1* If Timt Out, thtn rtstart 


368 




Ts Timtr Abort if Timt 


369 




Out count IS grtattr than 


370 




ttn «/ 


371 


If (tocnt >10> 




372 


{ 




373 


west sOi 




374 


abott.ti (), 




375 


prmsg ("raceivtr not rtsponding" ) , 


376 


) 




377 


• is* 




378 


{ 




379 


♦ •t-tocnt , 


/« Inc Timt Out Count */ 


380 


ti_ti«§_cnt b200*10, 




381 


) 




382 






383 


biaak, 




384 






385 


cast waiting 


/* if waiting, do nothing •/ 


386 


brtak. 




387 






388 


cast ri_NAK 


/* If NAK or Corrupttd 


389 




ctl-char rtctivtd */ 


390 


cast ri.gtn 




391 


prmsg C'NAK rtctivtd"); 




392. 


If (rtti_cnt >10) 


/* aort than 10 atttmpts, 


393 




thtn Abort*/ 


394. 


{ 




395 


reticent «0; 




396 


tocnt sO; 




397. 


abort_t» <)j 




398. 


prmsg ("Bad link transmission 


aborttd"); 


399 


) 
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400 


tilt 


/* If Retransmit Count Not 




401 




eiceeded then go back to 




402 




Transmit stage - task is 




403 




retransmit */ 




404 


{ 






405 


tirflg -rtti. 






406 


+♦ reti_cnt , 






407 


ti_st«tf »ti_rdy, 






408 


) 






409 


brttk, 






410 








411 . 


cut ri_ACK' 


/* ACK Received*/ 




412 


prmig ("ACK rtciivtd"), 






413 


r«ti_cnt«0 , 






414 


tocnt > 0, 






415 


♦ •t>plctf_f ftnt , 






416 . 


pcintf ("pkts.ftnt > %3u", pkts_ftnt); 




417 


if (cof «3falft) 


/* If more data to transmit 




418 




then retrun to mkpkt 




41? 




stage and ti new pkt */ 




420 


{ 






421 


tsrflg smkpkt, 






422 


ti_st»te «ti_t<ly, 






423 


} 






424 


cist 






425 


{ 






426 


prmsg ("stnding EOT"), 


/* if end of file , then 




427 




send EOT */ 




428 


ccr_to_ti = EOT, 






429 


ti_rtq »ctl_chr, 






430 


ti_j_tnb (), 






431 


whilt (ti_rtq >B 0>, 


/* wait for Int Handler 




432 




to reset flag */ 




433 


ti_x_dis (), 






434 


gtt_ccr_tq sactxvt, 


/« wait for Ack */ 




435 


whxlt (get_ccr_rq ■«*ctivt), 






436 . 


prmsg <"EOT acknowl tdgcmtnt 


received" ) , 




437 


if (ccr_to_gtt =■ ACK) 


/* ACK rid . Close File */ 




438 


{ 






439 


I s f close ( f p) , 






440 


»bort_ti( ) , 






441 


prnsg ("file transmission 


complete" ) , 




442 


} 






443 


ti_state =t«_idlt, 


/« Return to Idle */ 




444 


) 






445 


break , 






446 


} /* /end wait_cc case */ 






447 


break; 






448 


} /* end switch ti state */ 
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449 


'*** 


** 






450 




t» 


Process R« STATE MACHINE _ •«*«*/ 




451 


'*** 




revision 0 «««««/ 




452 . 




i* 


***•«/ 




4 5 3 


/»»«< 






454 






switch (ri stdte) 




455 






{ 




456 






cAse rx idle 




457 






/**•**«*****«*«««*««««*** **A****«*t*«***««***««***«* **«**/ 




45S 






/ •*•« *t***/ 




a'n 






I**** RECEIVER IDLE itttii*/ 










/**ftt *«*itt/ 










/«*** waits for user coBmknd 




462 






/*«** before sending NAKs ***«*/ 










/«*«« *«*««/ 










**«**/ 




4 65 






/*tk**«******«**iltlt**************«ft****)t«««*«*««**]k*««****«/ 




466 










467 






if (rB end active) If receive Conmnd -is issued 




4 6 8 






then start Ri tiser and change 




469 






Receiver state to ready */ 




4 7 0 






{ 




471 






ri state ^ ri rdyi 




4 7 2 






rx time cnt b200*10i 




473 






rx CDd — inactive^ 




474 






} 




47 5 






break. 




476 










47 7 






case ri rdy 




478 






/•**«**«**«*«**«**«*««**««**«*#**«**«*******«**«**«******/ 




479 






/«««« ««««*/ 




480 






/ft*** RECEIVER READY *«***/ 




481 






/**** sends NAK upon Tme Out *****/ 




482 






/**«* or checks for SOH »««««/ 




483 






/**** or 'EOT ctl-char **[***/ 




484 










485 






/»*** ***«*/ 




486 






/***«*«** ************************ ************** **«***««**/ 




487 










^11 






rirfig swait_ri (), /* Checks Ri Timer and returns - 










Time Out if eipired 




490 






waiting if not expired 










SOH if SOH ccr received 










EOT if EOT ccr received */ 










switch (rxrfig) 




494 






t 




495 






case waiting /* If waiting then do nothing */ 




496 






break, 




497 










498 






case SOH /* If SOH received, then go into 




499 






data reception mode and change Rx 




500 






Timer count to 4 sees */ 




501 






++ sohcnt , 




502 






rx_state arx_pkt, 




503. 






rx_time_cnt ■200*4, /* four second time out */ 




504 






rxtocnt sO, 




505 






break. 




506 


















231928-46 



82510 XMODEM Implementation (Continued) 



2-236 




AP-401 



PACE 10 


MAIN PROCRAH (tp c 82510 XMODEM 




507 


ciBt tint out /* if tiA* t 4 t th d t f 




508 


■t i»t_ou p»cktT*r«ctpt ion thtn stHd'sAK «/ 




509 


if (( tip pkt nuB ■■!) t( (ii bytt ent saQ)) 




510 


{ 




51 1 






512 


if (t#nd cci ct<| ■■intctivt) 




5 1 3 


{ 




514 


ccr_to_ti aNAK, 




515 


sind_ccr_rt<| ■activti 




5U 


) 




517 


) 




518 


ri_ti«t_cnt «200*10, 




519 


bttak, 




520 






521 


ott EOT /* If End Of Tiit rcvd, 




522 


and data icvd than 




523 


itnd ACK and lata all 




524 


packatt Ttcaivad in 




525 


fiU */ 




52« 


+♦ tot_cnt 1 




527 


op«n_wind (22, 50, "End of Ttit"), 




528 


if (iip_pkt_nua >1) 




529 


{ 




530 


if (stnd_ccr_r«q inactivt) /* Stnd ACK */ 




531 


( •and_cci_taq sactivt, 




532 


ccr_to_ti »ACK, 




533 


1 




534 


ri_ftate ■ti_idl*i /* Rtctivar Raturni to 




535 


Idia */ 




536 


craatt f i la */ 




537 


tafp >fopan ( ti_f i la_nana . "ab'f " ) , 




538 


rwst sfwritt (&ti_f_buf CO] , 128 , eip_pkt_nuB-l , rif p) , 




539 


if (rwst (1) 




540 


{ 




541 


pmag ("Vriti file trior 




542 


printf ("trror ■ %4u" > ( rwi t sf tr t or ( ri f p ) > ) < 




543 


) 




544 


rval xfclost (rifp), 




545 


If (rval >«0) 




546 


prBS0 ("flit racaivtd"), 




547 


alst 




548 


pmtg ("Error in clocing filt "), 




549 






550 


} 




551 


br eak , 




552 


) 




553 


br tak , 










555 


/* PA*/ 




556 


cast ri_pkt /* Packtt rtctption */ 




557 






558 


/***« ****«/ 




559 


/»•*« RECEIVE PACKET STATE »*«•«/ 




560 


/t*** *«***/ 




561 


/*«** chtcks for TiBt Out ««t**/ 




562 


/**«* or 131 bytts rtctivtd »»*««/ 




563 


/«*** which signals the and of packtt ««*««/ 




564 


/tk*t* ****«/ 




565 


/***««t*«***«*«*****lt*«****«*tt*****«*****«***«*««******«/ 




566 
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567 




If valid Ri Tine Out , i t no daita r€cciv*d fot 4 stes thtn 




568 . 




chtck Ri FIFO for chirtcteri and lead if any availablf */ 




569 




< ( r x_t in«__cnt s«0) (ti^bytt^cnt <131)) 




570 


J 






571 




rxfl at ((inp (bpa ^'4) & 0x70)/ OilO); /* chtck Ri FIFO 




572 




LtTtl */ 




573 . 




11 (irxtocnt /s 10/ cs (riii \sD}; it sort tnan 




574 




10 atttsptf 




575 




and no data 




576 




thtn abort 




577 




t r antBi t ' / 




578 








579 




ri_statt srx^idltt 




580 




prssQ (** Rtctivtr Tint Outi no DATA " ) i 




581 




ritocnt *0| 




582 








583 . 








584 




tist 




585 . 




/* othtrwist rtstart Ri Tmtri and rtad data froB 510 




586 








587 




It vrxii 's v ) 1 " ni titu itTti / u */ 




588 








589 




r« f ISA M«ft -9nfl*i( 

ii_ii«t^cni >zuu"3« 




590 




rxii > \ \ inp \ Dpa -thi & uxfU/fvBiu;i 




591 




wn 1 1 1 iriii'su/ '"nisQ iron ritu '/ 




592 








593 




rxdata C rx_by t t^cnt 3 » inp (bpa), 




594 




rx_bytt_cnti 




595 




rxfcnt, 




596 




rxfl, 




597 




) 




598 




rxtocnt s 0, 




599 




} 




600 . 




elst 




601 




( 




602 




++ rxtocnt, /« inc. rtetivt TimtOut 




603 




rx_ti«t_cnt «200*4i Count *l 




604 




} 




605 




} 




606 


) 






607 


cist 




608 


{ 






609 




If (rx_bytt_cnt «« 131) /« Packtt Rtctivtd */ 




610 . 




{ 




61 1 




rx_bytt_cnt =0, 




612 




rxtocnt «0, 




613 




pkst »chkpkt <txp_pkt_num); /« Chtck Packtt «/ 




614. 




/* rtturns EOK if Packtt 




615. 




, without trrors */ 




616 


/• PA»/ 






617 




If ((pkst «- tok) i! (pkst sBtold)) 




618 




{ 




619 




prasg ("sending ACK">; 




620 




for (i>0, i<128, I**) 




621 




rxbuf Cil > rxdata [1^23; 




622 




/** writt packtt to bufftr **/ 




623 




If (pkst >>tok) 




624 




{ 




625 




/* copy to nam f i It 




626 




bufftr */ 
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627. 




b«f_cpy ( tip_pkt_num> , 




ilB 




♦+ •ip_pkl_num, 




«29. 




} 




i30 




• 1st 




431 




ptntg ("old ptckat r tt r anisi t tid" ) , 




«32 




) 




(33 








434. 




• Ut 




43S 




•h_pkt_p«iaa (), /* If arror than show 




«3« 




packat ii chksuB and 




637 




packtt eoBpItaant */ 




63a 




ri_statt ■ ri_tdy, 




639 




askint4 (), /* Enabla Ctl-Chr int*/ 




640 




stt.bank (00) i 




641 




outp ((bpa*l)i(inp(bpa4^1>;ccian)), 




642 




sat.bank (01), 




643 




•nbint4 (). 




644 




stnd_ccr_rtq ■actift, /« Send ACK 




645 




ccr_to_ti »ACK, 




646 








647 




) 




648 








649 




J 




650 




btaak, 




651 








652 




} /** and switch ri state **/ 




653 








654 








655. 


) 


/* and alsa */ 




656 








657 


) /* 


and whi la qu i t * / 




650 








659 


rit510 ( ) , /« rsstt 82510 */ 




660 


outp 


((bpa * 1),00), /* disable 82510 interrupts 




661 








662 . 








663 


cad B 


Olio, /* disable 8259A interrupt */ 




664 . 


vs inp 


(0s21), /* 00010000 *l 




665 


cmd ■ 


( V ! end ) , 




666 


out p 


(0i21 ,cmd) , 




667 


clr <) , 




668. 


tcodf 


* 0, 




669 


_«iit 


(ecode) ; 




670 








671 


}/* tnd Bain */ 




672 
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674. ritSlO () 






(75 /•«*«**«*«*««*****««*«*««#«****««««««******«****«**« 


!**««/ 




(74 , /«tt* 


«***/ 




677 /*•** RESET 82510 to default w«kf op modt 


k*«** / 




(79 /*«*« 1 


• «tk* / 




(79 /t«** 


»****/ 




(80 /«»** 


• «**/ 




(01 . /***«)t****«*«**»**it*«**«*t*****«««****«tt««***«**«*« 






AAA mmk hank <01)- 






685. outp ( (bp«-f7) ,OilO) ; 






689. mtnu () 






(90. I************************************************* 1 






(91 /** diipUys thi sanu on tho **/ 






(92 /•* scrttn. ** f 
(93. /*« «•/ 






(95 /«* **l 
(9( /«*««t**tk«*«t***««*«lt**t**«***»t««**«t****t***t***/ 

697 . { 






698 . 
699 

700 op«n_wind (1,1, "baud rttt"), 






701. printf (" » 1200 "); 






702. opon.wind (1,22, "char, sise"); 






703 printf (" ■ 8 bitt")i 






704. optn_wind (1,45 , "Parity"); 






70S printf (" ditablod"); 






706. opon_wind (1,68, "Stop Bits"): 






707. printf <" ■ 2") ; 






708 «v_curs (2,1); 






709 printf ("ator Btfsag*i "); 






710 BT_curs (10,15), 






711. printf ("<1> TRANSMIT FILE . "), 






712 OPEM^WIND ( t t.r , t i.c , "nont" ) , 






713 mv_curs (12,15); 






714 printf ("<2> RECEIVE FILE . "), 






715 OPEN_VINO (ri_r ,ri_c,"non«"), 
716. ) 
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718. 

719 init () 

720 i*ittit*tii*itii****ii*niit*timim*titii***iiiin*iiit****ii*tt**nt 
721. /*« Intialiitf Softwir* tnd Configutti **/ 

722 /** tht 82510. Alio siti up thi inttrrupt *«/ 

723 Htndltr *•/ 
724. I** **l 
725 /«« •»/ 
72* /«*tt*«««t*««»«««»«*»t«t »*t«*«»ttt*«««»»*«t/ 
727 

728. { 

72» ti_tiBt_cnt .200; 

730 ri_ti«t.cnt -2000, 

731 initptck (), 
732. elmi (); 

733 init.ih (), Stt up inttrrupt handltr •/ 

734. con(ig_510 (), /• Configurt 82510 •/ 

735 ftt_bank (01), /* Switch to Bank ont for operation 

736. 

737. ) 

738. initpack () 

739 /«««**«*«««t««t«**«*«««*«**«*ii«t**ii«t«*«*«)it*«*tt«*/ 

740 /** ««/ 

741 /«« Intialiitf Ti Bufftr to NULi **/ 

742 /«« «»/ 
743. /t*««ittii«tit«it*««««*«*t*«iiii******t««*t«*«)i«ft«**«**t/ 
744 

745. C 

746. int i, 
747 

748. tipack htad > SOH, 

749 ripack.htad >SOH, 

750. tipack pack_num bO. 

751. ripaek . pack_nus bO; 

752 tipack paek.capl ■ 0, 

753 ripack . pack_cBpI > 0, 

754 for (i.O; i (129; i**) 

755 { 

756 ripack. bufftrCi] -NUL; 

757. tipack. buffarCil -NUL; 

758. ) 

759. tipack. chkim «0; 

760 ripack chkia aO; 

761 } 
762. 

763. anbint4 () 

7(4 /•«iiik**«««<i«**««**t*tR***«*ii«iiit«««*t*iift«**««***t«ft/ 

765 It* »t/ 

766. /** Enablif INT4 in tha 8259A **/ 

767. I** »«/ 
7(8 /«t«it«tt«**it««***«*ii*«««*«*tii««*t*«*«*«*««)i«*««***/ 
769. 

770 { 

771 . int int.anb « OiEF. 

772. int tr; 
773 

774. vinp (ipOl); /« 11101111 «/ 

775. int.tnb ■ (v t int.tnb); 

776. outp (ipOl,int_inb>, 
777 1 
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778 


mskint4 () 




779 




780 


/«« 


«* / 


781 


/*• M«fkt INT4 in tht 8259A **/ 


782. 


/*« 


lit / 


783 




784 


{ 




785 


int int_dif b OiEF; 




786 


Int V, 




787 






788 . 


vsinp ( ipOl ) , 


00010000 •/ 


78? 


int.dis « (V 1 OilO) ; 




790 . 


outp ( ipOl , int_dis) , 




791 


) 




792 






793 


confi9_510 <) 




794 


/«*««*«**««««*«*««»««*«*«**«************«»**»**«*«/ 


795 


/ * * 


**/ 


796 


/** Configur* tht 82510 


«« / 


797 


/«« 


*« / 


798 




799 . 


{ 




800 


int va 1 , 




801 






802 


SI t_bank (02), 




803 


val s OiOO, 


/* IMD - Ri FIFO dipth >4, auto aek, normal */ 


804 


out p < ( bpa 't' 4 ) , val), 


/* local loopback */ 


805 


val >0i78 


/* RMD - ASCII CCR, disable dpn,7n6 tanpl */ 


806 


outp ( (bpa 4^7) ,val ) , 


/* window, absolute start bit sampling */ 


807 


val sOiOO 1 


/* TMO - manual modi, 2 stop bits */ 


808 


outp ( (bpa +3 ) , val > , 


/« no 9-bit char, no s/w parity •/ 


809 


val >0i30, 


/* FMD - Ri fifo Thrftshold - 3 */ 


810 


outp ( (bpafl ) <val > , 


/* Ti fifo thrishold -0 «/ 


811 


val «0i80. 


/* RIE - Enable ri interrupts */ 


812 


outp ( (bpa-t-6) , val) , 


/« */ 


813 


set.bank (03), 


/« MODEM CONFIGURATION */ 


814 


val s OiSO, 


/* CLCF - 16X, BRGA */ 


815 


outp ((bpa), val), 


It *i 


816 


val sOidO, 


1* BBL - for Sms base */ 


817 . 


fftt„dlab (03), 


/« «/ 


818 


outp ((bpa), val), 


/« «/ 


819 


val >0ib4. 


/• «/ 


820 


outp ( (bpa-f 1 ) , val ) , 


/* BBH - for 5 ms base */ 


821 


r«set_dlab (03), 




822 


val s OiOO, 


/* BBCF - sys elk source, timer mode */ 


823 


outp ( (bpa4>3) , val ) , 


1* */ 


824 


val <:0x02, 


in TMIE - Timer B interrupt enable */ , 


825 


outp ( ( bpa-t-6 ) , val ) , 


/« *l 


826 


stt„bank (00), 


1* BANK 0 FOR GENERAL CONFIG */ 


827 


val sblkenb, 


/« GER - enable timer, ri, CCR */ 


828 


outp ( (bpa-i-1 > , val ) , 


/* block interrupts */ 


829 . 


val - 0i07, 


/* LCR - disable parity, 8 bit char */ 


830 


outp ( (bpatS) , val ) , 


/* «/ 


831 


fct.dlab (00), 


/« *l 


832 


val * OiEO, 


I* BRGA divisor >01E0H for 1200 «/ 


833 


outp (bpa, val); 




834 


val « OiOl, 




835. 


outp ( ( bpa-»^l ) , val ) ; 




836 . 


rfset.dlab (00)i 




837 


) 
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B38 itt.dUb (bank) 

B39 /*ttt«t«*«tt«tt«*<t«t«««««t««t«««««««ii*«tt«««t*t*««/ 




840 /«« *»/ 
841. /«« S«t DLAB bit to allow acctif to **/ 
842 Divifor Rtgiitari **/ 




843. /•« «*/ 

844. /*««*«ii««*t***t**«**«*****iiitiit««it««*t«***i»*«*«««*«/ 




84& int bank. 
847. { 




848. int inval, 

849. itt.bank (00). 

850 inval * inp(bpa 43) : 

851 inval -inval 1 0i80; /* fat dlab in LCR*/ 

852 outp ( ( bpa4'3 ) , inva 1 ) ; 
853. ftt.bank (bank); 




856 raiat.dlab (bank) 

858 /** **/ 
85?. M« Ratat OLAB bit of LCR **/ 
860. /*« **/ 
86 1 /**« ft** «*«****«*««* ft *ttft*« nit* 




863. int bank. 

864. ( 




865. int inval; 
866 lat.bank (00) ; 
867. inval > inp(bpa ^3); 

868 inval > (inval & 0i7f); /* dlab « 0 in LCR*/ 

869 outp ( (bpaf3) , inval ) ; 

870 att.bank (bank); 

871 . } 
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672 




***********************/ 




873 




*****/ 




874. 


/«*«« 82510 interrupt service routine «*«««/ 




875 


It*** 


*****! 




876 


/»**« 82510 Interrupt sources 


*****! 




877 


/«*•• TiM 


TX FIFO *****! 




878. 


1**** CCR 


RX FIFO *****! 




879. 


/»««« 


TIMER B *****! 




880 


1**** 


*****/ 




881 


/**** Identifies «nd services the 


82510 interrupt «««««/ 




882 


/*«*« source requesting service. 


*****! 




883 


/«t«« 


*****! 




884 


1**** 


*****/ 




885 


/**********************************************************( 




886 








887 


isr_510 () 






888 


{ 






889 


int source , 






890 


int cmd_b, 






891 


mt st_b, 






892 . 


mt I , 






893 


int ct I c , 






894 


int figs, 






895 


int girval, 


1* Stores Temp Value of CIR */ 




896 


mt riflvl, 






897 . 


int ti_ch*r, 






898 








899 


girval sinp (bpa-f2) , 


Save Bank register in temp. 




900 




location */ 




901 


outp ( (bpa-i-2} ,0i20) 






902 


source e ge tsrc ( ) , 


f* Get Vector From GIR 123 «/ 




903 


tntvec 'Source, 






904 


switch (source) { 


Service the Source */ 




90S 








906 


c«se timer 






907 


I*************** ******* **********************************! 




908. 




***** I 




909 


1**** TIMER SERVICE ROUTINE 


*****! 




910 


/***« decrements ti 


counter *««««/ 




911 


/**** decrements rs 


counter *****/ 




912 








913 


1********************************************************1 




914 










st_b s inp (bpa'»3). 


1* Decrement Transmit Counter */ 




916 


If (ti_time_cnt >0) 






917 


tK_time_cnt »ti_time_cnt 


- 1 , 




918 


if (ri_time_cnt >0) 


/* Decrement Receive Counter «/ 




919 


rx_time_cnt ■ri_time_cnt 


- 1, 




920 


cmd_b = 0i22, 






921 


outp ( < bpa+d ) , cmd_b ), 


/* restart timer */ 




922 


outp ( (bpa-^7) ,0i08) ; 


/* manual ack */ 




923 


break, 
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924 


cat e 


925 


cast 


926 


/ it«t* 


927 


/ **«« 


928 


/ ft *« » 


929 


/ **«* 


930 


/***« 


931 


/ «ittt 


932 


/«««« 


933 


/ 


934 


/*«*« 


935 




936 




937 




938 




939 




940 




941 




942 




943 




944 




945 




946 




947 




948 




949 




950 




951 




952 




953 




954 




955 




956 




957 




958 




959 




960 




961 . 




962 




963 




964 




965 




966 




967 




968 




969 


0 


970 


break 


971 





TRANSMITTER SERVICE ROUTINE 

tranimitf Four characttrs 
and rtftts ti_raq flag whtn 
whole packet transmitted 



««*/ 
*t«/ 
*«* / 

UK* I 
*•»/ 
«•!/ 
*** f 
««*/ 



If (ti_req >0) 

{ 

if <ti_req «= pkt) 
{ 

for (1 >0 ; i<4 



/* If data to tend •/ 

/* request to send Packet */ 



{ 



tK_char « tKdata Ci + ti^indi], 
outp (bpa , ti.char ) , 



ti_indi +»4, 
ti_byte_cnt +«4, 



If (t«_indi >«132) 
t»_req ■ 0, 



/• If 132 char sent then •/ 
/* reset Ti request */ 



} 

else 



} 

else 



If (ti_req a=ctl_chr) I* it ctl char transmission 

requested , then transmit the 
char in ccr_to_t« */ 

outp (bpa, ccr^to_ti), 
ti_req *0, 



/* If no data to transmit */ 

/* then disable ti interrupts */ 

set.bank (00), 

outp ((bpa-^1), (inp(bpa) (tiidb)), 
set.bank (01), 



/* issue manual acknowledge */ 
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972. 


can 


t ccr 






973. 


/• 






974. 


/«< 




*•***/ 




975. 


/« 


»t« Control 


Character Sorvict Routtno *t*«t/ 




976. 


/«< 




it«t«*/ 




977. 


/* 




if control char > NAK or ACK **t««/ 




978. 


/*« 




infors tranimitttr «**««/ 




979. 


/«< 




if SOH or EOT *«*«*/ 




980 


/«« 




inform rtcotrtr ««t««/ 




981 . 


/•< 






982 










983. 




-f ecrcnt , 




984 




f lg« 


ainp (bpa /* rtad RST rtgiitir to ttrvict 




985. 






RxH inttrrupt */ 




98«. 




figs 


• inp (bpa'fl), 




987. 




ctlc 


«inp (bpa); 




988. 




if (<flgs & OiFF) sB0t48) /* if no trtori and ctl. char */ 




989. 




{ 


/* thtn proctff control char. */ 




990. 






/* and ftnd to ti or ri itatt */ 




991 




twitch (ctlc) 




992 . 




{ 






993 




cato NAK 




994 




cast ACX- 




995. 






if <gtt_ccr_rq •« activo) 




994. 






( /« inform tranimittor that 




997. 






ctl. char, roctivtd */ 




998. 






gtt.ccr_rq «inactivt; 




999. 






ccr_to_g§t -ctlc; 




1000. 






) 




1001 . 










1002. 






break; 




1003 










1004. 






catt SOH: 




1005. 






cait EOT: 




1006. 






if (ctlc >>SOH) /« if SOH disablo CCR int. */ 




1007. 






{ 




1008. 






tot.bank (00), 




1009 . 






outp ( (bpa<f 1 ) , ( inp(bpa4-l >& ccidb)); 




1010. 






itt.bank (01); 




1011 . 






J 




1012. 






if (ri^ftato ri_rdy) /« if roctivtr waiting for 




1013. 






SOH and rtady to rev 




1014 






thfn inform rtciivor of 




1015 






a valid ctl. char. */ 




lOU. 






{ 




1017. 






ctl_rid_flg >activt, 




1018 






ri_ctl_chr »ctlc; 




1019 






) 




1020. 










1021 . 






braak, 




1022. 










1023. 










1024 




) 






1025 . 




) 






1026 




outp 


( (bpat?) ,0t08) ; /• issao manual ack. «/ 




1027. 


brtftk. 
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1028 


eait rif 




102? 






1030 


l*n*it •**«*/ 




1031 


/*«*« Rs FIFO SERVICE ROUTINE **««*/ 




1032 


/*««* 




1033 


/•*•* Rttdf four bytas tut**/ 




1034 


Byta Count Indicatti piektt rcvd. «««t*/ 




1033 


/««*« t«t««/ 




1036 


/*»•* «««t«/ 




1037 






1038 






103? 






1040 


1* RXF not chackad (or trroti, tinea chaekauB i* alratdy viad*/ 




1041 






1042 


ri_tiaa_cnt >200*5; /* raaat Ri Tlmar to indicata 




1043 


chtr racai?ad bafora t iaa out */ 




1044 






104S 


riflvl • ((inp ( bpa +4) & 0i70)/0il0>, 




1046 


whtia ( ridvl 1- 0) /* Chack Ri FIFO laval and raad 




1047 


data if FIFO not aapty •/ 




1048. 


{ 




104?. 


ridata Cri_byta_cnt ] > inp (bpa); 




1050 


ri_byta_cnt; 




1091 


rifcnt; 




1052 


rtflTli 




1053. 


} 




1054 


outp <(bpa4-7) ,0i08) ; /« ittua manual acknowladga */ 




1055 


braak. 




1056 


dafault 




1057. 


/* if invalid sourca than ittua a 




1058 . 


manual acknowladga •/ 




105? 


outp ((bpa-^7) ,0i08) . 




1060. 


braak; 




1061 


} 




1062 


outp ( (bpa^l ) ,girval ) i /* Rastora Original valua of Bank 




1063. 


ragittar to raturn tha 82510 to 




1064. 


original Bank */ 




1065. 






1066. 


outp (ipOO.aoi), /* ittua and of int. to 825?*/ 




1067 


) 




1068 






106? 






1070. 


Sat_bank (bank.nua) 




1071 . 


int bank_numi 




1072. 






1073. 


/**«« PROCEDURE SET.BANK «««*«/ 




1074. 


/***« twitchat 82510 ragittar bank to 




1075. 


/•**« givan valua 




1076 






1077 . 


{ 




1078. 


int port; 




107? 


int bank_rag_val , 




1080. 






1081 . 


bank_rag_val abank.nuB * 0i20, 




1082 


port « gir_addr tbpa, 




1083 


outp (port, bank_rag_val ) ; /* output valua to bank ragittar */ 




1084. 


} 




1085. 
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1086 


gttsce (> 




1087 


/*«)i*ftt«*«ti*«*ttft«*****«t««*ii**««««t««*ft**«««****ii«/ 




1088 


/«* read CIR and rtturni tht **/ 




1089 


/** source Vector ««/ 




1090 


/** «*/ 




1091 


/«* Ti»er - 05 Hei **l 




1092 


/«* Ti Machine - 04 Hex **/ 




1093 


/«« CCR - 03 Hei *«/ 




1094 


/«* Ri FIFO - 02 Hex ««/ 




1095 


/«« Tx FIFO - 01 Hex ««/ 




109« 


/«« «*/ 




1097 


/****«««)>*«*«*«««****«*«**««««*«****«*«**«****«•«*/ ^ 




1098 


% 




1099 


t 




1100 


int v,src, 




1101 






1102 


vsinp (bpa *2) , t* read CIR */ 




1103 


src s V & OxOE, /* Mask out all biti except for 




1104 


biti 1,2 and 3 */ 




UOS 


src « src/2; 




UOi 


return( src ) , 




1107 


) 




1108 






1109 


process_CBd () 




1110 


/t***********ft)t*****«*«**«*4l**«««**««**********««*1k**lt***/ 




1111 


/«««* *lt«tl*/ 




1112 


/»««« PROCESS COMMAND «»«»»/ 




1113. 


/»««« Processes User comaands «»««»/ 




1114 


/*«•* 1 - Transmit «««««/ 




1113 


/«««» 2 - Receive «»»«*/ 




1116 


/**»« » - Reset 82510 »»««»/ 




1117 


Ift* 0 - quit **«•*/ 




1118. 


/««*• r - Reinitialiic 82510 «««t«/ 




1119 


/**»« ' - system monitor «««t*/ 




1120 


/«««« 




1121 


/»«*« iit«t»/ 




1122 


/*ft**««**ft«it«ll««******«*«ll*lt««*tt*«*«***««*«ft«««««ft«ll*ftft*«/ 




1123 






1124 






112S 


{ 




1126. 


int r ; 




1127 






1128 


int escp , 




1129. 






1130 


r s getch (). 




1131 


switch (r) { 




1132. 






1133. 


case '0' 




1134 


eiflg > true; /* exit */ 




1135. 


break ; 
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1136 . 


cait '1' 




1137. 


if (ti^itatt SB tt_idlt) /* TrinsBit Comaand only 




113B 


tcctpttd if idit *l 




1139 


{ 




1140 . 


CLHS (>, 




1141 


CLL <ti_r,ti_c), 




1142 


MV^CURS (ti_r,ti_c> , 




1143 


printf ("file "); /* Get nam* of filt to Ti */ 




1144 


•ctnf «ti_f ilt_ni«*) ; 




1145 


cll (ti_r,ti_c), 




1146 


op*n_wind ( ti_r • ti_c , " t r antsi 1 1 ing" ) , 




1147 


optn_w»nd ( t «_r , t it_c + l 4 , t i_f i lt_nami ) ; 




1148 


ti.cad m actlvi, /* Activattf flag to iignal 




114? 


Tiantait idlt itatt */ 




1150 


) 




1151 


• Itt 




1152 


{ 




1153 . 


bttp (), 




1154 


prnig ( "trantmif tion in progiosi"), 




1155 


) 




1156 


brtak, 




1157 


cait '2' 




115S 


CLHS < ) , 




1159 


CLl (ri_r,ri_c), 




1160 


MV.CURS (ri_r,ti_c), 




1161 


printf ("filt "), /* Get ri file name */ 




1162 


icanf ("*•", *ri_f 1 le_name) , 




1163 


cll <ri_r,ri_c), 




1164 . 


open^wind (ri_t , ri_c, "enabled" ) ; 




1165 


open_wind < ix_r , ri_c+ 1 4 , r i_f i I*_nam* ) ; 




1166 


ri_cmd Bactive, /* Activate flag to signal 




1167 


rx state machine */ 




1168 


break, 




1169 


case '*' 




1170. 


rstSlO <), /* reset 82510 */ 




1171 


open_wind ( 24 , 30 , "device reset"); 




1172 


break; 




1173 


case 'r' 




1174 


rstSlO (), 




1175 


init (), /* reinitialiic 82510 */ 




1176 


cnbint4 (). 




1177 


beep <), 




1178 


prmsg (" 82510 reinitialised"); 




1179 


break, 




1180 


case ' < ' 




iiei . 


eicp • system ( "d - Vmicom" ) ; 




1182 


default 




1183 


BEEP (); 




1184 


prmsg ("incorrect command, reenter"), 




1185 


break. 




1186 


} 




1187 


if (esfig a» true) /* if eilt command issued, 




1188 


then quit program "/ 




1189 


return (true), 




1190 


else return (false) , 




1191 ) 


/* end of command processing */ 
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1192 asBbpkt ( pk t ■_ftnt , f p ) 

1193, /*******t**««*ii******«****««*****iitft« «-****««*«***«*)»««*«**««/ 
1194 /*« Rtads flit to b* trantmitttd and putf «*/ 

1195. /** th« data into thi proptr imodtm packtt forsat *•/ 

1196. /***t»****)i**iit*«*****«t***««t***it*««)tt«««««**«t*ftft**ft«*t«ft*/ 

1197 . 

1198. int pktt_ftnt. /* this valut is uf«d to 

1199. git thi ntit pkt • */ 

1200 FILE «fp; 

1201. { 

1202. int fua «0; 

1203 int i.blkcnt. 

1204 int It, ft, 
1205. char epkt.cpkcmp, 
120i. 

1 207 blkcnt -frtad ( S t tpack . buf f cr CO! , 128 , 1 , fp); /* rtad 128 bytti */ 
1208 if (blkcnt <1) 
1 209 ( 

1210 if ((ft'fiof (fp) ) >0 &S ! (f t-ftrror(f p) ) ) 

1211 ( 

1212 *of c true; /* if tnd of fill thtn 
1213. •ignal EOF */ 

1214 bttp (); 

1215 prntg ("EOF n ii i i i i i m "> ; 
1216. } 

1217 fise 

1218 if (ft >0) 

1219 { 

1220 beep (); 

1221 prmig ("READ ERROR m i i i i i i i i n •< ) , 

1222 ti_statt-ti_idlt; 

1223. ] 
1224 } 
1 225. 

1226 cpkt «pktf.stnt +1, 

1227. tipack . pack.num « cpkt; 

1228. cpkcnp B'ttpack pack.nua, 

1229. tipack . pack.cmpl > cpkcap; /* ont's coapUmtnt of 

1230. packtt nunbtr */ 

1231 for (i>0, I (128, i-^+) 

1232 SUB ■ sumf tipack . buf f cr t X ] ; 

1 233 txpack chksm ■> sub % 255; /* chseksun ealculattd */ 



1234 

1235. } 
1236 
1237. 

1238. cp72buf () 

1239 /*«t**«**««*it«iit«**«iitik*«*«tt*«it**/ 

1240 /** copy packtt to ti bufftr **/ 
1241. 1***************************11**1 
1 242 { 

1243. int I, 
1244. 

1245 ttdata CO: >t ipack . htad ; 

1246. tsdata tl] at ipaek , pack„nuB; 

1247. tsdataC2] -tipack . pack.cBpI ; 

1248. for (i>0; i <128; i**) 

1249 txdata ti^3] > tipack bufftr til; 

1250 tidata [131] «tipack . chksm: 
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k_wtit () 

«*«*«/ 
***** I 
*****! 
*****! 
*****! 
*****! 
*****! 
*****! 
*«***! 



chtcks Ti TiAtr, ccr_to_gtt and 
5»t_ecr_r«q »nd rtturns- 

Tiai Out - Ti Tiaar » 0 
ti_ACK - Ack ttciiftd 
ri_NAK - Ntk rtctivcd 
waiting - ti Timtt not aipttad 

*****! 

*****! 

****************************************************! 



if ( < 'ti.tima.cnt) && (get_eet_rq .«tcti»i)) 



raturn (tiB«_out), 

tlia 

if (gtt_ccr_rq inacttvt) 



/* if ti Tiatr tipirtd 
and ttill waiting 
for control charithtn 
Tiaa oat */ 



/* Ctl-Char rcvd thtn 
raturn status */ 



•witch (ccr_to_g«t) 
{ 

cast ACK . 

rtturn <ri_ACK), 

brtak, 

case NAK 

raturn (ri_NAK), 

braak . 



raturn (ri^gen); 



/* corruptad ctl char */ 



if ((ts_ti«a_cnt >0) && (gat_ccr_rq ««activen 
r atutn (wa i t ing ) . 
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1299 ab< 


>rt_ti () 




1300 /« 


k***it*)ktt«ll*il***«it)t)t*««itik«**illt«**ft**«**tii«tlt*)it«********«/ 




1301 /» 


«* «««»«/ 




1302 /• 


»** Abort tranfnissxon, riinti4lite *«**«/ 




1303 /«< 


*« Transmitter ««**«/ 




1304 /• 


Mt Fltgi «««««/ 




1305 /• 


«« **»«»/ 




1306 /• 






1307 






1308 ( 






1309 


eof ofalse, 




1310 


tir f Ig « mkpkt « 




1311 


quit sfalse, 




1312 


key B 0, 




1313 


ti_state stx.idle, 




1314 


ti_cmd B inactive, 




1315 


send_cct_req ■ inactive; 




1316 


ti_indi » 0; 




1317 


tx_req ctnactive, 




1318 


ccr_to_ti « 0, 




1319 


ti_byte_cnt »0; 




1320 


pkts_ient aO, 




1321 


ti_ti«e_cnt -O, 




1322 


get_ccr_rq sO , 




1323 


ccr_to_get *0, 




1324 


set.bank (00), 




1325 


outp < (bpatl) ,0i27) , 




1326 


set_bank (001), 




1327 


outp( (bpa't-6 ) , OiOD) , 




1328 


ti_«tate =tf_idle, 




1329 


prnsg ("transmitter reset"), 




1330 } 






1331 






1332 






1333 wa 


t_ri () 




1334 /*< 






1335 /•< 


** 




1336 /*< 


** WAIT_RX «««««/ 




1 3 37 / « « 


** checks rx timer, and returns the «*«•*/ 




1338 /«' 


«t following value . «*«««/ 




1339 I** 


»« SOH - SOH received «»««*/ 




1340 /«« 


*« EOT - EOT received «»««»/ 




1341 /*« 


*« time out - ri timer expired »***t/ 




1342 /«< 


** waiting - waiting for event »»*»«/ 




1343 /«« 


«t ««««»/ 




1344 /*» 






1345 






1 346 { 






1347 


if ( (ct l_rxd_f Ig == active) fi& (rx_time_cnt 'aO)) 




1348. 


{ 




1349 


ctl rxd fig ^inactive, 




1350 


return ( rx_ctl_chr); 




1351 


) 




1352. 


else 




1353 


if ( rx_time_cnt «s 0) 




1354 


return (time.out), 




1355 


else 




1356 


return (waiting) . 




1357. } 
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13Se 


chkpkt (pknum) 








1359 










1360 


/** v«rifitf tht chtckiua »nd packtt *«/ 








1361 


/«* number of tht rcctivtd packtt **/ 








1362 


/*« tttutnt a itttuf codt **/ 








1363 


/** «t / 








1364 


/•« EOK - Packtt Ok •«/ 








136S 


/•* EPKNUM - Error in packtt nuabtr «•/ 








1366 


/«• ECHKSUN - Error in Chtck Sua **/ 








1367 


/** EPKCMPL - Erro in packtt coapltatnt **/ 








1368 


/«» ttf 








136? 










1370 


int pknum, 








1371 










1372 


xnt I , 








1373 


int ckm, 








1374 


int film > 0, 








1375 


char cmpi , neap 1 , cpk , chr ckm, 








1376 










1377 










1378 


cpk opknum, 








1379 


if (cpk -BridataCOl) 




packtt numbtr corrtct */ 




1380 


{ 








1381 


cmpI « ridata [0], 








1382 


ricmpi *ridata [11, 








1383 


if (ricmpl ss "cmpl ) 


/» 


packtt numbtr complmt */ 




1384 


{ 








1385 


for (i=2. i<130, 








1386 


sum > sum 'i-ridata lil, 








1387 


ckm s sum % 255 , 








1388 


chrckm » cka, 








1389 


pk_chksm schrckm, 








1390 


if (chrckm «« ridata C130]) 


1* 


chtcksum corrtct */ 




1391 


rtturn (tok), 








1392 


tlst 








1393 


rtturn ( tchksm) , 








1394 










1395 


} 








1396 


tlst 








1397 


rtturn (tpkcmp), 








1398 


} 








1 399 


tlst 








1400 


{ 








1401 


If ((ridata C03 cpk -1) &fi (cpk >1)> 




/* old packtt nuabtr 




1402 






rtctivtd */ 




1403 


rtturn (told), 








1404 


tlst 








1405 


rtturn (tpknum), 








1406 


} 








1407 


} 
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1406 


Itltiiitiiint'kltiiiilittttii1ittlit1iiilitltttiiii*tttittitnittttt***ittt*iiiiiiit*tiii 




1 409 


/««*« ti_i_dis PROCEDURE ««*«*/ 




1410 


/«««• Diiibles tim and Ti FIFO inttrrupts *•***/ 




141 1 


/**«* froB CER rtgistsr 




1412 






1413 


ti_i_dis <) 




1414 


{ 




HIS 


askint4 <), I* disable interrupts «/ 




1416 


8et_bank (00), /* switch to bank xero */ 




1417 


outp ( (bpa-t-1 ) , ( inp(bpa-«-l > & tiidb)), /* nask out interrupts in 




1418 


GER - TiM and Ti FIFO */ 




1419 


set_bank (01), I* set bank one *l 




1420 


enbint4 (), /* enable interrupts »/ 




1421 






1422 






1423 






1424 






142S 






1426 






1427 


/*«*« ti_i_enb PROCEDURE «*»*»/ 




1428 


/*«*« enables the TXM and TX FIFO Interrupts *«***/ 




1429 


/»««« from GER register «*««*/ 




1430 






1431 . 






1432 


ti_i_enb () 




1433 . 


t 




1434 


nskint4 (), /* disable interrupts */ 




143S 


set_bank (00), /« switch to bank sero «/ 




1436 . 


outp ((bpa+1), (inp(bpa+l) 1 t»ien)), /* enable TXM AND TX FIFO *l 




1437. 


set_bank (01), /* return to bank one */ 




1436 


enbint4 (), /« enable interrupts «/ 




1439 






1 440. 


} 




1441 






1442 


sh„pkt_para« () 




1443 






1444 


/** Displays the parametrs of the Received **/ 




1 44S 


/ft* packet number, and the etpected parameters **/ 




1446 


/ft*«***ft*****««*«**«*ftft**«*ft*««*****««****««*«*ft*/ 




1447 


{ 




1448 


*•+ bad_pkt_cnt, 




1449. 


pritsg ("sending MAX "), 




1450. 


printf (" error a %Su",pkst); 




14S1 


av^curs (13,1), 




1452 . 


printf ("eiptd pkt « « *3u" , eKp_pkt_nua) ; 




1453 


m»_cur s (14,1); 




1454. 


printf ("rid pkt i & %3u", ridataCO]), 




1455 . 


«»_curs (13,40); 




1 456. 


printf ("eipd pkt capl « *tX", CridataCOJ ) ) , 




1457 


mv_curs (14,40), 




1458 


printf ("rid pkt complement » %iX", rxdataCU); 




1459 . 


mv^curs (15,1); 




1460 


printf ("rid chksum s %#X", rxdatatlSO]), 




1461 


mv_curs (15,40) , 




1462. 


printf ("eipd chksum s %iX" , pk_chksm) , 




1463 


8end_ccr_req «active. 




1464. 


ccr_to_ti = NAK; 




1465 . 


) 
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PACE 


28 HA IN PROGRAM (tp.e 825 10 IKOOEM 




Hii 
1447 


/«• PROCEDURE BUr.CPY 




lit? 


/tt eopiti paekft to thm bufftr 




H70 


baf_epy (packt^id) 




1J72 


int paekt.idi 
{ 




H73 


Int t. 




Im 


int Indi sO. 






indi > (p«ckt.id-l) •128; 






a (indi < (32000 - 129)) /« No ovtrwritt of bufftr */ 

{ 






for (i-0; i<128: i**) 






ti.f.bvf (indi4il - ribuf (il; 

1 






lift 




1483 


ptmtq ("filo too big, cannot in ••«ory"), 




1414. 


) 
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PAGE 1 DEFINITION FIL£ ftp def 82S10 XMODEM 



1 


id«f ine 


si "82510 FTP lOOO 6/30/86" 


/* 


sign on mtssagt */ 




2 


idtf ine 


bpa OxSfB 


/* 


Bast addrtss */ 




3 


idif int 


gir_addr 02 








4 


idtf ini 


tsci 27 


/* 


tscapt char in H*t */ 




5 


id«f ine 


btl 07 








6 


idtf int 


msg_c 17 


/* 


coordinatts of tht 




7 












6 


•dtf int 


mfg_r 2 








9 


•dtf int 


t«_c 35 


/« 






10 


idtf int 


ti_i: 10 








1 1 


idtf mt 


rf_c 3 5 




coordinatts 




12 


idtf int 


ri_r 12 








13 


idtf int 


io_c 5 0 








14 . 


idtf int 


•o_r 24 


«/ 






IS 


idtf int 


falst 0 








16 


idtf int 


trut 1 








17 . 


idtf int 


actiTt 1 








IS 


idtf int 


inictivt 0 








I? 


idtf int 


ctl^chr 2 


/» 


control char transmit 


«/ 


20 


idtf int 


pkt 1 


/* 


stnd packtt */ 




21 


idtf int 


tok SSSS 


/» 


paektt rtctivtd ok */ 




22 


idtf int 


tchkia 5500 


I* 


cKeckiui trror */ 




23 


idtf int 


tpkcap 5501 


1 * 


packtt coapl incorrtct 


• / 


24 . 


idtf int 


told 5502 


/« 


old pack nun rtctivtd 


«/ 


25 


idtf int 


tpknum 5503 


/* 


invalid packtt i rcvd. 


«/ 


26 












27 


/««*«** 










28 


/*«* ti 


statt dtf intions***/ 








29 . 










30 












31 


idtf int 


ti_idle 000 








32 


idtf int 


w»it_NAK 001 








33 


idtf int 


T0_trr_60 002 








34 . 


idtf int 


ti_rdy 003 








3S 


idtf tnt 


ti.packtt 004 








36 


idtf int 


wtit^CC 005 








37 


idtf int 


ti_pk_conp 006 








38 


idtf int 


to_etr 00 7 








39 


idtf int 


tstn 0i02 








40 


idtf mt 


akpkt 111 


/* 


Transmit packtt stagts 


«/ 


41 . 


idtf int 


tiatg 112 








42 


idtf int 


rttx 113 








43 


idtf int 


waiting 114 








44 












45 


/«**«*»**t*«t**«*««*««**«**/ 








46 


/*« ri 


statt dtfinition **l 








47 . 


/t****t»**»«***t*»««««*«*ft*/ 








48 












49. 


idtf int 


ri.idit 000 








50. 


idtf int 


rK_rdy 001 








51 


idtf int 


ri^pkt 002 








52 












S3 












54 


/*««****«*« ««««***«**/ 








55. 












56 


idtf int 


tiat_out 9 0 


/* 


rx statt signal valuts 


«/ 


57 


idtf int 


ri_NAK 91 








58 . 


idtf int 


ra_ACK 92 








59 


idtf int 


ri_gtn 9 3 








60. 
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PAGE 


2 DEFINITION FILE ftp dtf 


8 2510 XKOOEN 




i I 
















i 3 


I** Prntarnl CoiitrAl At**/ 






* j ■ 


/At oharaotspa tktt/ 
































vUffilnv niln UllV 


/* 






ificfint ACK Oi04 


/• 


Poiltivt Ack */ 


70 


idtfin* SOH OiOl 


/ * 


Start of Htadtc */ 


7 1 . 


•difint EOT 0i04 


/ * 


End of Ttit */ 


72 


•dtfinc CAN 0il8 






73 


idtfin* NUL OiOO 






74 . 








75 








7i 


/At inttrtupt soutct 






77 








78 








7? . 


idtfint tiatr 05 


/ * 


82510 int vtctors */ 


80 


Idtf inc t IB 04 






1 1 








82 . 


id c f 1 ii# r 1 ( 0 2 






8 3 


idt f int 1 1 f 01 






84 


•dtfint tiicn 0il2 


/ * 


unsiifk TiH and Ti FIFO 


85 


•difint tiidb Oi2D 


/• 


mtfk TiM and Ti FIFO */ 


H . 


idefint ccicn 0i04 


/* 


tnablt CCR inttrruptt */ 


87 


tdtfin* ccidb 0i33 


/ * 




88. 


idtfint biktnb 0i2S 


/« 


tnabit, block inttrruptt 


8? 






through GER for 82510 */ 


90 . 








91 . 


/*t******«*** ****«•**•*«**#«**/ 






92 


8259A ?»luti ****•****! 






93 


/««****t««***t**«*«**t«t««*««ft/ 






94 








95 


•dtfint toi 0i20 


/• 


tnd of tnttrropt */ 


94. 


•dtfint ipOO 0i20 


1* 


8259A port 0 */ 


97 


•dtfint ipOl 0i21 


1* 


8259A port 1 */ 
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FACE 


I CRT I/O ROUTINES cio c 82510 XMODEM 




1 
2 


iincludc "ftp dtf" 




3 


CLR( ) 




4 






5 


/«*** *««*«/ 




& 


/«••« PROCEDURE CLR **••»/ 




7 


/t«»« *•««*/ 




8 


/*»•* citars scrtcn **nt*i 




9 


I**** tt*ft*/ 




10 


/«*tt «t*«t/ 




11 






12 


/*«*«*** *««*t«**«*««**«««*«**t««*««««*ttt««ii««««t*t«t**««t/ 




13 






14 . 


{ 




15 


mt escchr * tsci , 




U 






17 


put ch ( tsccht ) ( 




18 


printf (•'C2J"), 




19 






20 


} 




21 






22 . 






23 


VOFF ( ) 




24 






25 


/««** *«•**/ 




26 


/««*« PROCEDURE VOFF «««•»/ 




27 


/«**« 




28 


/***« Tumi RflTArit Vldto OFF t««*«/ 




29 


/***« t«**«/ 




30 


/•«** AtAtt/ 




31 . 


/«*•* 




32. 


/tk*«*«t* *««!**«**** It*****ft«««t**t*******«*«««*«**«ftil)t**«««/ 




33 
34 . 


{ 




35 . 


int tscehi ■ tsci* 




36 . 






37 


putch (ttcehr ) , 




38. 


printf ("ton"); 




39 






40 


} 




41 . 






42 






43. 


RVON ( ) 




44 


/*t«**«« *«**«*«*««#*«****«**«*«««*«*«« «tllA»«««»t«tfltt«t«»/ 




45 


/*«*« *«***/ 




46 . 


/•**• PROCEDURE RVON «t»*«/ 




47 


ftt* I 




48 


/***« Revcrs* Vidto ON *«*»«/ 




49 


/**<!« «««*t/ 




SO 


/««l»t *«*t«/ 




51 


/**«* *«*««/ 




52 






53 






54 


{ 




55 


int tscchr « «sci. 




56. 






57. 


putch (•scchr > ; 




58 


printf ("t7m"), 




59 


} 




60 
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PACE 


2 CRT I/O ROUTINES cio c 82510 XMODEM 




6 1 . 


OPEN WIND ( r ow, CO I , s t g ) 




62 . 






63 


int coT' 




64 . 


cht r 1 1 g [ } i 




65 


/«*«**t**«*«**«*)i***tt*««t**« ««*«*««««**«*««*««*«**«* ««•««/ 




66 . 


1***11 ***** 1 




67 . 


1**** PROCEDURE OPEN.VIND *****/ 




68 


1**** *****) 




6? 


1**** printf • ftring in rcvtrtt vidto *****! 




70 . 


1**** At tht givtn locttion *****/ 




71 


I**** *****! 




72 


1**** *****f 




73 . 


/********************************************************! 




74 






75 . 


{ 




76 . 






77 


MV_,CURS (row, col); 




78 . 


RVON ( > , 




7? 


printf ( "%t " , 1 1 g ) ; 




80 


VOFF ( ) , 




8 1 






82 . 


) 




83 


BEEP ( ) 




84 


1***********************************1111*******************1 




85 


1**** *****/ 




86 


1**** PROCEDURE BEEP *»***! 




87 


1**** *««*«/ 




88 


1**** products a bc«p *****/ 




89 


1**** *****! 




?0 . 


/**** *****/ 




91 . 


/**** *****! 




92 


/********************************************************/ 




93 






94 . 


I 




95 . 


int b#Ichr ■ btli 




96 . 






97 


putch (btlchr)« 




98 






99 . 


} 




100 . 






101 . 


C LL ( r ow , c 0 1 ) 




102 . 






103 . 


xnt 001*' 




104 


/iit««««««*t»*it«««**««**«*«««**««***«*««*«*«ii*ttit*«**«««**/ 




105 . 


I**** *****/ 




106. 


/«**« PROCEDURE CLL *****f 




107 


/**** *****/ 




108 


1**** citar lint at givtn coordlnatt *****/ 




109 


1**** *****! 






f *** * *****/ 




111 


1**** *****! 




112 


1********************************************************1 




113 






114 


( 




115 


int ticchr « tact , 




116 


MV.CURS (row, col), 




117 


putch (tscchr); 




118 . 


printf ("CK"), 




119 


} 




120 
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PAGE 


3 CRT I/O ROUTINES cio c 82510 XMODEM 




121 






122 






123. 


CLMS( ) 




124 


/****««• *««t**iktt*«««*«****««*****«fttt**«*fk«****t*«*****t/ 




125 


It*** *****/ 




126 


/«*«t PROCEDURE CLMS *****! 




127 


1**** *****/ 




128 


/**** cltir mtitagt lin* *****/ 




129 


/**** *****! 




130 


/**** *****! 




131 


f**** *****! 




132 


1*************************************** *****************/ 




133 






134 


{ 




135 


CLL (mig_r ,msg_c) , 




136 


) 




137 






138 . 


prasg (msq) 




139 


char Bsg tl, 




140 






141 


*****! 




142 . 


/«**« PRINTS MESSAGE AT MESSAGE LINE *****! 




143 


1**** *****! 




144 


I**«* *****/ 




145 


I**** ***** 1 




146 


/***« *****! 




147 


/*«** *****! 




148 


1********************************************************1 




149 






ISO 


{ 




151 


elms ()i 




152 . 


printf (" %s", msg). 




153 


) 




154 






155 


CLLC () 




156 


C 




157 


tnt escchr s csci, 




158 


putch (escchr), 




159 


printf ("CK"), 




160 


} 




161 






162 


MV_CURS (i,y) 




163 


I*** *****************************************************! 




164 


1**** *****/ . 




165 


/«»*« PROCEDURE MV_CURS *****/ 




166 


1**** *****! 




167 


/«*** movss cursor to sptciftftd ««««»/ 




168 


/«**« location »«*«*/ 




169 


/•*t* •«*««/ 




170 


1******************** ************** **********************! 










172 


int 1, 




173 


int Y ' 




174 


{ 




175 


int escchr » esci, 




176 






177 


putch (escchr), 




178 


cprintf (•'C*u.%uH»,i,y) J 




179 . 


) 
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ASK a INTERRUPT INIT ihl asm 82510 XMOOEK 



NAME ftpih 

DGROUP GROUP DATA 

DATA SEGMENT WORD PUBLIC 'DATA' 

ASSUME OS DGROUP 
DATA ENDS 



8 


EXTRN 


isr.SlO f*r 


9 

10 


_PROG SEGMENT BYTE PUBLIC 


1 1 


ASSUME 


CS _PROG 


12 






13 


PUBLIC 


init_ih 


14 


PUBLIC 


ih510 


15 






U 


ini t_ih 


PROC far 


17 


put h 


BP 


18 


puth 


DX 


1? 


push 


AX 


20 


push 


DS 


21 


mov 


DX. OFFSET ihSlO 


22 


push 


CS 


23 


pop 


OS 


24 


BOV 


AH,25H 


25 


BOV 


AL.OCH 


26 


INT 


21H 


27 


pop 


DS 


28 


pop 


AX 


29 


pop 


DX 


30 


pop 


BP 


31 


r«t 




32 


ini t_ih 


ENOP 


33 






34 


ihSlO 


PROC far 


35 


push 


BP 


36 


push 


AX 


37 


push 


BX 


38 


push 


CX 


39 


push 


DX 


40 


push 


SI 


41 


push 


01 


42 


push 


OS 


43 


push 


ES 


44 


moT 


AX, DGROUP 


45 


mov 


DS, AX 


46 


call 


I5r_510 


47 


pop 


ES 


48 


pop 


DS 


49 


pop 


01 


50 


pop 


SI 


51 


pop 


DX 


52 


pop 


CX 


53 


pop 


BX 


54 


pop 


AX 


55 


pop 


BP 


56 


iret 




57 


ihSlO 


ENDP 


58 






59 


.PROG ENDS 


60 


end 





,DOS vector setup call 
,C0H1 vector 
,DOS system call 
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1.0 OVERVIEW 

The 82510 Asynchronous Serial Controller is a 
CHMOS UART which provides high integration fea- 
tures to offload the host CPU and to reduce the system 
cost. 

This Ap-Note presents a mechanism for reduction and 
optimization of interrupt handhng during asynchro- 
nous communication using the 825 10. The mechanism 
is valuable in applications where handling of interrupts 
degrades system performance i.e., when high baud rate 
is used, when multiple channels are handled or whenev- 
er real-time constraints exist; This implementation of 
the mechanism is a software driver that transmits or 
receives characters at 288000 bits per second. 

The driver is based on the burst algorithm which uses 
the 82510 features (FIFOs, Timers, Control Character 
Recognition etc.) to reduce CPU overhead. CPU is sig- 
nificantly off-loaded for other tasks — about 75% of 
the usual load is saved. 

The driver can be easily niodified to run in conjunction 
with other 82510 features such as the MCS-51 9-bit 
Protocol. 

This document provides a full description of the driver. 
The burst algorithm is presented in Section 3, the soft- 
ware module flow-charts and their descriptions are pre- 
sented in Section 6, and the PL/M software listing is 
given in Appendix A. 



2.0 INTRODUCTION 



2.1 CPU Load Consideration 

The trend towards multi-tasking systems, combined 
with higher baud rates and increasing the number of 
channels per CPU, has led to the need for decreasing 
the CPU bandwidth consumed by the async communi- 
cations for each byte transfer. Whenever the CPU is 
interrupted, a certain amount of CPU time is lost in 
implementing the context switch. This overhead can be 
as high as hundreds of microseconds per interrupt, de- 
pending on the specific operating system parameters. 
Thus, in high baud-rate or multi-channel environments, 
where the interrupt frequency is very high, a substantial 
portion of the CPU time is taken up by this interrupt 
overhead. Therefore, systems usually require minimiza- 
tion of the number of interrupt events. In the case of an 
asynchronous communication channel, reduction of the 



number of interrupts can be achieved by servicing (i.e., 
transferring to/from the buffer) as many characters as 
possible whenever the interrupt routine is activated. 
This can be done by utilizing FIFOs to hold received or 
transmitted characters, so that the CPU is interrupted 
only after a certain number of characters have been 
received or transmitted. Using a receive FIFO may 
cause a potential problem: Due to the random rate of 
character arrival in asynchronous communications, 
there is a chance that characters will be "trapped" in 
the Rx FIFO for extended periods of time. In order to 
avoid such situations, a Rx FIFO time-out mechanism 
can be implemented using the 82510 timer. The time- 
out indicates that a certain amount of time has elapsed 
since the last read operation was performed. It causes 
the CPU to check the Rx FIFO and read any charac- 
ters that are present. This process, however, introduces 
the additional overhead of the timer interrupt. This Ap- 
Note describes the use of the burst algorithm to avoid 
the timer interrupt overhead while maintaining the use 
of the Rx FIFO. 

2.2 82510 l^eatures Used In This 
implementation 

The following new 82510 features were used in this im- 
plementation: 

2.2.1 FIFOs 

The 82510 is equipped with 2 four-byte FIFOs, one for 
reception and one for transmission. While characters 
are being received, a Rx FIFO interrupt is generated, 
when the Rx FIFO occupancy increases above a pro- 
grammable threshold. While characters are being trans- 
mitted, a Tx FIFO interrupt is generated, when the Tx 
FIFO occupancy drops below a programmable thresh- 
old. The two thresholds are software programmable, 
for maximum optimization to the system requirements. 

2.2.2 TIMER 

The 82510 is equipped with two on chip timers. Each 
timer can be used as a baud rate generator or as a gen- 
eral purpose timer. When two independent baud rates 
are required for transmit and receive, the two timers 
can be used to generate both baud rates internally. Oth- 
erwise, one timer can be used for external purposes. 
The timer is loaded with its initial value by a software 
command and it counts down using system clock puls- 
es. When it expires, a maskable interrupt is generated. 



2-263 



AP-310 



2.2.3 CONTROL CHARACTER RECOGNITION 

Depending on the application, the software usually 
checks the received characters to determine whether 
certain control characters h^ve been received, in which 
case special processing is performed. This loads the 
CPU, as every received character should be compared 
to a list of control characters. With the 82510, the CPU 
is offloaded from this overhead. Every received charac- 
ter is checked by the 82510, and compared to either a 
standard set of control characters (ASCII or EBCDIC) 
or to special user defined control characters. The soft- 
ware does not need to check the received characters, 
and a special interrupt is provided when a received con- 
trol character is detected by the 82510. The specific 
operation mode (standard set, user defined, etc.) is pro- 
grammable. 

2.2.4 INTERRUPT CONTROLLING MECHANISM 

The twenty possible interrupt sources of the 82510 are 
grouped into six blocks: Timer, Tx machine, Rx ma- 
chine, Rx FIFO, Tx FIFO, or Modem. Interrupt 
source blocks are prioritized. The interrupt manage- 
ment is performed by the 82510 hardware. The CPU is 
interrupted by a single 82510 interrupt signal. The in- 
terrupt handler is reported on the highest priority pend- 
ing interrupt block (GIR) and on all the pending inter- 
rupt blocks (GSR), as well as on the specific interrupt 
source. Interrupts are maskable at the block level and 
source level. Interrupts can be automatically acknowl- 
edged (become not pending) when serviced by the soft- 
ware, or manually acknowledged by an explicit com- 
mand. 



3.0 THE BURST ALGORITHM 

3.1 Background 

The 82510 FIFOs are used to reduce the CPU interrupt 
load. When a burst of characters is transmitted or 
received, the CPU is interrupted only once per trans- 
mission or reception of up to four characters. FIFO 
thresholds are programmable;, thus, when high system 
interrupt latency is expected, an opti^ml threshold may 
be selected for the desired trade-off between the CPU 
load, and the acceptable system interrupt latency. The 
required Rx FIFO threshold is ^Iso a function of the 
receive character rate. When the rate is high, a deep 
FIFO is required. When the rate is very low (e.g., hun- 
dreds of milliseconds between characters), a low thresh- 
old is needed, to reduce the maximum character service 
latency (a character is available to the application pro- 
gram only after it is stored in the receive buffer). 

The software mechanism described here tunes the Rx 
FIFO threshold dynamically when the incoming char- 
acter rate is variable. The algorithm uses one of the 
82510 on-chip timers for time measurement, in order to 
automatically adapt the threshold to the character re- 
ception rate. This is done without loading the CPU 
with the overhead of serving excessive interrupts gener- 
ated by the timer mechanism itself 



3.2 Burst Algorithm Description 

The 82510 timer is initialized to the time-out value with 
every Rx FIFO interrupt. The time-out value is the 
maximum acceptable time between a character's recep- 
tion and its storage in the receive buffer, but not less 
than five character-timeS. Upon reception of the next 
character, the timer status is examined to determine 
whether the character rate is high (the timer has not yet 
expired) or low (the timer has expired). 
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2nd chorocter received, at LOW rate 



timer Interrupt 
(LOW rate Indicator) 




2nd character received, at HIGH rate 



receive characters at HIGH rate 



Figure 1. Burst Algorithm State Diagram 



The algorithm is best described as a finite state machine 
that can be in one of three modes: HUNTING mode, 
SINGLE mode, or BURST mode. In HUNTING 
mode, after the first character received interrupts the 
CPU, the mode switches to SINGLE. On receiving a 
character in SINGLE mode (that is the second charac- 
ter) the timer is examined; if the character rate is very 
low, the mode is switched back to HUNTING. Other- 
wise, the rate is high enough to switch to BURST 
mode. In BURST mode, the Rx FIFO threshold is 
maximal. The machine remains in BURST mode as 
long as a burst of characters is being received. When 
the rate of character reception becomes low, the timer 
eventually expires generating a timer interrupt which 
switches the mode back to HUNTING. 

Note that while a burst of characters is being received, 
the CPU is interrupted only once per four received 
characters. If the characters are received at a very low 
rate, an interrupt occurs for each received character. 
The CPy is interrupted by the timer only once, when 
the burst terminates. See Figure 1 for a state diagram. 

For more details about the burst algorithm see para- 
graph 6.2. 



4.0 SOFTWARE MODULE MAP 

The driver contains the following software modules: 

• MAIN 

• BURST ALGORITHM 

— Burst Algorithm Initialization (*) 

— Rx FIFO Step (*) 

— HUNTING mode 

— SINGLE mode 

— BURST mode 

— Timer Step (*) 

• INITIALIZATIONS 

— Wait for Modem Status 

• INTERRUPT HANDLER 

— Rx FIFO Interrupt Service Routine 

— Tx FIFO Interrupt Service Routine 

— Status Interrupt Service Routine 

— Timer Interrupt Service Routine 

— Modem Interrupt Service Routine 

(*) The burst algorithm modules are called by the ini- 
tiahzation module and by the interrupt handler mod- 
ules. 
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INJTIALIZATIONS 



8251 0 Configurations 



Init BURST Algorithm 



T 



Wolt_For_MODEM_status 



MAIN : 



loop 



[ End of Txmlt/Rcvr ^ 



Interrupt Handler 







1 1 


1 1 


Rxflfo 
Int Ser Rou 




Txflfo 
Int Ser Rou 




Status 
Int Ser Rou 




Modem 
Int Ser Rou 




Timer 
Int Ser Rou 



BURST 
Algorithm 



BURST & 
Timer 



Figure 2. Modules Block Diagram 



5.0 HARDWARE VEHICLE 
DESCRIPTION 

The driver was tested at 288000 baud, on an 80186 
based system, with an 8 MHz local bus running with 2 
wait-states, and an 18.432 MHz 82510 clock. Two sta- 
tions were involved: one transmitter station and one 
receiver station. Each station consisted of an 
iSBC 186/51 with a 82510 based SBX board connected 
to it. See Appendix B for description of the SElX board. 

This driver is, nonetheless, suitable for running in a 
large number of system environments. 



6.0 SOFTWARE MODULE 
DESCRIPTIONS 

6.1 MAIN 

The MAIN module is a simple example of an applica- 
tion program that uses the driver. 

The communication is done between two stations: One 
station is the transmitter and the other one is the re- 
ceiver. After interrupts are enabled, the program waits 
for the Finish_T:j^ flag or the Finish_Rx flag (for the 
transmitter or receiver station, respectively) to be set. 
In the transmitter station, the driver is preloaded with 
the transmit data. In the receiver station, the received 
data is displayed after data reception is complete. 
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' High Performance 
Driver 



292038-3 



Figure 3. MAIN 



6.2 The Burst Algorithm Modules 



6.2.1 INITIALIZE THE BURST ALGORITHM 

This module is called by the initiahzation module. 

The global variable Burst algo is used to indicate the 

current burst algorithm mode. 

The burst algorithm is most useful at a baud rate of 
9600 or higher. At lower baud rates, where the Rx in- 
terrupt rate is very low, the burst algorithm is degener- 
ated (Low ^baud is assigned to Burst algo). At a 

baud rate of 9600 or more, the burst algorithm mecha- 
nism is initialized and starts by disabUng the timer in- 
terrupt. 

The initial state of the burst algorithm is HUNTING 
mode. In this mode, it is looking for (hunting) the first 
character. The Rx FIFO threshold is zero, thus the first 
character received interrupts CPU. This interrupt starts 
the burst algorithm mechanism. 



( Start ") 




BURST_algo = Low Baud 



] 



Disable Timer Interrupt 
I BURST-alg^s HUNTING | 
Rxflfo Threshold = 0 | 



± 



( Return ) 

292038-4 



Figure 4. Initialize The Burst Algorithm 
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6.2.2 BURST ALGORITHM MECHANISM 

Modules HUNTING, SINGLE, BURST are called by 
Rx FIFO interrupt service routine. Module 
BURST&TIMER is called by timer interrupt service 
routine. 



6.2.2.1 HUNTING Mode 

Hunting for the first character received is the first step 
in the burst algorithm. After the first character is de- 
tected, received and handled, it must be determined if 
reception will be at high or low rate. This is done by 
starting the timer. HUNTING mode ends by assigning 
the second step, i.e., SINGLE mode, to Burst algo. 



6.2.2.2 SINGLE Mode 

When the second character is received, the burst algo- 
rithm is in SINGLE mode. Timer status is read 
(TMST). If the status indicates that the timer has ex- 
pired, the receive character rate is low and there is no 
need to increase the Rx FIFO threshold. The burst al- 
gorithm returns to its first state, i.e., HUNTING mode. 
However, if the timer has not expired, the receive char- 
acter rate is high, and the Rx FIFO threshold is set to 
the maximal allowable value. The timer is restarted and 
the timer interrupt is enabled so that, if it expires before 
the Rx FIFO exceeds the threshold, a timer interrupt 
will occur. 

SINGLE mode is ended by assigning the third step, 
BURST mode, to BURST__algo. 



C 



From Rxflfo Intr Serv 
Routine 



1 



HUNTING mode 





No ^^RST_olgo>^ Yes 



SINGLE mode 



BURST mode 



BURST_olgo = SINGLE 



BURST^algo = HUNTING 




Restart Timor I 
Reset TIMER stotus I 



( Return ) 



292038-5 



Figure 5. The Burst Algorithm 
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6.2.2.3 BURST Mode 

The algorithm enters BURST mode as soon as the re- 
ceive character rate is evaluated as high, i.e., when two 
successive characters are received without a timer expi- 
ration. The FIFO is now working at full threshold and 
the timer is used as a timeout watch dog. BURST mode 
is the most time-critical path of the algorithm. There- 
fore, it consumes a minimum amount of real time. 

The timer is restarted, in order to restart a new timeout 
measurement. The timer status is read to trigger auto- 
matic reset of the previous status; this is done to avoid 
the timer interrupt if the timer has expired during the 
Rx FIFO interrupt service routine execution. 



avoid an overrun error). The module was designed to 
minimize the CPU overhead inherent in the burst algo- 
rithm itself. 

BURST mode is assigned the fastest path because it is 
the most real time sensitive mode. 

SINGLE mode has a slightly longer path. However, 
under a high reception rate, the algorithm passes SIN- 
GLE mode once only and then stays in BURST mode 
until the end of the burst. Under a low reception rate 
the algorithm passes SINGLE mode many times, but, 
since the period between two successive Rx interrupts is 
long, this hardly affects system performance. 



6.2.2.4 Timer Interrupt and Bust Algorithm 

If the character reception rate becomes low, then the 
time between two successive Rx FIFO interrupts in- 
creases. Hence, a reduction in the reception rate causes 
the timeout to expire, and a timer interrupt occurs. 
This drives the algorithm back to HUNTING mode. 
The timer interrupt is disabled and the Rx FIFO 
threshold is configured to zero, to issue an Rx interrupt 
on the first hunted character. 



(From Timer Intr Serv 
Routine 



Disable Timer Interrupt 



Rxflfo Threshold = 0 

i 

BURST_algo = HUNTING 



( Return } 

292038-6 

Figure 6. Timer Interrupt and BURST Algorithm 



Table 1. BURST Algorithm Modes 



Mode 


FIFO 
Threshold 


Timer 


Timer-Interrupt 


Hunting 


0 


Idle 


Disabled 


Single 


0 


Started 


Disabled 


Burst 


Max. 


Restarted 


Enabled 



6.2.3 FLOWCHART DESCRIPTION 



6.3 Initializations 

This module initiahzes the driver. It is called at pro- 
gram start-up. 

The 82510 is configured for the specific operation mode 
by the CONFIG_82510 submodule: A Software Reset 
command is issued, and then the character configura- 
tion is selected. In the receiver station ACRO and 
ACRl Registers are loaded with the End-Of-File 
ASCII character, so that the Control Character Recog- 
nition feature of the 82510 can be used to detect the 
specific file terminator. In the transmitter station, the 
ASCII characters XOFF and XON are loaded to 
ACRO and ACRl, respectively, to detect transmit-off/ 
on requests automatically. The use of the control char- 
acter recognition feature of the 82510 reduces system 
overhead, as the software does not need to check every 
received character. A special interrupt is received when 
the 82510 hardware detects a received control charac- 
ter. 

Interrupt sources are enabled (note that a Tx interrupt 
will occur immediately). BRGA is loaded to generate 
the required baud rate (288000 baud in this specific 
implementation). Rx FIFO depth is set to 4. The Tx 
and Rx FIFO thresholds are initialized to 0. BRGB is 
selected to function as a timer, and is loaded with the 
timeout value (7 ms at 18.432 MHz, in this implemen- 
tation). The RxC and TxC sources are selected to be 
BRGA. 

The burst algorithm parameters are initialized by 
INIT_BURST. WAIT_FOR_MODEM_STATUS 
is called and implements a wait until the modem hand- 
shake DSR signal is set. If WAIT_FOR__MODEM_ 
STATUS returns with a timeout error, the modem er- 
ror is processed. If no error has occurred, the following 

parameters are initialized: Finish Rx and Finish Tx 

flags, receive and transmit buffer pointers, and the re- 
ceiver flag. All status registers are cleared by issuing a 
STATUS CLEAR command to the ICM register. 



The Rx FIFO interrupt handler executes the burst al- 
gorithm immediately after the Rx FIFO is emptied (to 
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C start ) 



82510 Configurations 



init BURST Algoritlim 



Modem 
rout 


Error 
ine 


i 


message : 1 
in Modem \ 


!rror 

■landsliake 



Wait For Modem Status 




Jio^x-^Modem 

^Handslialce^ 

Finish_Rx = False 



Finish^Tx = False 



r = 0 




Receive 
station 

YesT^ 



No 



Transmit station 



Receiver = True 



] [ 



Receiver = False 



( Return ) 



292038-7 



Figure 7. Initializations 
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{82510 Conflgurotlons} 



BANK = WORK 



ICM = S/W Reset 
Command 



LCR = 1 stpbrt + 8blt 
+ No parity 



MCR = Set 0UT2 
Intr Buffer EnabI 



Receive 
station Y»e 


Receiver 


Transmit 

s^No 

> I 


ACRO = EOF char 
ACR1 =EOF char 




ACRO = X. 
ACR1 =X. 


.Off char 
_0n char 


GER = Enbl Intr 
Rx, Stat, Modem 




GER = Enbl Intr 
Rx, Stat, Modem 


1 


M- — 







BAL = Low 
Baud 288000 



BAH = High 
Baud 288000 



1 



I BANK = GENERAL I 

i 



IMD = Rx fifo 
depth = FOUR byte 



FMD = Rx thresh = 0 
Tx thresh = 0 



RIE = Enable char 
Recognition Intr 



BANK = MODEM 

i 



BBCF = BRG B Is 
TIMER 



BBL/H=Tlme_Expir 



CLCF = RXC and TXC 
is BRG A 



TMIE = Enable 
Timer Block 



i 



BANK = WORK 



tCM = status cleor 



( END 82510 Configurations J 
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Figure 8. 82510 Configurations 
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6.3.1 WAIT^FOR^MODEM STATUS communication starts (it indicates that the modem 

is active). The returned Modem_Handshake flag indi- 
This module waits, with a timeout, for the DSR modem cates normal return (true) or timeout error return 
handshake signal to be set. DSR should be active before (false)* 



c 



Walt_For_Modem_Status 



Counter s= Walt^Tlme 



Modem^handshake = FALSE 



Modem^stot = READ (MSR) 

I 



|Modem_stats=mask DSR bit 




( Return ) 



Figure 9. Wait^For^Modem^Status 
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6.4 Interrupt Handler 

The interrupt handler services the 82510 interrupt 
sources. Since this is a titne-critical path, the code is 
optimized to minimize real time consumption. 

The interrupt handler services only one interrupt 
source at a time. This prevents CPU resource starva- 
tion from other interrupt driven devices. Interrupts are 
enabled at the beginning of the interrupt handler, so 
that higher priority interrupt sources are not disabled 
by the 82510 interrupt handler. 



6.4.1 INTERRUPT HANDLER STRUCTURE 

The interrupt handler identifies the highest priority 
pending 82510 interrupt, by reading GIR. The inter- 
rupt handler was designed so that shorter paths are 
assigned to more real time sensitive interrupt sources. 
Rx FIFO interrupt is the most sensitive, Tx FIFO is 
the second most sensitive, and so on. 

The programmable interrupt controller (8259A) is as- 
sumed to be configured to "edge triggering mode" and 
"non-automatic end of the interrupt" mode. 



C 82510 Interrupt occured ) 



Enable Interrupt 



T 



Read GIR -Intr vector 

1 




Rxflfo 
Int Ser Rou 



Txflfo 
Int Ser Rou 



End_lntr_Hondler ; 



Modem 
Int Ser Rou 



Issue EOi comnd to 
PIC (8259) 



C Rei^rn ) 



292038-10 



Figure 10. Interrupt Handler 
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6.4.2 Rx FrFO INTERRUPT SERVICE ROUTINE 

The Rx FIFO interrupt service routine first empties the 
Rx FIFO. The receive data register (RXD) is read, as 
many times as indicated by the FIFO occupancy regis- 
ter (FLR), and the characters are stored in Rx Buf. 

After emptying the Rx FIFO, the Rx FIFO interrupt 
service routine executes the burst algorithm (see para- 



graph 6.2.2). Before leaving the Rx FII^O interrupt 
service routine, the FIFO occupancy register is re- 
checked, to empty the Rx FIFO of characters that may 
have been received during the Rx FIFO interrupt serv- 
ice routine itself. This can happen if the Rx FIFO inter- 
rupt service routine has been interrupted by a higher 
priority interrupt. 



(Rx fifo Intr Serv Routine} 

i 



Rx_occ = read (FLR) 
Rxflfo occupancy 



Shift Right 
Rx_occ by 4 



Rx_buf(r) = 
Reod (RXD) chor 




to BURST 
Algorithm 



J 



r=r+ 1 



Rx_occ = Rx_occ - 1 



Rx^occ = read (FLR) 
Rxfifo occupancy 



Empty Rx fIfo 
again : 




Rx_buf(r) = 
Read (RXD) char 



r=r+1 I 

IT — 



, i — : 

(to EndJntr_Hand|er) 



292038-11 



Figure 11. Rx FIFO Interrupt Service Routine 
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6.4.3 Tx FIFO INTERRUPT SERVICE ROUTINE 



6.4.4 STATUS INTERRUPT SERVICE ROUTINE 



The Tx FIFO interrupt service routine fills the Tx 
FIFO with transmit characters while checking for the 
End-Of-File terminator. According to the FIFO occu- 
pancy register (FLR), the Tx FIFO is loaded (by writ- 
ing to TXD) until it is full or until the End-Of-File 
character is detected. The transmitted characters are 

taken from Tx Buf. If an End-Of-File character is 

identified, then the transmission is immediately ended 
by disabling all 82510 interrupts and setting the Fin- 
ish Tx flag. 



The status interrupt service routine has four objectives: 

— To empty the Rx FIFO. 

— To stop reception if an End-Of-File character is 
identified by the control character recognition 
mechanism (in the receiver station). 

— To disable or enable the Tx interrupt if a XOFF or 
XON character, respectively, is identified by the 
control character recognition mechanism (in the 
transmitter station). 

— To handle parity, framing, or overrun errors (in the 
receiver station). 



(Tx FIFO Intr Serv A 
Roi^lne J 



Tx_occ = read (FLR) 
Txflfo occupancy 



Yes 



, (Txf lfo Full) No _ 
A Tx_occ < 4 




Write (TXD) = Tx_buf(t) 

i 

Tx_occ = Tx_occ ♦ 1 




t = t+1 



WRITE (BANK) = NAS 

I 



Write (GER) = 
Disable all Intr 



T 



(to EndJntr.Handler) 



Write (BANK) = WORK 

i 

Flnlsh_Txmlt = True 

— V— 



292038-12 



Figure 12. Tx FIFO Intr Service Routine 
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First the Rx FIFO is emptied. In the receiver station, 
the RST register is checked to determine whether an 
End-Of-File terminator has been identified by the 
82510, in which case reception is stopped immediately 
by disabling all interrupt sources and setting the 
Finish_Rx flag. In the transmitter station, the received 
characters are checked to identify the received control 
character. If XOFF is identified, Tx interrupt is dis- 
abled. If XON is identified, Tx interrupt is enabled. 
Note that the software does not need to check for any 



control character during normal reception; the control 
characters are identified by the 82510 device. 

RST is checked for parity, framing or overrun errors. If 
one of these errors has occurred, then the error han- 
dling routine is executed. 

If status interrupt occurs while Burst algo is assigned 

to BURST mode, the timer is restarted. 

Note that status interrupt is enabled at both stations. 



(status Ihtr Serv Routine) 

i 



status = Read (RST) 
character status 



I 



Rx_occ = read (FLR) 
Rxfffo occupancy 



Shift Right 
Rx_occ by 4 





GER = Disable ALL 
Intr 



Receive 
station 



Flnish_Rx = True 



Status masl< on 
(PE + FE+OE) error 



Rx_buf(r) = 
Rx_chr 



GER = Disable Tx 
Interrupt 



GER = Enable Tx 
Interrupt 



r = r+ 1 




Read (TMST) reset 

— r 



Restart Timer 



] 



( to End_intr_Handler ") 



Figure 13. Status Intr. Service Routine 
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6.4.5 TIMER INTERRUPT SERVICE ROUTINE 



6.4.6 MODEM INTERRUPT SERVICE ROUTINE 



A timer interrupt occurs when the receive character 
rate becomes low. The timer interrupt service routine 
first empties the Rx FIFO and then switches the burst 
algorithm to HUNTING mode. 



( TIMER Intr Serv Routine) 



Rx_occ = read (FLR) 
Rxflfo occupancy 



Rx_buf(r)s: 
Reod (RXD) chor 




Timer Interrupt 
and 

BURST Algorithm 



Rx_occ = Rx„occ - 1 



( to End_lntr_Handler } 



292038-14 



Figure 14. TIMER Intr Service Routine 



Modem interrupt occurs if one of the modem lines has 
dropped during transmission or reception. The modem 
interrupt service routine reads the MSR register to ac- 
knowledge the modem interrupt. The modem error 
routine is then executed. 



(modem Intr Serv Routine) 

i 



Read (MSR) 
Modem status 



X 



I Modem ERROR routine 

i 



Write message 
"ERROR In MODEM 
Handshake" 



WRITE (BANK) = NAS I 

T 



Write (GER) = 
Disable all Intr 



I Write (BANK) = WORK ] 
( to End_lntr-Handler ) 



Figure 15. MODEM Intr Service Routine 
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APPENDIX A 
PL/M SOURCE FILE 





* 8 2 


5 1 0 - H I G 


H P 


E R F 0 


R M A N 


CE Driver * 


* This driver is optimized for Real Time Systems. It supports * 


* high system performance 


. It is based on the »'BURST algorithm" * 




HIGHPERFORMANCE: DO 












* 




LITERALS 








DECLARE 


LIT 


LITERALLY 'LITERALLY 




DECLARE 


TRUE 


LIT 


•OFFH» 






DECLARE 


FALSE 


LIT 


'OOH' 






DECJliARE 


BAUD__9600 


LIT 


'003CH' 




;/* Character configurations */ 




BAUD_19200 


LIT 


'OOIEH' 




UXiCIjAR£ 


BAUD_2 88000 


LIT 


•0002H' 






UiltCJLtAJcCCi 


DLAB__0 


LIT 


»01111111B' 


•/* Reset DLAB */ 


DECLARE 


DLAB 1 


LIT 


'lOOOOOOOB' 


r/* Set DLAB */ 


DECLARE 


CR 


LIT 


•ODH' 






DECLARE 


LF 


LIT 


•OAH' 




DECLARE 


X Off 


LIT 


•13H' 






DECLARE 


X On 


LIT 


'IIH' 






DECLARE 


End Of File 


LIT 


•lAH' 






DECLARE 


BASE 510 


LIT 


•080H' 




V* 8 2 5 1 0 registers */ 


DECLARE 


NASO 


LIT 


•OOOOOOOOB' 




DECLARE 


WORKl 


LIT 


•OOlOOOOOB' 




DECLARE 


GEN2 


LIT 


•OlOOOOOOB' 




DECLARE 


M0DM3 


LIT 


OllOOOOOB' 




DECLARE 


TXD 


LIT 


BASE 510 


+ 0' 


/* BANK 0 - NAS */ 


DECLARE 


RXD 


LIT 


BASE 510 


+ 0' ; 




DECLARE 


BAL 


LIT 


BASE 510 


+ 0' J 




DECLARE 


BAH 


LIT 


BASE 510 


+ 2' ; 




DECLARE 


GER 


LIT 


BASE 510 


+ 2' ; 




DECLARE 


GIR 


LIT 


BASE 510 


+ 4' ; 




DECLARE 


BANK 


LIT 


BASE 510 


+ 4" ; 




DECLARE 


LCR 


LIT 


BASE 510 


+ 6» ; 




DECLARE 


MCR 


LIT 


BASE 510 


+ 8» ; 




DECLARE 


LSR 


LIT 


BASE 510 


+10 » ; 




DECLARE 


MSR 


LIT 


BASE 510 


+12 » ; 




DECLARE 


ACRO 


LIT 


BASE 510 


+14' ; 




DECLARE 


RXF 


LIT 


BASE 510 


+ 2» ; 


/* BANK 1 - WORK */ 


DECLARE 


TXF 


LIT 


BASE 510 


+ 2' ; 




DECLARE 


TMST 


LIT 


BASE 510 


+ 6' ; 




DECLARE 


TMCR 


LIT 


BASE 510 


+ 6' ; 




DECLARE 


FLR 


LIT 


BASE 510 


+ 8' ; 




DECLARE 


RST 


LIT 


BASE 510 


+10' ; 




DECLARE 


RCM 


LIT 


BASE 510 


+10' J 




DECLARE 


TCM 


LIT 


BASE 510 


+12' ; 




DECLARE 


GSR 


LIT 


BASE 510 


+14 » ; 




DECLARE 


ICM 


LIT 


BASE 510 


+14' ; 




DECLARE 


FMD 


LIT 


BASE 510 


+ 2' ; 


/* BANK 2 - GENERAL CONFIGURE */ 


DECLARE 


TMD 


LIT 


BASE 510 


+ 6' ; 
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DECLARE IMD 


LIT 


•BASE__510 + 8' 








DECLARE ACRl 


LIT 


' BASE_510 +10 ' 








DECLARE RIE 


LIT 


'BASE_510 +12' 








DECLARE RMD 


LIT 


•BASE_510 +14* 










LIT 


'BASE^DlO + U' 


;/* 


BANK 3 - MODEM 


V 


DECLARE BBL 


LIT 


'BASE__510 + 0' 


?/* 


DLAB«1 


*/ 


DECLARE BACF 


LIT 


'BASE_510 + 2' 






DECLARE BBH 


LIT 


'BASE_510 + 2' 


?/* 


DLAB^l 


*/ 


DECLARE BBCF 


LIT 


'BASE_510 + 6' 




DECLARE PMD 


LIT 


'BASE^DlO + 8' 








DECLARE rlXE 


LIT 


'BASE__510 +10' 










LIT 


'BASE_^D10 +12' 










T TT 


UUUUXUUUX3 




opecirxc jTe^xSueir dxtis 


*/ 


nTTr^T ^OTT HTO MCD 


T TT 


UUUUUUUXD 






fMP^T iviSTii T>e»o iur<9n 
UCiCLiAjKJCi DSR__IaSR 


LIT 


1 AA1 AAAAAB 1 

' OOlOQUOOc 








UACljARr. CLRSTAT ICM 


LIT 


1 AAAAA1 AAO 1 








DECLARE INTR__510 


LIT 


' 21H' 








DECLARE P0RT_8 0 1 3 OM 


LIT 


' 0E2H' 








DECLARE EN__80130 


LIT 


* OFDH • 








fMS^T lid? TS^T^m y!>r\ir 

UECLiARE PORT__EOI 


LIT 










DECLARE COMM__EOI 


LIT 


• 61H' 


;/* 


End Of Interrupt command 


*/ 


DECLARE ENRTX_GER 


LIT 


' OOOOllllB* 


;/* 


Enable Interrupt bits 


*/ 


DECLARE ENTX_GER 


LIT 


• OOOOOOlOB* 




DECLARE ENTXSTAT__GER 


LIT 


' OOOOlllOB ' 








Uti\»LiAKCt £<NRA_(i£iR 


LIT 


tAAAAT 1 Aini 








DECLARE ENTIMRX__GER 


LIT 


'OOlOllOlB' 








Dc.C.ljAi<£ DISTX__GER 


LIT 


tAAAAl 1 A1BI 
' OOOOIIOIB ' 










JLiXX 


I AAAAAAT AD 1 


/* 


Disable Interrupt bits 


*/ 


OCiCJLAKfi DXSRTX_G£R 


LIT 


' OOOOOOOOB ' 




UCiCIaAKJS TATnRESHO__FMD 


LIT 


' OOOOOOOOB ' 


•/* 


FIFO threshold 


*/ 


DECJLAKE RATnRESnO_^FMD 


LIT 


' OOOOOOOOB' 




DECLARE RXTnRESH3__FMD 


LIT 


' OOllOOOOB' 








DECLARE MASK__^RXOCC 


LIT 


'OlllOOOOB' 1 


/* 


Mask on occupancy bits 


*/ 


DECLARE flASK_^TXOCC 


LIT 


'OOOOOlllB' , 




T\B>^T lint? mrx e* V A/^Tiomnin 
UECLtAKE MA5K__ACRSTAT 


LIT 


'OlOOOOOOB* , 


/* 


Mask on ACR status bits 


V 


DECLARE CHRLEN__8 


LIT 


'OOOOOOllB' ; 


/* 


Async parameters 


*/ 


DECLARE STPBIT^^l 


LIT 


'OOOOOOOOB' ; 






DECLARE PARITY_NON 


LIT 


•OOOOOOOOB* ; 








DECLARE SWRES_CMND 


LIT 


•OOOIOOOOB* ; 








DECLARE ERRCHR_RST 


LIT 


'OOOOlllOB' ; 








DECLARE ACRSTAT__RIE 


LIT 


.'OlOOOOOOB' ; 








DECLARE ACRSTAT__RST 


LIT 


'OlOOOOOOB' ; 








DECLARE NONI_GIR 


LIT 


'OOlOOOOlB' ; 


/* 


Interrupt vector 


*/ 


DECLARE MODMI_GIR 


LIT 


'OOlOOOOOB' ; 




DECLARE TXI^GIR 


LIT 


'OOlOOOlOB' ; 








DECLARE RXI GIR / 


LIT 


•OOlOOlOOB' ; 








DECLARE STATI GIR 


LIT 


'OOlOOllOB' 








DECLARE TIMI GIR 


LIT 


'OOlOlOlOB' 








DECLARE AUTOACK IMD 


LIT 


•OOOOIOOOB' 








DECLARE TIMdD BBCF 


LIT 


'OOOOOOOOB' 


/* 


Timer 


V 


DECLARE TIMBI TMIE 


LIT 


•OOOOOOlOB' 




DECLARE FIFO IMD 


LIT 


•OOOOOOOOB' 








DECLARE STARTIMB TMCR 


LIT 


•OOlOOOlOB' 








DECLARE STARTIMB TMST 


LIT 


•OOOOOOlOB' 








DECLARE RTXCLK BRGA CLCF LIT 'OIOIOOOOB' ; 








DECLARE LOW BAUD 


LIT 


•OOH^ 


/* 


BURST algorithm 


*/ 


DECLARE HUNTING MODE 


LIT 


'OIH' 




DECLARE SINGLE MODE 


LIT 


'02H' 








DECLARE BURST MODE 


LIT 


•03H' 








DECLARE TIME EXP 


LIT 


•OFFFFH' 


/* 


timeout=7mS (at 18.4 Mhz) 


*/ 


DECLARE WAIT TIME 


LIT 


OOFFFH' 


/* 


WAIT_FOR_H0DEM_STATUS 


V 
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****/ 

V 

*/ 



DECLARE TX_PTR PQINTER PUBLIC 
DECLARE TX__BUF BASED TX PTR (3000) BYTE 
DECLARE IX_TX WORD PUBLIC ; 

DECLARE RX_BUF(3000) BYTE PUBLIC; 
DECLARE IX_RX WORD PUBLIC 

DECLARE INTR_VEC BYTE PUBLIC 
DECLARE FIN__TX BYTE PUBLIC 

DECLARE FIN_RX BYTE PUBLIC 

DECLARE R5C_CHR BYTE PUBLIC 

DECLARE TX^CHR BYTE PUBLIC 

DECLARE TX_OCC BYTE PUBLIC 

DECLARE RX_OCC BYTE PUBLIC 

DECLARE STAT BYTE PUBLIC 

DECLARE BAUD WORD PUBLIC 

DECLARE TEMP BYTE PUBLIC 

DECLARE FIN BYTE PUBLIC 

DECLARE SELECTION . ^YTE PUBLIC 
DECLARE RECEIVER iBYTE PUBLIC 
DECLARE BURST_AL60 BYTE PUBLIC 
DECLARE MODEM_HANDSHAKE BYTE PUBLIC 
DECLARE COUNTER WORD PUBLIC ; 

DECLARE RX ERROR BYTE PUBLIC ; 



/* Transmit buffer 
/* Receive buffer 



/* Finish Transmission flag */ 
/* Finish Reception flag */ 



/* Receive station 
/* BURST algorithm 



/* Error pccurred during 
/* reception 



^ 

/* I/O console utilities */ 
$INCLUDE (:F1:TI0HP.PEX) 

/* Setup and H/W configurations */ 
$INCLUDE (:F1:HPUTIL.PEX) 

DECLARE MAIN LABEL PUBLIC ; 



* Procedure INITIALIZATIC 

***itieisie*it1c***ifkieifk1fk it-kit -k it *ii 



* input: none * 

* output: none * 

* function: driver initialization: parameters, 82510 * 

* configuration, modem status check. * 

* called by: Main * 

* calling: CONFIG_82510, INITIALIZE__BURST, WAIT FOR MODEM * 

* * 

* Init the Interrupt mechanism by enable Interrupt in GER register * 

* At the Receive station: Enable Rx FIFO, Status and Modem Interrupts * 

* Disable Timer Interrupt * 

* At the Transmit station: Enable Tx FIFO, Status and Modem Interrupts. * 

* , * 

* flowchart: figure 7 description: paragraph 6.3 * 

k**ieitititit**icit***it*it1titiiititit*k*itkkitkit*****ititit*kitititit*ii*it**iticii****ititifitit*iei(it1t*k* 



INITIALIZATIONS: PROCEDURE PUBLIC ? 
DISABLE 

CALL SEt$INTERRUPT(INTR_510,INTR_HANDLER) ; 

/* Install THE INTR HANDLER */ 

TX_CHR=^00 ; /* Clear TX_CHR and RX^CHR */ 

RX CHR=00 ; 
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CALL TEXT ; 

IX__TX« OFFFFH 
IX__RX« OFFFFH 
FIN__TX-FALSE 
FIN_RX-FALSE 
RX_BUF(O)"0 
RX ERROR»FALSE 



BAUD^BAUD 288000 



CALL CONFIG 82510 ; 



/* TX_PTR is a pointer to the transmitted*/ 
/* data */ 
/* The index buffer are assigned to -1 */ 

/* Init Finish Transmit and receive flags*/ 



/* Reset the flag */ 

/* The Async communication Baud rate is */ 
/* the 82510-full scale 288000 */ 

/* Configured the 82510: */ 
/* S/W reset, character length, parity, */ 
/* stop bit, baud rate and fifo threshol */ 



* INITIALIZE_BURST * 

*********** w*************************^;^;******* 

* input: none * 

* output: Burst__Algo * 

* function: start Burst algorithm in Hunting mode * 

* called by: INITIALIZATIONS * 

* calling: none * 

* * 

* flowchart: figure 4 description: paragraph 6.2.1 * 

IF BAUD<=BAUD_9600 THEN BURST_ALGO«HUNTING_M0DE ; 

/* HUNTING mode: */ 
/* Rx FIFO threshold is 0 */ 
/* Timer interrupt is disable */ 

ELSE BURST_ALG0=L0W_BAUD ; 

CALL WAIT__F0R__M0DEM_STATUS ; 

/* Wait for Modem handshake line "DSR" */ 
/* if ACTIVE set MODEM__HANDSHAKE */ 

TEMP « INPUT (RXD) ; 
TEMP « INPUT (RXD) ; 
TEMP « INPUT (RXD) ; 
TEMP = INPUT (RST) ; 



END INITIALIZATIONS ; 



* Procedure CONFIG_82510 * 

* input: none * 

* output: none * 

* function: configure the 82510 to a specific operation * 

* mode * 

* called by: INITIALIZATIONS * 

* calling: none * 

* * 

* flowchart: figure 8 description: paragraph 6.3 * 

*4e1t***t******it*********ic**1t**1t4t*4t***it****4titrk ******** 

CONFIG_82510: PROCEDURE PUBLIC ; 

/* Perform Software reset */ 

OUTPUT (BANK) = WORKl; /* Move to work bank */ 

OUTPUT (ICM) « SWRES_CMND; /* S/W reset command */ 
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/* BANK ZERO - NAS (The default BANK) */ 

/* Configured the character by writing to LCR: */ 

/* 1 stop bit, 8 bit lengh, non parity */ 

OUTPUT (LCR) »(STPBIT_1 + CHRLEN 8 + PARITY NON) ; 

OUTPUT (MCR)«(DTR_MCR OR 0UT2__MCR) ; 

/* Required only in IBM PC environment: */ 
/* set 0UT2 signal to control an external*/ 

/* 3 -state buffer that drives the 82510 */ 

/* interrupt signal */ 

IF RECEIVER THEN OUTPUT (ACRO) =End_Of__File ; 

/* At the Receive station EOF is */ 

/* recognized to terminate reception */ 

ELSE OUTPUT(ACR0)« X_OFF ; /* At the Transmit station "X Off" is */ 

/* recognized to stop transmission */ 

/* temporary */ 

/* Enable 82510 Interrupt by set GER, */ 

/* done at the end of INITIALIZATIONS */ 

/* Init the 82510 Interrupt mechanism */ 

DISABLE ; 

IF RECEIVER THEN OUTPUT (GER) =ENRX_GER ; 

/* at the Receive station */ 

ELSE OUTPUT (GER) =ENTXSTAT_GER ; 

/* and the Transmit station */ 

/* Configured baud rate to 288000 */ 

/* by writing to BRG A (BAL and BAH) */ 

OUTPUT (LCR) =INPUT (LCR) OR DLAB_1; /*Set DLAB to allow access to BRG */ 

OUTPUT ( BAL) «LOW (BAUD_288000) ; 

OUTPUT (BAH) «HIGH (BAUD_288000) ; 

OUTPUT (LCR) =INPUT (LCR) AND DLAB_0; /* reset DLAB */ 

/* BANK TWO - General configuration */ 
OUTPUT (BANK) «GEN2 ; 

OUTPUT (IMD) = (AUTOACK__IMD OR FIFO__IMD) ; 

/* Automatic interrupt acknowledge, */ 

/* Rxfifo depth is four bytes */ 

OUTPUT (FMD)'=(TXTHRESHO_FMD OR RXTHRESHO_FMD) ; 

/* Rxfifo threshold is temporally zero */ 

/* for HUNTING mode (BURST algorithm) */ 

/* Txfifo threshold is zero for max */ 

/* interrupt latency */ 

IF RECEIVER THEN OUTPUT ( ACRl ) «End__Of__File ; 

/* At the Receive station EOF is */ 

/* recognized, the same as ACRO */ 

ELSE OUTPUT (ACR1)=X__0N ; /* At the Transmit statibn "X On" is */ 

/* recognized to continue transmission */ 

OUTPUT (RIE) « (ACRSTAT_RIE OR INPUT (RIE)) ; 

/* Enable interrupt on programmed control*/ 

/* character received (ACRO/ACRl) */ 

/* BANK THREE ~ MODEM configuration */ 
OUTPUT (BANK) «M0DM3 ; 

OUTPUT (BBCF)«(TIMOD_BBCF) ; /* BRG B configured to TIMER mode */ 

OUTPUT (BANK) « NASO; /* Move to nas bank to set DLAB */ 

OUTPUT ( LCR) =INPUT( LCR) OR DLAB_1 ; /* Set DLAB to allow access to BRG */ 

OUTPUT (BANK) = M0DM3 ; /* MODEM bank */ 

OUTPUT(BBL) = LOW (TIME_EXP) ; /* Set max timeout (7ms if ISMhz crystal)*/ 
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OUTPUT (BBH) « HIGH(TIME_EXP) ; /* to issue interrupt when time has ★/ 

OUTPUT(BANK) = NASO; /* expired. Move to NAS bank again */ 

OUTPUT (LCR) -INPUT (LCR) AND DLAB__0 ; /* Reset DLAB */ 

OUTPUT (BANK) « M0DM3 ; /* Switch to BANK THREE - MODEM */ 

OUTPUT (CLCF)=RTXCLK_BRGA__CLCF ; /* The receive and transmit clock source */ 

/* is BRG A */ 

OUTPUT (TMIE)«TIMBI__TMIE ; /* Enable Timer block interrupt */ 

/* (stil disabled in Timer bit in GER) */ 

/* BANK ONE - general WORK - The RUNTIME b^ink */ 
OUTPUT ( BANK) «W0RK1 ; 

OUTPUT (ICM)«CLRSTAT_ICM ; /* Issues a command to clear all */ 

/* status registers */ 

/* Remain in WORK- THE runtime bank */ 

END CONFIG_82510 ; 

* Procedure WAIT_FOR_MODEM_STATUS * 

*'ff****it*it*it****itit-k*it1t***iiliit1tit1tititit*itititit***1eicic*1cit-k*it1t* 

* input: none * 

* output: Modem__Handshake * 

* function: waits with a timeout for DSR active, * 

* returns status flag * 

* called by: INITIALIZATIONS * 

* calling: none * 

* * 

* flowchart: figure 9 description: paragraph 6.3.1 * 

**«***********4r*******4t4t ************** ********* y 

WAIT_FOR__MODEM_STATUS : PROCEDURE PUBLIC ; 

MODEM_HANDSHAKE - FALSE ; 
COUNTER « WAIT_TIME ; 

DO WHILE (NOT MODEM_HANDSHAKE) AND ( (COUNTER: «C0UNTER-1) > 0 ) ; 

IF ( INPUT (MSR) AND DSR__MSR) <> 0 THEN MODEM HANDSHAKE = TRUE ; 
END ; 

END WAIT__FOR_MODEM__STATUS ; 

/*****************************************************4r***************^*^* 

* Procedure INTERRUPT HANDLER * 
**************************************************sk«**««***«*«««*^«*^«^AA 

* input: Tx Buffer * 

* output: Rx Buffer, Finish_Tx, Finish__Rx * 

* function: service all 82510 interrupt sources: * 

* Rx Fifo, Tx Fifo, Status, Timer, Modem * 

* called by: 82510 hardware interrupt * 

* calling: Rx__Fifo_Intr, Tx_Fifo__Intr, Status_Intr, * 

* Timer_Intr, Modem_Intr * 

* * 

* flowchart: figure 10 description: paragraph 6.4, 6.4.1 * 
********************************* *******************************«****A^*Ay 

INTR_HANDLER: PROCEDURE INTERRUPT INTR_510 REENTRANT PUBLIC ; 

ENABLE ; /* Enable Interrupts of */ 

/* HIGHIER priority devices */ 

INTR__VEC=INPUT(GIR) ? /* Get the 82510-highest priority */ 

/* pending interrupt */ 
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* Rx_FIFO_INTR * 

* input: none * 

* output: Rx_Buffer, Burst_Algo * 

* function: service Rx Fifo interrupt * 

* receive characters; store in receive buffer * 

* called by: INTERRUPT HANDLER * 

* calling: BURST__ALGO * 

* * 

* flowchart: figure 11 description: paragraph 6.4.2 * 
**********************************************^**^^^*^^^^^^^^^^^^^^^^^^^^^ 

IF INTR_VEC=RXI_GIR THEN DO ; 

RX_OCC=INPUT(FLR) ; /* Rx fifo level occupancy */ 

/* Shift the Rx occupancy bit */ 

RX_0CC«SHR(RX_0CC,4) ; /* to get it's real value */ 

/* - OPTIMIZE code - */ 

/* Empty the Rx FIFO and store the */ 

/* received character in RX BUF */ 

RX_BUF(IX_RX:«IX_RX+1)=INPUT(RXD) ; 

/* Read the first character immediatly */ 

/* to save Real Time */ 

DO WHILE (RX_0CC:=RX_0CC-1) > 0 ; 

RX_BUF(IX_RX:«IX RX+1) =INPUT(RXD) ; 

END ; 



* BURST_ALGORITHM * 

* input: Burst_Algo * 

* output: Burst_Algo * 

* function: execute a step in the burst algorithm * 

* after characters are received * 

* called by: Rx__FIFO_INTR * 

* calling: none * 

* * 

* flowchart: figure 5 description: par. 6.2.2.1 to 6,2.2.3 * 
******************************************************************* y 



/* „ . 

* BURST MODE- step 3 (full fifo threshold) 

* Reset the Timer status 

* Restart the Timer 

*-.—.— — .«« 

IF BURST_ALGO « BURST_MODE THEN DO ; 

TEMP « INPUT (TMST) ; 

OUTPUT (TMCR) ^STARTIMB^TMCR ; 
END? 



/* 

* HUNTING MODE- step 1 

* Operate the TIMER 

* Change to step 2 SINGLE mode 
*.——«-.—»_. 

ELSE IF BURST_ALGO = HUNTING__MODE THEN DO ; 

OUTPUT (TMCR) «STARTIMB_TMCR ; 

BURST_ALGO«S INGLE MODE ; 
END ; ~ 
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* SINGLE MODE- Step 2 

* If TIME has expired, means the receive 

* rate is LOW, return to HUNTING mode 

* If TIME did NOT expire, means the 

* Receive rate is HIGH, set Rx FIFO threshold. Restart the 

* Timer and switch to BURST mode 

★ — .......... ..... 

ELSE IF BURST ALGO = SINGLE MODE THEN DO ; 



-V 



IF ((INPUT(TMST) AND STARTIMB^TMST) <>0) THEN 
BURST__ALGO- HUNTING__MODE ; 

ELSE DO; 

OUTPUT (BANK) « GEN2;/* Switch to BANK TWO - General Config */ 
OUTPUT (FMD)-TXTHRESHO_FMD OR RXTHRESH3_FMD ; 

OUTPUT(BANK) «=NASO; /* Switch to BANK ZERO - NAS */ 
OUTPUT (GER) = ENTIMRX__GER; 

/* Enable TIMER, RX and MODEM interrupts */ 
OUTPUT (BANK) -WORKl; /* Switch to BANK ONE - WORK */ 
BURST_ALGO = BURST__MODE; 

TEMP = INPUT (TMST); /* Reset timer status */ 
OUTPUT (TMCR) -= STARTIMB^TMCR ; 
END; 

END; /* End of SINGLE mode */ 

/* ... .End of BURST algorithm */ 

/* Another try to empty the Rx fifo */ 
/* before leaving the interrupt handler */ 

DO WHILE (INPUT (FLR)<>0) ; 

/* Empty the Rx FIFO and store the */ 
/* received character in RX_BUF */ 
RX_BUF ( IX_RX : =IX_RX+1 ) «INPUT (RXD) ; 
END ; 

END ; /* End of Rx fifo interrupt */ 

* TxFIFO INTR * 



* input: Tx_Buffer 

* output: Finish_tx 

* function: service Tx Fifo interrupt 

* transmit characters from transmit buffer (OPTIMIZE code) 

* called by: 

* calling: 



* flowchart: figure 12 description: paragraph 6.4.3 



ELSE IF INTR_VEC=TXI_GIR THEN DO ; 
TX_OCC=INPUT(FLR) AND MASK_TXOCC ; 

/* Tx fifo level occupancy */ 
/* Fill Tx FIFO, the transmitted characters are taken from TX buf */ 
DO WHILE (TX__0CC:'=TX__0CC+1)<5 ; 

OUTPUT (TXD) =TX_BUF ( IX_TX : =IX_TX+1 ) ; 
IF TX_BUF(IX__TX)=End_Of File THEN DO ; 

OUTPUT ( BANK) «NASO ; " /* Disable Tx interrupt, as the transmit */ 
OUTPUT (GER) =DISTX_GER; /* delimiter character was identified */ 
OUTPUT (BANK) =W0RK1 ; /* Switch to BANK ONE - WORK */ 
TX_OCC = 5 ; /* load TX_OCC to terminate external loop*/ 

FIN__TX := TRUE ; /* Set Finish transmit flag */ 



END 

END 

END ; 



/* End of TXFIFO_INTR */ 
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* STATUS_INTR * 

* input: none * 

* output: Finish__Rx * 

* function: service Status interrupt * 

* Receive station: EOF terminate the reception * 

* Transmit station: X_Off Disable the transmission * 

* X_On Enable the transmission * 

* called by: INTERRUPT HANDLER * 

* calling: none * 

* * 

* flowchart: figure 13 description: paragraph 6.4.4 * 



ELSE IF INTR_VEC«=STATI_GIR THEN DO ? 

STAT«INPUT(RST) ; /* Get the current RST status */ 

RX_OCC=INPUT(FLR) ; /* Rx fifo level occupancy */ 

RX_OCC=SHR (RX_OCG , 4 ) ? 

DO WHILE (RX_OCC>0 AND (NOT FIN RX) ) ; 

RX_0CC=RX_0CC-1 ; /* First, empty Rx FIFO */ 

RX_CHR«lNPUT(RXD) ; 

IF RECEIVER THEN RX_BUF(IX_RX:=IX_RX+1)=RX_CHR ; 

ELSE DO ; 

IF RX_CHR « X_OFF THEN DO ; 

OUTPUT (BANK) «NASO;/* Switch to BANK ZERO - NAS */ 
OUTPUT (GER) « INPUT (GER) AND DISTX_GER ; 

/* Disable Transmit interrupt */ 
OUTPUT (BANK) «W0RK1?/* Switch to BANK ONE - WORK */ 
END ; 

ELSE IF RX_CHR « X_ON THEN DO ; 
OUTPUT (BANK) = NASO ; 

OUTPUT (GER) = INPUT (GER) OR ENTX_GER ; 

/* Enable Transmit interrupt again */ 
OUTPUT (BANK)* WORKl ; 
END ; 
END ; 
END ; 

IF RECEIVER THEN DO ; 

IF ((STAT AND ACRSTAT__RST) <> 0) THEN DO ; 

OUTPUT (BANK)- NASO ; /* If End__Of_Line was recognized, */ 
OUTPUT (GER) « DISRTX^GER ; 

OUTPUT (BANK) « WORKl ; /* Disable 82510-interrupts and the */ 
FIN__RX = TRUE ; /* Reception */ 

END ; 

ELSE IF ((STAT AND ERRCHR RST) <> 0) THEN DO ; 

CALL WRITE(@('** ERROR^in Character Status ',0)) ; 
CALL ERROR__CHAR_HANDLER ; 

IF BURST__ALGO=BURST_MODE THEN DO ; 

/* In BURST mode do: */ 
TEMP « INPUT(TMST) ; /* Reset timer status */ 
OUTPUT (TMCR) « STARTIMB_TMCR ; 
END; /* Restart TIMER */ 

END ; 
END ? 

END 7 /* End of STATUS interrupt */ 
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* TIMER__INTR * 

************************4r*4r****************4c*4r ******** 

* input: none * 

* output: Burst_Algo * 

* function: service Timer interrupt; receive characters * 

* and switch Burst Algo to HUNTING mode * 

* called by: INTERRUPT HANDLER * 

* calling: BURST &TIMER * 

* * 

* flowchart: figure 14 description: paragraph 6.4.5 * 



******************** **********4r *************************************** / 



ELSE IF INTR__VEC«TIMI_GIR THEN DO ; 

IF ((RX_OCC: -INPUT (FLR))<>0) THEN DO ; 

RX_0CC«SHR(RX_0CC,4) ; /* Rx fifo level occupancy, shift right */ 
/* - OPTIMIZE code - */ 
/* Empty the Rx FIFO and store the */ 
/* received character in RX BUF */ 

RX_BUF(IX_RX:«IX__RX+1)'=INPUT(RXD) ; 

DO WHILE (RX__0CC:-RX_0CC-1) > 0 ; 

RX_BUF ( IX_RX : «IX__RX+1 ) "INPUT ( RXD) ; 

END ; 

/* Store the received character in RX buf*/ 

END ; 



/************************************************************** *****^^^^^^ 

* BURST & TIMER * 
**************************************************************** **^^^^^^^ 

* input: Burst_Algo * 

* output: Burst_Algo * 

* function: execute a step in the burst algorithm * 

* after timer interrupt; switch to HUNTING * 

* called by: TIMER_INTR * 

* calling: none * 



* flowchart: figure 6 description: paragraph 6.2.2.4 * 

****************************************************************^^^^^^^^^ y 

OUTPUT(BANK) « 6EN2 ; /* Switch to BANK TWO - General Config */ 

OUTPUT (FMD) « TXTHRESHO__FMD OR RXTHRESHO_FMD ; 

/* Rxfifo threshold=0, Txfifo threshold^O*/ 



OUTPUT (BANK) « NASO; /* Switch to BANK ZERO - NAS */ 

OUTPUT (GER) e ENRX_GER; /* Disable Timer interrupt and */ 

OUTPUT (BANK) = WORKl; /* Enable RX , STAT , MODEM interrupts */ 

TEMP « INPUT (TMST); /* Acknowledge TIMER interrupt */ 

BURST__ALGO = HUNTING_MODE ; /* Back to HUNTING mode */ 

END ; /* End of TIMER interrupt */ 
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* MODEM_INTR ; * 

* input: none * 

* output: none * 

* function: service Modem interrupt and handle modem errors. * 

* Modem interrupt is occurred if No Modem was setup, or * 

* if DSR was dropped in the middle of the communication * 

* called by: INTERRUPT HANDLER * 

* calling: none * 

* * 

* flowchart: figure 1$ description: paragraph 6.4.6 * 

ELSE IF INTR_VEC«MODMI_GIR THEN DO ; 

STAT=INPUT(MSR) ; /* Get MODEM status */ 

CALL ERROR_MODEM__HANDLER ; /* Handel Modem Errors handshake */ 

END ; /* End of MODEM interrupt */ 

OUTPUT (PORT_EOI)=COMM_EOI ; /* Write End_Of__Interrupt command to the */ 

/* PIC (825dA) */ 

END INTR HANDLER ; 



* Procedure ERROR_MODEM_HANDLER * 
ERROR__MODEM_HANDLER: PROCEDURE PUBLIC ; 

MODEM_HANDSHAKE « FALSE ; /* Flag indicates that an Error occurred */ 

/* in Modem */ 



END ERROR_MODEM__HANDLER 7 



* Procedure ERROR_CHAR_HANDLER * 

ERROR_CHAR__HANDLER: PROCEDURE PUBLIC ; 
RX ERROR «= TRUE ; 



OUTPUT (BANK) 
OUTPUT (GER) 
OUTPUT (BANK) 



NASO ; 

DISRTX_GER ; 
WORKl ; 



/* Flag indicates that an Error occurred */ 
/* during Reception */ 

/* Switch to BANK ZERO - NAS */ 
/* Disable all the 82510 Interrupts */ 
/* Switch to BANK ONE - WORK */ 



END ERROR CHAR HANDLER ; 
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* Procedure LOOP * 

* * 

* LOOP procedure is executed until Transmission/Reception Finishes * 

* or until the loop ends. * 



********************************************************************* 

LOOP: PROCEDURE PUBLIC ; 
DECLARE N WORD ; 
DECLARE NUM WORD ; . 
DECLARE MAXLOOP BYTE ; 
MAXLOOP- 20 ; 
NUM-0 ; 

DO WHILE ( (NOT FIN_TX) AND (NOT FIN_RX) AND (NUM<MAXLOOP) ) ; 

NUM*NUM+1 ? /* Count the LOOP times */ 

CALL WRITELN(§ ( • . . . Background Program . . . • , 0) ) ; 
ENABLE ; 

CALL TIME (5000) ; /* Software delay */ 

END 

IT FIN^TX THEN CALL WRITELN(§(»T ransmission - ENDED '.0)); 
IF FIN_RX THEN CALL WRITELN(@(»R eception -ENDED 

OUTPUT (BANK) «NASO ; /* if Communication is Not ended */ 

OUTPUT (GER)«DISRTX_GERr /* successfully the Interrupts are */ 

OUTPUT ( BANK) =W0RK1 ; /* Disabled by MAIN ' */ 

IF RECEIVER THEN DO ; /* Display RX buffer */ 

IF FIN_RX THEN DO ; 

CALL WRITELN(@ ( 'The Received Message: • , 0) ) ; 
CALL DISPTEXT(@RX BUF) ; 
END ; 
ELSE 

CALL WRITELN(@( •** ERROR -THE Reception NOT ended successfully 0) ) ; 

END ; 



ELSE IF (NOT FIN^TX) THEN /* The Transimt station */ 

CALL WRITELN(@( •** ERROR -THE Transmission NOT ended successfully ' 0) ) ; 
END LOOP ; 

/***********************************************************************^^ 

* Procedure TEXT * 
**********************************************************************^^^ 

* input: none * 

* output: Tx_ptr * 

* function: Return a pointr to the Transmit buffer. Data in the * 

* transmit buffer must be trminated by End Of File. * 

* called by: INITIALIZATIONS * 

* calling: none * 



*************************************************************************y 

TEXT: PROCEDURE PUBLIC ; 

TX_PTR«@('>', 
CR,LF, 

•ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopqrstuvwxyz0123456789' , 
CR f LF / 

•ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopgrstuvwxyz0123456789' , 
CR,LF, 

»ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopqrstuvwxyz0123456789' 
CR,LF, 

•ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopgrstuvwxyz0123456789' 
CR.LF, 

»ABCDEFGHIJKLMNOPQRSTUVWXYZ0123456789abcdefghijklmnopgrstuvwxyz0123456789' 
CR , LF , End__Of _File , 0 ) ; 

/* End_Of File-terminate the Transmission*/ 

END TEXT ; 
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* External procedures r . * 

* WRITELN: I/O console utility ^ dispaly a string, end with CR * 

* MENU: I/O console utility - display a menu, enter the user * 

* selection * 

* DISPTEXT: I/O console utility - display the contents of the * 

* Receive buffer (Rx_buf ) * 

* INIT__HARDWARE_SETUP: Setup and Hardware configurations of the * 

* specific station * 
**************************************************** ^ 



* Procedure MAIN * 
***************************************************** 

* input: Finish_Rx, Finish_Tx * 

* output: Receiver flag * 

* function: get station type (Rx or Tx) from the operator; * 

* wait till communication is completed; display; * 

* RECEIVER STATION SHOULD BE ACTIVATED FIRST * 

* called by: Application * 

* calling: INITIALIZATIONS, LOOP * 

* * 

* flowchart: figure 3 description: paragraph 6.1 * 

MAIN: 

CALL INIT__HARDWARE_SETUP 

/* External, Setup and H/W configurations*/ 

FIN=FALSE ; 
DO WHILE NOT (FIN) ; 
SELECTION=0 ; 

CALL WRITELN ( @ ( • ^ r SO)); 

SELECTION-MENU (SELECTION, @ ( 'Station: (Quit/Transmitter/Receiver) ' , 0) ) ; 

/* Get operator selection. */ 
/* Receiver station should be activated */ 
/♦prior to the transmitter station */ 

DO CASE SELECTION ; 

FIN-TRUE ; /* 0 - Quit of HIGH PERFORMANCE Driver */ 
DO ; /* 1 - Transmit station */ 

RECEIVER-FALSE ; 

CALL INITIALIZATIONS ; 

CALL' LOOP ; 

END ; 

DO ; /* 2 - Receive station */ 

RECEIVER-TRUE ; 
CALL INITIALIZATIONS ; 
CALL LOOP ; 

END ; 

END ; 
END ; 

CALL EXIT ; 

END HIGHPERFORMANCE ; 
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APPENDIX B 
82510 BASED SBX SERIAL CHANNEL 



This document describes the implementation of an 
82510 based SBX board that provides a RS-232 inter- 
face to any iSBC board which has an SBX connector. 
The SBX can be useful for customers that need a fast 
software development vehicle while the 82510 system 
hardware is still in the design stage. The customer can 
also use the SBX for evaluation of the 82510 in a sys- 
tem environment. 

In order to minimize the customer's software develop- 
ment costs, the RMX86/286 Terminal Device Driver 
for the 82510 has also been developed and can be run 
by the RMX user on his iSBC with the SBX-82510 
board described herewith. The RMX86/286 drivers are 
available from INSITE, along with the source code and 
the documentation. 



BOARD DESCRIPTION (See Figure B-1) 

The following 82510 signals are connected directly to 
the SBX connector (installed on the pin side): DATA, 
ADDRESS, INTERRUPT, RESET, READ#, 
WRITE # and CS#. Wait states are generated by a 
shift register logic (U5, U7), clocked by the MCLK 
signal of the SBX interface. The number of wait states 
is selected by installing one of the eight jumpers to se- 
lect one parallel output of the shift register. The 82510 
is clocked by an 18.432 MHz Crystal (using its on-chip 
oscillator). A discrete transistor is used to pull down 
the RTS# signal during RESET to set the crystal mode 
(note that in a larger board, an unused open collector 
inverter or three-state gate can be used for this pur- 
pose). The 82510 is connected to the communication 
channel through RS-232 line drivers and receivers. Ei- 
ther a 25 pin D-Type connector (P) or a 26 pin Flat-Ca- 
ble connector (F) is used to connect the board to the 
RS-232 channel. 
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INTRODUCTION 

The Intel 8273 is a Data Communications Protocol 
Controller designed for use in systems utilizing either 
SDLC or HDLC (Synchronous or High-Level Data 
Link Control) protocols. In addition to the usual fea- 
tures such as full duplex operation, automatic Frame 
Check Sequence generation and checking, automatic 
zero bit insertion and deletion, and TTL compatibility 
found on other single component SDLC controllers, the 
8273 features a frame level command structure, a digi- 
tal phase locked loop, SDLC loop operation, and diag- 
nostics. 

The frame level command structure is made possible by 
the 8273's unique internal dual processor architecture. 
A high-speed bit processor handles the serial data ma- 
nipulations and character recognition. A byte processor 
implements the frame level commands. These dual 
processors allow the 8273 to control the necessary byte- 
by-byte operation of the data channel with a minimum 
of CPU (Central Processing Unit) intervention. For the 
user this means the CPU has time to take on additional 
tasks. The digital phase locked loop (DPLL) provides a 
means of clock recovery from the received data stream 
on-chip. This feature, along with the frame level com- 
mands, makes SDLC loop operation extremely simple 
and flexible. Diagnostics in the form of both data and 
clock loopback are available to simplify board debug 
and link testing. The 8273 is a dedicated function pe- 
ripheral in the MCS-80/85 Microcomputer family and 
as such, it interfaces to the 8080/8085 system with a 
minimum of external hardware. 

This application note explains the 8273 as a component 
and shows its use in a generalized loop configuration 
and a typical 8085 system. The 8085 system was used to 
verify the SDLC operation of the 8273 on an actual 
IBM SDLC data communications link. 

The first section of this application note presents an 
overview of the SDLC/HDLC protocols. It is fairly 
tutorial in nature and may be skipped by the more 
knowledgeable reader. The second section describes the 
8273 from a functional standpoint with explanation of 
the block diagram. The software aspects of the 8273, 
including command examples, are discussed in the 
third section. The fourth and fifth sections discuss a 
loop SDLC configuration and the 8085 system respec- 
tively. 



Opening 
Flag 



Address 
Field (A) 



Control 
Field (C) 



SDLC/HDLC OVERVIEW 

SDLC is a protocol for managing the flow of informa- 
tion on a data communications link. In other words, 
SDLC can be thought of as an envelope — addressed, 
stamped, and containing an s.a.s.e. — ^in which informa- 
tion is transferred from location to location on a data 
communications link. (Please note that while SDLC is 
discussed specifically, all comments also apply to 
HDLC except where noted.) The link may be either 
point-to-point or multi-point, with the point-to-point 
configuration being either switched or nonswitched. 
The information flow may use either full or half duplex 
exchanges. With this many configurations supported, it 
is difficult to find a synchronous data communications 
application where SDLC would not be appropriate. 

Aside from supporting a large number of configura- 
tions, SDLC offers the potential of a 2X increase in 
throughput over the presently most prevalent protocol: 
Bi-Sync. This performance increase is primarily due to 
two characteristics of SDLC: full duplex operation and 
the implied acknowledgement of transferred informa- 
tion. The performance increase due to full duplex oper- 
ation is fairly obvious since, in SDLC, both stations can 
communicate simultaneously. Bi-Sync supports only 
half-duplex (two-way alternate) communication. The 
increase from implied acknowledgement arises from the 
fact that a station using SDLC may acknowledge previ- 
ously received information while transmitting different 
information. Up to 7 messages may be outstanding be- 
fore an acknowledgement is required. These messages 
may be acknowledged as a block rather than singly. In 
Bi-Sync, acknowledgements are unique messages that 
may not be included with messages containing informa- 
tion and each inforn;iation message requires a separate 
acknowledgement. Thus the line efficiency of SDLC is 
superior to Bi-Sync. On a higher level, the potential of a 
2 X increase in performance means lower cost per unit 
of information transferred. Notice that the increase is 
not due to higher data link speeds (SDLC is actually 
speed independent), but simply through better line utili- 
zation. 

Getting down to the more sahent characteristics of 
SDLC; the basic unit of information on an SDLC link 
is that of the frame. The frame format is shown in Fig- 
ure 1. Five fields comprise each frame: flag, address, 
control, information, and frame check sequence. The 
flag fields (F) form the boundary of the frame and all 

Frame 
Check 

Information Sequence Closing 
Field (I) (FCS) Flag 



01111110 


8 Bits 


8 Bits 


Any Length 
0 to N Bits 


16 Bits 


01111110 



Figure 1. SDLC Frame Format 
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other fields are positionally related to one of the two 
flags. All frames start with an opening flag and end 
with a closing flag. Flags are used for frame synchroni- 
zation. They also may serve as time-fill characters be- 
tween frames. (There are no intraframe time-fill charac- 
ters in SDLC as there are in Bi-Sync.) The opening flag 
serves as a reference point for the address (A) and con- 
trol (C) fields. The frame check sequence (FCS) is ref- 
erenced from the closing flag. All flags have the binary 
configuration 01111110 (TEH). 

SDLC is a bit-oriented protocol, that is, the receiving 
station must be able to recognize a flag (or any other 
special character) at any time, not just on an 8-bit 
boundary. This, of course, implies that a frame may be 
N-bits in length. (The vast majority of applications tend 
to use frames which are multiples of 8 bits long, howev- 
er.) 

The fact that the flag has a unique binary pattern would 
seem to limit the contents of the frame since a flag 
pattern might inadvertently occur within the frame. 
This would cause the receiver to think the closing flag 
was received, invahdating the frame. SDLC handles 
this situation through a technique called zero bit inser- 
tion. This techniques specifies that within a frame a 
binary 0 be inserted by the transmitter after any succes- 
sion of five contiguous binary Is. Thus, no pattern of 
01111110 is ever transmitted by chance. On the receiv- 
ing end, after the opening flag is detected, the receiver 
removes any 0 following 5 consecutive Is. The inserted 
and deleted Os are not counted for error determination. 

Before discussing the address field, an explanation of 
the roles of an SDLC station is in order. SDLC speci- 
fies two types of stations: primary and secondary. The 
primary is the control station for the data link and thus 
has responsibility of the overall network. There is only 
one predetermined primary station, all other stations 
on the hnk assume the secondary station role. In gener- 
al, a secondary station speaks only when spoken to. In 
other words, the primary polls the secondaries for re- 
sponses. In order to specify a specific secondary, each 
secondary is assigned a unique 8-bit address. It is this 
address that is used in the frame's address field. 

When the primary transmits a frame to a specific sec- 
ondary, the address field contains the secondary's ad- 
dress. When responding, the secondary uses its own 
address in the address field. The primary is never iden- 
tified. This ensures that the primary knows which of 
many secondaries is responding since the primary may 
have many messages outstanding at various secondary 
stations. In addition to the specific secondary address, 
an address common to all secondaries may be used for 
various purposes. (An all Is address field is usually 
used for this "All Parties" address.) Even though the 
primary may use this common address, the secondaries 
are expected to respond with their unique address. The 
address field is always the first 8 bits following the 
opening flag. 



The 8 bits following the address field form the control 
field. The control field embodies the link-level control 
of SDLC. A detailed explanation of the commands and 
responses contained in this field is beyond the scope of 
this application note. Suffice it to say that it is in the 
control field that the implied acknowledgement is car- 
ried out through the use of frame sequence numbers. 
None of the currently available SDLC single chip con- 
trollers utiHze the control field. They simply pass it to 
the processor for analysis. Readers wishing a more de- 
tailed explanation of the control field, or of SDLC in 
general, should consult the IBM documents referenced 
on the front page overleaf. 

In some types of frames, an information field follows 
the control field. Frames used strictly for link manage- 
ment may or may not contain one. When an informa- 
tion field is used, it is unrestricted in both content and 
length. This code transparency is made possible because 
of the zero bit insertion mentioned earlier and the bit- 
oriented nature of SDLC. Even main memory core 
dumps may be transmitted because of this capability. 
This feature is unique to bit-oriented protocols. Like 
the control field, the information field is not interpreted 
by the SDLC device; it is merely transferred to and 
from memory to be ot)erated on and interpreted by the 
processor. 

The final field is the frame check sequence (FCS). The 
FCS is the 16 bits immediately preceding the closing 
flag. This 16-bit field is used for error detection through 
a Cyclic Redundancy Checkword (CRC). The 16-bit 
transmitted CRC is the complement of the remainder 
obtained when the A, C, and I fields are "divided" by a 
generating polynomial. The receiver accumulates the 
A, C, and I fields and also the FCS into its internal 
CRC register. At the closing flag, this register contains 
one particular number for an error-free reception. If 
this number is not obtained, the frame was received in 
error and should be discarded. Discarding the frame 
causes the station to not update its frame sequence 
numbering. This results in a retransmission after the 
station sends an acknowledgement from previous 
frames. [Unlike all other fields, the FCS is transmitted 
MSB (Most Significant Bit) first. The A, C, and I fields 
are transmitted LSB (Least Significant Bit) first.] The 
details of how the FCS is generated and checked is 
beyond the scope of this application note and since all 
single component SDLC controllers handle this func- 
tion automatically, it is usually sufficient to know only 
that an error has or has not occurred. The IBM docu- 
ments contain more detailed information for those 
readers desiring it. 

The closing flag terminates the frame. When the closing 
flag is received, the receiver knows that the preceding 
16 bits constitute the FCS and that any bits between the 
control field and the FCS constitute the information 
field. 
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SDLC does not support an interframe time-fill charac- 
ter such as the SYN character in Bi-Sync. If an unusual 
condition occurs while transmitting, such as data is not 
available in time from memory or CTS (Clear-to-Send) 
is lost from the modem, the transmitter aborts the 
frame by sending an Abort character to notify the re- 
ceiver to invalidate the frame. The Abort character 
consists of eight contiguous Is sent without zero bit 
insertion. Intraframe time-fill consists of either flags, 
Abort characters, or any combination of the two. 

While the Abort character protects the receiver, from 
transmitted errors, errors introduced by the transmis- 
sion medium are discovered at the receiver through the 
FCS check and a check for invalid frames. Invalid 
frames are those which are not bounded by flags or are 
too short, that is, less than 32 bits between flags. All 
invalid frames are ignored by the receiver. 

Although SDLC is a synchronous protocol, it provides 
an optional feature that allows its use on basically asyn- 
chronous data links — NRZI (Non-Return-to-Zero-In- 
verted) coding. NRZI coding specifies that the signal 
condition does not change for transmitting a binary 1, 
while a binary 0 causes a change of state. Figure 2 illus- 
trates NRZI coding compared to the normal NRZ. 
NRZI coding guarantees that an active line will have a 
transition at least every 5-bit times; long strings of ze- 
roes cause a transition every bit time, while long strings 
of Is are broken up by zero bit insertion. Since asyn- 
chronous operation requires that the receiver sampling 
clock be derived from the received data, NRZI encod- 
ing plus zero bit insertion make the design of clock 
recovery circuitry easier. 
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Figure 2. NRZI vs NRZ Encoding 

All of the previous discussion has applied to SDLC on 
either point-to-point or multi-point data networks. 
SDLC (but not HDLC) also includes specification for a 
loop configuration. Figure 3 compares these three con- 
figurations. IBM uses this loop configuration in its 
3650 Retail Store System. It consists of a single loop 
controller station with one or more down-loop second- 
ary stations. Communications on a loop rely on the 
secondary stations repeating a received message doy/n 
loop with a delay of one bit time. The reason for the 
one bit delay will be evident shortly. 

Loop operation defines a new special character: the 
EOP (End-of-PoU) character which consists of a 0 fol- 
lowed by 7 contiguous, non-zero bit inserted, ones. Af- 
ter the loop controller transmits a message, it idles the 
line (sends all Is). The final zero of the closing flag plus 
the first 7 Is of the idle form an EOP character. While 
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Figure 3. Networic Configurations 
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repeating, the secondaries monitor their incoming line 
for an EOP character. When an EOF is detected, the 
secondary checks to see if it has a message to transmit. 
If it does, it changes the seventh 1 to a 0 (the one bit 
delay allows time for this) and repeats the modified 
EOP (now alias flag). After this flag is transmitted, the 
secondary terminates its repeater function and inserts 
its message (with multiple preceding flags if necessary). 
After the closing flag, the secondary resumes its one bit 
delay repeater function. Notice that the final zero of the 
secondary's closing flag plus the repeated Is from the 
controller form an EOP for the next down-loop second- 
ary, allowing it to insert a message if it desires. 

One might wonder if the secondary missed any mes- 
sages from the controller while it was inserting its own 
message. It does not. Loop operation is basically half- 
duplex. The controller waits until it receives an EOP 
before it transmits its next message. The controller's 
reception of the EOP signifies that the original message 
has propagated around the loop followed by any mes- 
sages inserted by the secondaries. Notice that secondar- 
ies cannot communicate with one another directly, all 
secondary-to-secondary communication takes place by 
way of the controller. 

Loop protocol does not utilize the normal Abort char- 
acter. Instead, an abort is accomplished by simply 
transmitting a flag character. Down loop, the receiver 
sees the abort as a frame which is either too short (if the 
abort occurred early in the frame) or one with an FCS 
error. Either results in a discarded frame. For more 
details on loop operation, please refer to the IBM docu- 
ments referenced earliei;. 

Another protocol very similar to SDLC which the 8273 
supports is HDLC (High-Level Data Link Control). 
There are only three basic differences between the two: 
HDLC offers extended address and control fields, and 
the HDLC Abort character is 7 contiguous Is as op- 
posed to SDLC's 8 contiguous Is. 

Extended addressing, beyond the 256 unique addresses 
possible with SDLC, is provided by using the address 
field's least significant bit as the extended address mod- 
ifier. The receiver examines this bit to determine if the 
octet should be interpreted as the final address octet. 
As long as the bit is 0, the octet that contains it is 
considered an extended address. The first time the bit is 
a 1, the receiver interprets that octet as the final address 
octet. Thus the address field may be extended to any 
number of octets. Extended addressing is illustrated in 
Figure 4a. 

A similar technique is used to extend the control field 
although the extension is limited to only one extra con- 
trol octet. Figure 4b illustrates control field extension. 

Those readers not yet asleep may have noticed the simi- 
larity between the SDLC loop EOP character (a 0 fol- 



lowed by 7 Is) and the HDLC Abort (7 Is). This possi- 
ble incompatibility is neatly handled by the HDLC pro- 
tocol not specifying a loop configuration. 

This completes our brief discussion of the SDLC/ 
HDLC protocols. Now let us turn to the 8273 in partic- 
ular and discuss its hardware aspects through an expla- 
nation of the block diagram and generalized system 
schematics. 
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BASIC 8273 OPERATION 

It will be helpful for the following discussions to have 
some idea of the basic operation of the 8273. Each oper- 
ation, whether it is a frame transmission, reception or 
port read, etc., is comprised of three phases: the Com- 
mand, Execution, and Result phases. Figure 5 shows 
the sequence of these phases. As an illustration of this 
sequence, let us look at the transmit operation. 



COMMAND 







Figure 5. Q273 Operational Pliases 

When the CPU decides it is time to transmit a frame, 
the Command phase is entered by the CPU issuing a 
Transmit Frame command to the 8273. It is not suffi- 
cient to just instruct the 8273 to transmit. The frame 
level command structure sometimes requires more in- 
formation such as frame length and address and control 
field content. Once this additional information is sup- 
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plied, the Command phase is complete and the Execu- 
tion phase is entered; It is during the Execution phase 
that the actual operation, in this case a frame transmis- 
sion, takes place. The 8273 transmits the opening flag, 
A and C fields, the specified number of I field bytes, 
inserts the PCS, and closes with the closing flag. Once 
the closing flag is transmitted, the 8273 leaves the EJce- 
cution phase and begins the Result phase. During the 
Result phase the 8273 notifies the CPU of the outcome 
of the command by supplying interrupt results. In this 
case, the results would be either that the frame is com- 
plete or that some error condition causes the transmis- 
sion to be aborted. Once the CPU reads ajl of the re- 
sults (there is only one for the Transmit Frame 
command), the Result phase and consequently the 
operation, is complete. Now that, we have a general 
feeling for the operation of the 8273, let us discuss the 
8273 in detail. 



CPU Interface 

The CPU interface consists of four major blocks: Con- 
trol/Read/Write logic (C/R/W), internal registers, 
data transfer logic, and data bus buffers. 

The CPU module utiUzes the C/R/W logic to issue 
commands to the 8273. Once the 8273 receives a com- 
mand and executes it, it returns the results (good/bad 
completion) of the command by way of the C/R/W 
l6gic. The C/R/W logic is supported by seven regis ters 
which are addressed_via the Aq, Ai, RD, and WR sig- 
nals, in addition to CS. The Aq and Ai signals are gen- 
erally derived from the tw o lo w or der b its of the CPU 
module address bus while RD and WR are the normal 
I/O Read and Write signals found on the system con- 
trol bus* Figure 7 shows the address of each register 
using the C/R/W logic. The function of each register is 
defined as follows: 



HARDWARE ASPECTS OF THE 8273 

The 8273 block diagram is shown in Figure 6. It con- 
sists of two major interfaces: the CPU module interface 
and the modem interface. Let's discuss each interface 
separately. 
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Command — 8273 operations are initiated by writing 
the appropriate command byte into this register. 

Parameter — Many commands require more informa- 
tion than found in the command itself. This additional 
information is provided by way of the parameter regis- 
ter. 

Immediate Result (Result) — The completion informa- 
tion (results) for commands which execute immediately 
are provided in this register. 

Transmit Interrupt Result (Txl/R) — Results of trans- 
mit operations are passed to the CPU in this register. 

Receiver Interrupt Result (Rxl/R) — Receive operation 
results are passed to the CPU via this register. 

Status — The general status of the 8273 is provided in 
this register. The Status register supplies the handshak- 
ing necessary during various phases of the 8273 opera- 
tion. 

Test Mode — This register provides a software reset 
function for the 8273. 

The commands, parameters, and bit definition of these 
registers are discussed in the following software section. 
Notice that there are not specific transmit or receive 
data registers. This feature is explained in the data 
transfer logic discussion. 

The final elements of the C/R/W logic are the inter- 
rupt lines (RxINT and TxINT). These lines notify the 
CPU module that either the transmitter or the receiver 
requires service; i.e., results should be read from the 
appropriate interrupt result register or a data transfer is 
required. The interrupt request remains active until all 
the associated interrupt results have been read or the 
data transfer is performed. Though using the interrupt 
lines relieves the CPU module of the task of poUing the 
8273 to check if service is needed, the state of each 
interrupt line is reflected by a bit in the Status register 
and non-interrupt driven operation is possible by exam- 
ining the contents of these bits periodically. 

The 8273 supports two independent data interfaces 
through the data transfer logic; receive data and trans- 
mit data. These interfaces are programmable for either 
DMA or non-DMA data transfers. While the choice of 
the configuration is up to the system designer, it is 
based on the intended maximum data rate of the com- 



munications channel. Figure 8 illustrates the transfer 
rate of data bytes that are acquired by the 8273 based 
on link data rate. Full-duplex data rates above 9600 
baud usually require DMA. Slower speeds may or may 
not require DMA depending on the task load and inter- 
rupt response time of the processor. 

Figure 9 shows the 8273 in a typical DMA environ- 
ment. Notice that a separate DMA controller, in this 
case the Intel 8257, is required. The DMA controller 
supplies the timing and addresses for the data transfers 
while the 8273 manages the requesting of transfers and 
the actual counting of the data block lengths. In this 
case, elements of the data transfer interface are: 

TxDRQ: Transmit DMA Request— As&erted by the 
8273, this line requests a DMA transfer from memory 
to the 8273 for transmit. 

TxDACK: Transmit DMA Acknowledge — Returned by 
the 8257 in response to TxDRQ, this line notifies the 
8273 that a request has been granted, and provides ac- 
cess to the transmitter data register. 

RxDRQ: Receive DMA Request— Asserted by the 8273, 
it requests a DMA transfer from the 8273 to memory 
for a receive operation. 

RxDACK: Receive DMA Acknowledge — Returned by 
the 8257, it notifies the 8273 that a receive DMA cycle 
has been granted, and provides access to the receiver 
data register. 

RD: i^ea^/— Supplied by the 8257 to indicate data is to 
be read from the 8273 and placed in memory. 

WR: Write—Supplied by the 8257 to indicate data is to 
be written to the 8273 from memory. 

To request a DMA transfer the 8273 raises the appro- 
priate DMA request Une; let us assume it is a transmit- 
ter request (TxDRQ). Once the 8257 obtains control of 
the system bus by way of its HOLD and HLDA (hold 
acknowledge) lines, it notifie s the 8273 that TxD RQ 
has been g rant ed by returning TxDACK and WR. The 
TxDACK and WR signals transfer data to the 8273 for 
a transmit, independent of the 8273 chip select pin 
(CS). A similar sequence of events occurs for receiver 
requests. This "hard select" of data into the transmitter 
or out of the receiver alleviates the need for the normal 
transmit and receive data registers addressed by a com- 
bination of address lines, CS, and WR or RD. Competi- 
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tive devices that 6,0 not have this "hard select" feature 
require the use of an external multiplexer to supply the 
correct inputs for register selection during DMA. (Dp 
not forget that the SDLC controller sees both the ad- 
dresses and control signals supplied by the DMA con- 
troller during DMA cycles.) Let us look at typical 
frame transmit and frame receive sequences to better 
see how the 8273 truly manages the DMA data trans- 
fer. 

Before a frame can be transmitted, the DMA controller 
is supplied, by the CPU, the starting address for the 
desired information field. The 8273 is then commanded 
to transmit a frame. (Just how this is done is covered 
later during our software discussion.) After the com- 
mand, but before transmission begins, the 8273 needs a 
little more information (parameters). Four parameters 
are required for the transmit frame command: the ad- 
dress field byte, the control field byte, and two bytes 
which are the least significant and most significant 
bytes of the information field byte length. Once all four 
parameters are, loaded, the 8273 makes RTS (Request- 
to-Send) active and waits for CTS (Clear-to-Send) to go 
active. Once CTS is active, the 8273 starts the frame 
transmission. While the 8273 is transmitting the open- 
ing flag, address field, and control field; it starts making 
transmitter DMA requests. These requests continue at 
character (byte) boundaries until the pre-loaded num- 
ber of bytes of information field have been transmitted. 



At this point the requests stop, the FCS and closing flag 
are transmitted, and the TxINT line is raised, signaling 
the CPU that the frame transmission is complete. No- 
tice that after the initial command and parameter load- 
ing, absolutely no CPU intervention was required (since 
DMA is used for data transfers) until the entire frame 
was transmitted. Now let's look at a frame reception. 
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Figure 8. Byte Transfer Rate vs Baud Rate 
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Figure 9. DMA, Interrupt-Priven System 
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The receiver operation is very similar. Like the initial 
transmit sequence, the DMA controller is loaded with a 
starting address for a receiver data buffer and the 8273 
is commanded to receive. Unlike the transmitter, there 
are two different receive commands: General Receive, 
where all received frames are transferred to memory, 
and Selective Receive, where only frames having an ad- 
dress field matching one of two preprogrammed 8273 
address fields are transferred to memory. Let's assume 
for now that we want to general receive. After the re- 
ceive command, two parameters are required before the 
receiver becomes active: the least significant and most 
significant bytes of the receiver buffer length. Once 
these bytes are loaded, the receiver is active and the 
CPU may return to other tasks. The next frame appear- 
ing at the receiver input is transferred to memory using 
receiver DMA requests. When the closing flag is re- 
ceived, the 8273 checks the FCS and raises its RxINT 
line. The CPU can then read the results which indicate 
if the frame was error-free or not. (If the received frame 
had been longer than the pre-loaded buffer length, the 
CPU would have been notified of that occurrence earli- 
er with a receiver error interrupt. The command de- 
scription section contains a complete list of error condi- 
tions.) Like the transmit example, after the initial com- 
mand, the CPU is free for other tasks until a frame is 
completely received. These examples have illustrated 
the 8273's management of both the receiver and trans- 
mitter DMA channels. 

It is possible to use the DMA data transfer interface in 
a non-DMA interrupt-driven environment. In this case, 
4 interrupt levels are used: one each for TxINT and 
RxINT, and one each for TxDRQ and RxDRQ. This 
configuration is shown in Figure 10. This configuration 
offers the advantages that no DMA controller is re- 



quired and data requests are still separated from result 
(completion) requests. The disadvantages of the config- 
uration are that 4 interrupt levels are required and that 
the CPU must actually supply the data transfers. This, 
of course, reduces the maximum data rate compared to 
the configuration based strictly on DMA. This system 
could use an Intel 8259 8-level Priority Interrupt Con- 
troller to supply a vectored CALL (subroutine) address 
based on requests on its inputs. The 8273 transmitter 
and receiver make data requests by raising the respec- 
tive DRQ line. The CPU is interrupted by the 8259 and 
vectored to a data transfer routine. This routine either 
writes (for transmit) or reads (for receive) the 8273 us- 
ing the respective TxDACK or RxDACK line. The 
DACK line s serve as "ha rd" chip selects into and out 
of the 8273. T xDACK + WR writes data into the 8273 
for transmit. RxDACK + RD reads data from the 
8273 for receive.) The CPU is notified of operation 
completion and results by way of TxINT and RxINT 
lines. Using the 8273, and the 8259, in this way, pro- 
vides a very effective, yet simple, interrupt-driven inter- 
face. 

Figure 11 illustrates a system very similar to that de- 
scribed above. This system utilizes the 8273 in a non- 
DMA data transfer mode as opposed to the two DMA 
approaches shown in Figures 9 and 10. In the non- 
DMA case, data transfer requests are made on the 
TxINT and RxINT lines. The DRQ lines are not used. 
Data transfer requests are separated from result re- 
quests by a bit in the Status register. Thus, in response 
to an interrupt, the CPU reads the Status register and 
branches to either a result or a data transfer routine 
based on the status of one bit. As before, data transfers 
are made via using the DACK lines as chip selects to 
the transmitter and receiver data registers. 
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Figure 11. Non-DMA Interrupt-Driven System 
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Figure 12. Roiled System 



Figure 12 illustrates the simplest system of all. This 
system utilizes polling for all data transfers and results. 
Since the interrupt pins are reflected in bits in the 
Status register, the software can read the Status register 
periodically looking for one of these to be set. If it finds 
an INT bit set, the appropriate Result Available bit is 
examined to determine if the "interrupt" is a data 
transfer or completion result. If a data transfer is called 
for, the DACK line is used to enter or read the data 
from the 8273. If the interrupt is a completion result, 
the appropriate result register is read to determine the 
good/bad completion of the operation. 

The actual selection of either DMA or non-DMA 
modes is controlled by a command issued during ini- 
tialization. This command is covered in detail during 
the software discussion. 



The final block of the CPU module interface is the 
Data Bus Buffer. This block supplies the tri-state, bidi- 
rectional data bus interface to allow communication to 
and from the 8273. 



Modem Interface 

As the name implies, the modem interface is the mo- 
dem side of the 8273. It consists of two major blocks: 
the modem control block and the serial data timing 
block. 

The modem control block provides both dedicated and 
user-defined modem control functions. All signals sup- 
ported by this interface are active low so that EIA in- 
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verting drivers (MCI 48 8) and inverting receivers 
(MCI 489) may be used to interface to standard mo- 
dems. 

Port A is a modem control input port. Its representa- 
tion on the data bus is shown in Figure 13. Bits Dq and 
Di have d edicat ed functions. Dq reflec ts th e logical 
state of the CTS (Clear-to-Send) pin. [If CTS is active 
(low), Do is a 1.) This signal is used to condit ion t he 
start of a transmission. The 8273 waits until CTS is 
active befo re it s tarts transmitting a frame. While trans- 
mitting, if CTS goes inactive, the frame is aborted and 
the CPU is in terru pted. When the CPU reads the inter- 
rupt result, a CTS failure is indicated. 

Di refle cts the logical state of the CD (Carrier Detect) 
pin. CD is used to condition the start of a frame recep- 
tion. CD mu st be active in time for a frame's address 
field. If CD is lost (goes inactive) while receiving a 
frame, an interrupt is generated with a CD failure re- 
sult. CD may go inactive between frames. 

Bits D2 thru D4 reflect the logical state of the PA2 thru 
PA4 pins respectively. These inputs are user defined. 
The 8273 does not interrogate or manipulate these bits. 
Bits D5, Dg, and D7 are not used and each is read as a 1 
for a Read Port A command. 

Port B is a modem control output port. Its data bus 
representation is shown in Figure 14. As in Port A, the 
bit values represent the logical condition of the pins. Dq 
and D5 a re dedicated function outpu ts. Dq represents 
the RTS (Request-to-Send) pin. RTS is normally used 
to notify the modem that the 8273 wishes to transmit. 



This function is handled automatically by the 8273. If 
RTS is inactivie (pin is high) when the 8273 is com- 
manded t o tra nsmit, the 8273 makes it active and then 
waits for CTS before transmitting the frame. O ne by te 
time after the end of the frame, the 8 273 returns RTS to 
its inactive state. However, if RTS was active when a 
transmit command is issued, the 8273 leaves it active 
when the frame is complete. 



Bit D5 reflects the state of the Flag Detect pin. This pin 
is activated whenever an active receiver sees a flag char- 
acter. This function is useful to activate a timer for line 
activity timeout purposes. 

Bits Di t hru D 4 provide four user-defined outputs. Pins 
PBi thru PB4 reflect the logical state of these bits. The 
8273 does not interrogate or manipulate these bits. D^ 
and D7 are not used. In addition to being able to output 
to Port B, Port B may be read using a Read Port B 
command. All Modem control output pins are forced 
high on reset. (All commands mentioned in this section 
are covered in detail later.) 

The final block to be covered is the serial data timing 
block. This block contains two sections: the serial data 
logic and the digital phase locked loop (DPLL). 

Elements of the serial data logic section are the data 
pins, TxD (transmit data output) and Rx D (rec eive 
data input), and the respective data clocks, TxC and 
Rx C. Th e transmit and receive data is synchronized by 
the TxC and RxC clocks. Figure 15 shows the timing 
for these signals. The leading edge (negative transition) 
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Figure 13. Port A (Input) Bit Definition 
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Figure 14. Port B (Output) Bit Definition 
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of TxC genei'ates new tran smit data and the trailing 
edge (positive transition) of RxC is used to capture the 
receive data. 




Figure 15. Transmit/ Receive Timing 

It is possible to reconfigure this section under program 
control to perform diagnostic functions; both data and 
clock loopback are available. In data loopback mode, 
the TxD pin is internally routed to the RxD pin. This 
allows simple board checkout since the CPU can send 
an SDLC message to itself, (Note that transmitted data 
will still appear on the TxD pin.) 



nal circuitry. Clock loopback ove rcom es t his pr oblem 
by allowing the internal routing of TxC and RxC. Thus 
the same clock used to transmit the data is used to 
receive it. Examination of Figure 15 shows that this 
method ensures bit synchronism. The final element of 
the serial d^ta logic is the Digital Phase Locked Loop. 

The DPLL provides a means of clock recovery from 
the received data stream. This feature allows the 8273 
to interface without external synchronizing logic to low 
cost asynchronous modems (modems which do not 
supply clocks). It also makes the problem of clock tim- 
ing in loop configurations trivial. 

To use the DPLL, a clock at 32 times th e required baud 
rate must be supplied to the 32 X CLK pin. This clock 
provides the interval that the DPLL samples the re- 
ceived data. The DPLL uses the 32 X clock a nd the 
received data to generate a pulse at the DPLL output 
pin. This DPLL pulse is positioned at th e nomin al cen- 
ter of the receive d data bit cell. Thu s the DPLL output 
may be wired to RxC and/or TxC to supply the data 
timing. The exact position of the pulse is varied depend- 
ing on the line noise and bit distorti on of the received 
data. The adjustment of the DPLL position is deter- 
mined according to the rules outlined in Figure 16. 



Adjustments to the sample phase of DPLL with respect 
to the received data is made in discrete incremen ts. Re- 
ferring to Figure 16, following the occurrence of DPLL 



When data loopback is utilized, t he rec eiver may be 
presented incorrect sample timing (RxC) by the exter- 
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Figure 16. DPLL Phase Adjustments 
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pulse A, the DPLL counts 32 X CLK pulses and exam- 
ines the received data for a d ata edg e. Should no edge 
be dete cted in 32 pulses, the DPLL positions the next 
DPLL pulse (B) at 32 clock pulses from pulse A. Since 
no new phase information is contained in the data 
stream, the sample phase is assumed to be at nominal 
IX ba ud rate. Now assume a data edge occurs after 
DPLL pulse B. The distance from B to the next pulse C 
is influenced according to which quadrant (A], Bj, B2, 
o r A2) the da ta edge falls in. (Each quadrant represents 
8 32 X CLK times.) For example, if the edge is detected 
in quadrant A 1, it is apparent that pulse B was too close 
to the data edge and the time to the next pulse must be 
shortened. The adjustm ent for quadrant Ai is specified 
as —2. Thus, the n ext DPLL pulse, pulse C, i s posi- 
tioned 32 - 2 or 30 32 X CLK pulses following DPLL 
pulse B. This adjustment moves pulse C closer to the 
nominal bit center of the next received data cell. A data 
edge occurring in quadrant B2 would have cause d the 
adjustment to be small, namely 32 + 1 or 33 32 X 
CLK pulses. Using this technique, the DPLL pulse 
converges to the nominal bit center within 12 data tran- 
sitions, worse case — 4-bit times adjusting through 
quadrant A] or A2 and 8-bit times adjusting through 
Bi or B2. 

When the receive data stream goes idle after 15 ones, 
DPLL pulses are generated at 32 pulse intervals of the 
32 X CLK. This feature allows the DPLL pulses to be 
used as both transmitter and receiver clocks. 

In order to guarantee su fficient transitions of the re- 
ceived data to enable the DPLL to lock, NRZI encod- 
ing of the data is recommended. This ensures that, 
within a frame, data transitions occur at least every five 
bit times — the longest sequence of Is which may be 
transmitted with zero bit insertion. It is also recom- 
mended that frames following a line idle be transmitted 
with preframe sync characters which provid e a min i- 
mum of 12 transit ions. This ensures that the DPLL is 
generating DPLL pulses at the nominal bit centers in 
time for the opening flag. (Two OOH characters meet 
this requirement by supplying 16 transitions with 
NRZI encoding. The 8273 contains a mode which sup- 
plies such a preframe sync.) 

Figure 17 illustrates 8273 clock configurations using 
either s ynchron ous or asynchronous modems. Noti ce 
how the DPLL output is used for both TxC and RxC in 
the asynchronous case. This feature ehminates the need 
for external clock generation logic where low cost asyn- 
chronous modems are used and also allows direct con- 
nection of 8273s for the ultimate in low cost data Hnks. 
The configuration for loop applicatipns is discussed in a 
following section. 



This completes our discussion of the hardware aspects 
of the 8273. Its software aspects are now discussed. 
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Figure 17. Serial Data Timing Configuration 



SOFTWARE ASPECTS OF THE 8273 

The software aspects of the 8273 involve the communi- 
cation of both commands from the CPU to the 8273 
and the return of results of those commands from the 
8273 to the CPU. Due to the internal processor archi- 
tecture of the 8273, this CPU-8273 communication is 
basically a form of interprocessor communication. Such 
communication usually requires a form of protocol of 
its own. This protocol is implemented through use of 
handshaking supphed in the 8273 Status register. The 
bit definition of this register is shown in Figure 18. 
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Figure 18. Status Register Format 
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CBSY: Command Busy—CB^Y indicates when the 
8273 is in the command phase. CBSY is set when the 
CPU writes a command into the Command register, 
starting the Command phase. It is reset when the last 
parameter is deposited in the Parameter register and 
accepted by the 8273, completing the Command phase. 

CBF: Command Buffer Full—When set, this bit indi- 
cates that a byte is present in the Command register. 
This bit is normally not used. 

CPBF: Command Parameter Buffer Full— This bit in- 
dicates that the Parameter register contains a parame- 
ter. It is set when the CPU deposits a parameter in the 
Parameter register. It is reset when the 8273 accepts the 
parameter. 

CRBF: Command Result Buffer Full— This bit is set 
when the 8273 places a result from an immediate type 
command in the Result register. It is reset when the 
CPU reads the result from the Result register. 

RxINT: Receiver Interrupt— The state of the RxINT 
pin is reflected by this bit. RxINT is set by the 8273 
whenever the receiver needs servicing. RxINT is reset 
when the CPU reads the results or performs the data 
transfer. 

TxINT: Transmitter Interrupt — This bit is identical to 
RxINT except action is initiated based on transmitter 
interrupt sources. 

RxIRA: Receiver Interrupt Result Available — RxIRA is 
set when the 8273 places an interrupt result byte into 
the Rxl/R register. RxIRA is reset when the CPU 
reads the Rxl/R register. 

TxIRA: Transmitter Interrupt Result Available — 
TxIRA is the corresponding Result Available bit for 
the transmitter. It is set when the 8273 places an inter- 
rupt result byte in the Txl/R register and reset when 
the CPU reads the register. 

The significance of each of these bits will be evident 
shortly. Since the software requirements of each 8273 
phase are essentially independent, each phase is covered 
separately. 



Command Phase Software 

Recalling the Cdmmand phase description in an earlier 
section, the CPU starts the Command phase by writing 
a command byte into the 8273 Command register. If 
further information about the command is required by 
the 8273, the CPU writes this information into the Pa- 
rameter register. Figure 19 is a flowchart of the Com- 
mand phase. Notice that the CBSY and CPBF bits of 
the Status register are used to handshake the command 
and parameter bytes. Also note that the chart shows 
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Figure 19. Command Phase Flowchart 

that a command may not be issued if the Status register 
indicates the 8273 is busy (CBSY = 1). If a command 
is issued while CBSY = 1, the original command is 
overwritten and lost. (Remember that CBSY signifies 
the command phase is in progress and not the actual 
execution of the command.) The flowchart also in- 
cludes a Parameter buffer full check. The CPtJ must 
wait until CPBF = 0 before writing a parameter to the 
Parameter register. If a parameter is issued while CPBF 
= 1, the previous parameter is overwritten and lost. 
An example of command output assembly language 
software is provided in Figure 20a. This software as- 
sumes that a command buffer exists in memory. The 
buffer is pointed at by the HL register. Figure 20b 
shows the command buffer structure. 

The 8273 is a full duplex device, i.e., both the transmit- 
ter and receiver nlay be executing commands or passing 
interrupt results at any given time. (Separate Rx and Tx 
interrupt piiis and result registers are provided for this 
reason.) However, there is only one Command register. 
Thus, the Command register must be used for only one 
command sequence at a time and the transmitter and 
receiver may never be simultaneously in a command 
phase. A detailed description of the commands and 
their parameters is presented in a following section. 
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;FUNCTION: COMMAND DISPATCHER 
;INPUTS: HL - COMMAND BUFFER ADDRESS 
;OUTPUTS: NONE 
; CALLS: NONE 

.-DESTROYS: A,B,H,L,F/F* S 

;DESCRIPTION: CMDOUT ISSUES THE COMMAND + PARAMETERS 
;IN THE COMMAND BUFFER POINTED AT BY HL 



CMDOUT : 


LXI 


H,CMDBUF 


;POINT HL AT BUFFER 




MOV 


B,M 


;1ST ENTRY IS PAR. COUNT 




INX 


H 


;POINT AT COMMAND BYTE 


CMDl : 


IN 


STAT73 


;READ 8273 STATUS 




RLC 


;ROTATE 


CBSY INTO CARRY 




JC 


CMDl 


;WAIT UNTIL CBSY=0 




MOV 


A,M 


;MOVE COMMAND BYTE TO A 




OUT 


C0MM73 


;PUT COMMAND IN COMMAND REG 


CMD2: 


MOV 


A.B 


;GET PARAMETER COUNT 




ANA 


A 


;TEST IF ZERO 




RZ 


;IF 0 THEN DONE 




INX 


H 


;NOT DONE, SO POINT AT NEXT ] 




DCR 


B 


;DEC PARAMETER COUNT 


CMD3: 


IN 


STAT73 


;READ 8273 STATUS 




ANI 


CPBF 


;TEST CPBF BIT 




JNZ 


CMD3 


;WAIT UNTIL CPBF IS 0 




MOV 


A,M 


;GET PARAMETER FROM BUFFER 




OUT 


PARM73 


;OUTPUT PAR TO PARAMETER REG 




JMP 


CMD2 


;CHECK IF MORE PARAMETERS 



Figure 20A. Command Phase Software 



Execution Phase Software 

During the Execution phase, the operation specified by 
the Command phase is performed. If the system utiUzes 
DMA for data transfers, there is no CPU involvement 
during this phase, so no software is required. If non- 
DMA data transfers are used, either interrupts or poll- 
ing is used to signal a data transfer request. 



For interrupt-driven transfers the 8273 raises the ap- 
Figure 20B. Command Buffer Format propriate INT pin. When responding to the interrupt, 
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the CPU must determine whether it is a data transfer 
request or an interrupt signaUng that an operation is 
complete and results are available. The CPU deter- 
mines the cause by reading the Status register and inter- 
rogating the associated IRA (Interrupt Result 
Available) bit (TxIRA for TxINT and RxIRA for 
RxINT). If the IRA = 0, the interrupt is a data 
transfer request. If the IRA = 1, an operation is 
complete and the associated Interrupt Result register 
must be read to determine the completion status (good/ 
bad/etc). A software interrupt handler implementing 
the above sequence is presented as part of the Result 
phase software. 

When polling is used to determine when data transfers 
are required, the polling routine reads the Status regis- 
ter looking for one of the INT bits to be set. When a set 
INT bit is found, the corresponding IRA bit is exam- 
ined. Like in the interrupt-driven case, if the IRA = 0, 
a data transfer is required. If IRA = 1, an operation is 
complete and the Interrupt Result register needs to be 
read. Again, example polling software is presented in 
the next section. 



Result Phase Software 

During the Result phase the 8273 notifies the CPU of 
the outcome of a command. The Result phase is initiat- 
ed by either a successful completion of an operation or 
an error detected during execution. Some commands 
such as reading or writing the I/O ports provide imme- 
diate results, that is, there is essentially no delay from 
the issuing of the command and when the result is 
available. Other commands such as frame transmit, 
take time to complete so their result is not available 
immediately. Separate result registers are provided to 
distinguish these two types of commands and to avoid 
interrupt handling for simple results. 



Immediate results are provided in the Result register. 
Validity of information in this register is indicated to 
the CPU by way of the CRBF bit in the Status register. 
When the CPU completes the Command phase of an 
immediate command, it polls the Status register waiting 
until CRBF = 1. When this occurs, the CPU may read 
the Result register to obtain the immediate result. The 
Result register provides only the results from immedi- 
ate commands. 

Example software for handling immediate results is 
shown in Figure 21. The routine returns with the result 
in the accumulator. The CPU then uses the result as is 
appropriate. 

All non-immediate commands deal with either the 
transmitter or receiver. Results from these commands 
are provided in the Txl/R (Transmit Interrupt Result) 
and Rxl/R (Receive Interrupt Result) registers respec- 
tively. Results in these registers are conveyed to the 
CPU by the TxIRA and RxIRA bits of the status regis- 
ter. Results of non-immediate commands consist of one 
byte result interrupt code indicating the condition for 
the interrupt and, if required, one or more bytes supply- 
ing additional information. The interrupt codes and the 
meaning of the additional results are covered following 
the detailed command description. 

Non-immediate results are passed to the CPU in re- 
sponse to either interrupts or polling of the Status regis- 
ter. Figure 22 illustrates an interrupt-driven result han- 
dler. (Please note that all of the software presented in 
this application note is not optimized for either speed or 
code efficiency. They are provided as a guide and to 
illustrate concepts.) This handler provides for inter- 
rupt-driven data transfers as was promised in the last 
section. Users employing DMA-based transfers do not 



;FUNCTION: IMDRLT 
; INPUTS: NONE 

;OUTPUTS: RESULT REGISTER IN A 
; CALLS: NONE 
;DESTROYS: A, F/F»S 

;DESCRIPTION: IMDRLT IS CALLED AFTER A CMDOUT FOR AN 
IMMEDIATE COMMAND TO READ THE RESULT REGISTER 



IMDRLT : 



IN 

ANI 

JZ 

IN 

RET 



STAT 73 
CRBF 
IMDRLT 
RESL73 
;RETURN 



;READ 8273 STATUS 

;TEST IF RESULT REG READY 

;WAIT IF CRBF=0 

;READ RESULT REGISTER 



Figure 21. Immediate Result Handler 
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; FUNCTION: RXI 


- INTERRUPT DRIVEN RESULT/DATA HANDLER 


J INPUTS: RCRBUF, RCVPNT 


; CALLS: NONE 






» OUTPUTS: RCRBUF, RCVPNT 


; DESTROYS: NOTHING 




; DESCRIPTION: 


RXI IS ENTERED AT A RECEIVER INTERRUPT. 


;THE INTERRUPT 


IS TESTED FOR DATA TRANSFER (IRA*0) 


;0R RESULT (IRA-1) . FOR DATA TRANSFER, THE DATA IS 


; PLACED IN A BUFFER AT 


RCVPNT. RESULTS ARE PLACED IN 


;A BUFFER AT RCRBUF. 




;A FLAG(RXFLAG) IS SET 


IF THE INTERRUPT WAS A RESULT. 


; (DATA 


TRANSFER INSTRUCTIONS ARE DENOTED BY (*) AND 


; MAYBE 


ELIMINATED BY USERS USING DMA. 


; 

RXI: 


PUSH 


H 


;SAVE HL 




PUSH 


PSW 


;SAVE PSW 




PUSH 


B 


;SAVE B 




IN 


STAT7 3 


; {*) READ 827 3 STATUS 




AN I 


RXIRA 


; (*) TEST IRA BIT 


RXIl: 


JZ 


RXI2 


; (*) IF a, DATA TRANSFER NEEDED 


LHLD 


RCRBUF 


;GET RESULT BUFFER POINIER 




IN 


STAT7 3 


;READ 827 3 STATUS AGAIN 




AN I 


RXI NT 


•TEST INT BIT 




JZ 


RXI4 


;IF 0, THEN DONE 




IN 


STAT7 3 


;R£AD 827 3 STATUS AGAIN 




AN I 


RXIRA 


•TEST IRA AGAIN 




JZ 


RXIl 


;LOOP UNIIL RESULT IS READY 




IN 


RXIR73 


; READY, READ RXI/R 




MOV 


M,A 


;STORE RESULT IN BUFFER 




I NX 


h 


;BUMP RESULT POINTER 




SHLD 


RCRBUE 


; RESTORE BUFFER POINTER 


RXI2: 


JMP 


RXIl 


;G0 BACK TO SEE IF MORE 


SHLD 


RCVPNT 


; (*) GET DATA BUFFER POINTER 




IN 


RCVLAT 


; (•) READ DATA VIA RXDACK 




MOV 


M,A 


; (*) STORE DATA IN BUFFER 




INX 


H 


; (*) BUMP DATA POINTER 




JMP 


RXI 3 


; (♦) DONE 


RXI4: 


MVI 


A,01H 


;SET RX FLAG TO SHOW COMPLEIION 




STA 


RXFLAG 


.•COMPLETION 


RXI 3: 


POP 


B 


; RESTORE BC 




POP 


PSM 


; RESTORE PSW 




POP 


H 


; RESTORE HL 




EI 


; ENABLE 


INTERRUPTS 




REI 


;DONE 




;FUNC1I0N: IXI 


- iNTbRkUPl DRIVEN RESULT/DATA HANDLER 


;INfblS 


: IXRBUF 


, TXPNT, 


TXFLAG 


•OUTPUTS: TXRBUF, TXP^T, 


TXFLAG 


;CALLi>: 


NONE 






;D£,STKUYS: NOTHING 




;ttbCRIPTION: TXI IS ENTLRED AT A TRANSMITTER INTERRUPT. 


;lttE INTEkRUi-T 


IS TESIEC 


BY WAY OF THE IRA BIT TO SEE 


;If A DATA TRANSFER OR RESULT COMPLETION HAS OCCURED. 


;FOR DATA IRANSFERi (IKA 


=0) , THE DATA IS OBTAINED FROM 


;A BUFFtk LOCATION POINTED AT BY TXPNT. FOR COMPLETION, 


;URA=1), THE RESULTS ARE READ AND PLACED AT A RESULT 


;bUFf LR 


POINTED 


AT BY TXRBUF, AND THE TXFLAG IS SET 


;TU INLICAIE TO 


THE MAIN 


PROGRAM THAT A OPERATION IS 


;COMPLLTL. TX OPERATIONS 


HAVE ONLY ONE RESULT. 


;DATA TRANSFER 


INSTRUCTIONS ARE DENOTED BY (*) . THESE 


;hAVb£ REMOVED 


BX USERS 


USING DMA. 


1X1: 


PUSH 


H 


;SAV£ HL 




PUSH 


PSW 


;SAVE PSW 




IN 


STAT7 3 


; (•) READ 8273 STATUS 




AN I 


TXIRA 


; (*) TEST TXIRA BIT 




JZ 


TXI2 


; (*) IF 0, DATA TRANSFER 




IN 


TXIR73 


;1, THEN READ TXIR 




LHLD 


TXRBUF 


;G£T RESULT BUFFER POINTER 




MOV 


M,A 


; STORE RESULT IN BUFFER 




INX 


H 


;BUMP RESULT POINTER 




SHLD 


TXRBUF 


.•RESTORE RESULT POINTER 




MVI 


A,eiH 


•SET TXFLAG TO SHOW COMPLETION 


IXIl: 


STA 


TXFLAG 


;SET FLAG 


POP 


PSW 


.•RESTORE PSW 




POP 


H 


.•RESTORE HL 




£1 


; ENABLE 


INTERRUPTS 




RET 


; DONE 




TXI2: 


LHLD 


TXPNT 


; (*) GET DATA POINTER 




MOV 


A,M 


; (*) GET DATA FROM BUFFER 




OUT 


TXDATA 


; (*) OUTPUT TO 8273 VIA TXDACK 




INX 


H 


; (•) BUMF DATA POINTER 




SHLD 


TXPNT 


; (•) RESTORE POINTER 




JMP 


TXIl 


; (*) RETURN AFTER RESTORE 
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Figure 22. Interrupt-Driven Result 
Handlers with Non-DMA Data Transfers 

need the lines where the IRA bit is tested for zero. 
(These Hnes are denoted by an asterisk in the comments 
column.) Note that the INT bit is used to determine 
when all results have been read. All results must be 
read. Otherwise, the INT bit (and pin) will remain high 
and further interrupts may be missed. These routines 



place the results in a result buffer pointed at by 
RCRBUF and TxRBUF. 

A typical result handler for systems utilizing polling is 
shown in Figure 23. Data transfers are also handled by 
this routine. This routine utilizes the routines of Figure 
22 to handle the results. 

At this point, the reader should have a good conceptual 
feel about how the 8273 operates. It is now time for the 
particulars of each command to be discussed. 



FUNCTION: POLOP 
INPUTS: NONE 

OUTPUTS: C»0 (NO STATUS), »1 (RX COMPLETION), 

«2 (TX COMPLETION) , =1 (BOTH) 
CALLS: TXI, RXI 
DESTROYS: B,C 

DESCRIPTION: POLOP IS CALLED TO POLL THE 8271 FOR 
DATA TRANSFERS AND COMPLETION RESULTS. THE 
ROUTINES TXI AND RXI ARE USED FOR TRE ACTUAL 
TRANSFERS AND BUFFER WORK. POLOP RETURNS 
THE STATUS OF THEIR ACTION. 

POLOP: 



PUSH 


PSW 


; SAVE -PSW 




MVI 


C,00H 


; CLEAR C 




IN 


STAT71 


;READ 8273 STATUS 




AN I 


INT 


;ARE TXINT OR RXINT SET? 


JZ 


PEXIT 


;N0, EXIT 




IN 


ST AT 71 


;READ 8273 STATUS 




AN I 


RXI NT 


;TtST RX INT 




JNZ 


RXIC 


;yES, GO SERVICE RX 




CALL 


TXI 


;MUST BE TX, GO SERVICE 


IT 


LDA 


TXFLAG 


;GET TX FLAG 




CPI 


01H 


;WAS IT A COMPLETION? (0 


1) 


JNZ 


PEXIT 


;N0, SO JUST EXIT 




INR 


C 


;YES, UPDATE C 




INK 


C 






JMP 


POLOP 1 


;TRY AGAIN 




CALL 


RXI 


;G0 SERVICE RX 




LDA 


RXFLAG 


;GET RX FLAG 




CPI 


OlH 


;WAS IT A COMPLETION? (0 


1) 


JNZ 


PEXIT 


;N0, SO JUST EXIT 




INR 


C 


;YES, UPDATE C 




JMP 


POLOPl 


;TRY AGAIN 




POP 


PSW 


; RESTORE PSW 




RET 


.•RETURN 


WITH COMP. STATUS IN C 





Figure 23. Polling Result Handler 



8273 COMMAND DESCRIPTION 

In this section, each command is discussed in detail. In 
order to shorten the notation, please refer to the com- 
mand key in Table 1. The 8273 utilizes five different 
command types: Initialization/Configuration, Receive, 
Transmit, Reset, and Modem Control. 

Table 1. Command Summary Key 



Bo, Bi ~LSB and MSB of Receive Buffer Length 

Rq. Ri — LSB and MSB of Received Frame Length 

Lq, L-i — LSB and MSB of Transmit Frame Length 

Ai , A2 — Match Addresses for Selective Receive 

RIC —Receiver Interrupt Result Code 

TIC — Transmitter Interrupt Result Code 

A — Address Field of Received Frame 

C — Control Field of Received Frame 
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Initialization/Configuration Commands 

The Initialization/Configuration commands manipu- 
late registers internal to the 8273 that define the various 
operating modes. These commands either set or reset 
specified bits in the registers depending on the type of 
command. One parameter is required. Set commands 
perform a logical OR operation of the parameter 
(mask) and the internal register. This mask contains Is 
where register bits are to be set. A "G" in the mask 
causes no change in the corresponding register bit. Re- 
set commands perform a logical AND operation of the 
parameter (mask) and the internal register, i.e., the 
mask is "0" to reset a register bit and a "1" to cause no 
change. Before presenting the commands, the register 
bit definitions are discussed. 



Operating Mode Register (Figure 24) 

D7-D6: Not Used — These bits must not be manipulat- 
ed by any command; i.e., D7-D6 must be 0 
for the Set command and 1 for the Reset com- 
mand. 

D5: HDLC Abort— this bit is set, the 8273 
will interrupt when 7 Is (HDLC Abort) are 
received by an active receiver. When reset, an 
SDLC Abort (8 Is) will cause an interrupt. 

D4: EOP Interrupt — Reception of an EOP charac- 
ter (0 followed by 7 Is) will cause the 8273 to 
interrupt the CPU when this bit is set. Loop 
controller stations use this mode as a signal 
that a polling frame has completed the loop. 
No EOP interrupt is generated when this bit is 
reset. 

D3: Early Tx Interrupt — This bit specifies when 
the transmitter should generate an end of 
frame interrupt. If this bit is set, an interrupt is 
generated when the last data character has 
been passed to the 8273. If the user software 
issues another transmit command within two 
byte times, the final flag interrupt does not oc- 
cur and the new frame is transmitted with 
only one flag of separation. If this restriction is 
not met, more than one flag will separate the 
frames and a frame complete interrupt is gen- 
erated after the closing flag. If the bit is reset, 
only the frame complete interrupt occurs. This 
bit, when set, allows a single flag to separate 
consecutive frames. 

D2: Buffered Address and Control — When set, the 
address and control fields of received frames 
are buffered in the 8273 and passed to the 
CPU as results after a received frame interrupt 
(they are not transferred to memory with the 
information field). On transmit, the A and C 
fields are passed to the 8273 as parameters. 
This mode simplifies buffer management. 
When this bit is reset, the A and C fields are 



passed to and from memory as the first two 
data transfers. 

Dj: Preframe Sync — When set, the 8273 prefaces 
each transmitted frame with two characters 
before the opening flag. These two characters 
provide 16 transitions to allow synchroniza- 
tion of the opposing receiver. To guarantee 16 
transitions, the two characters are 55H-55H 
for non-NRZI mode (see Serial I/O Register 
description) or OOH-OOH for NRZI mode. 
When reset, no preframe characters are trans- 
mitted. 

Dq: Flag Stream — When set, the transmitter will 
start sending flag characters as soon as it is 
idle; i.e., immediately if idle when the com- 
mand is issued or after a transmission if the 
transmitter is active when this bit is set. When 
reset, the transmitter starts sending Idle char- 
acters on the next character boundary if idle 
already, or at the end of a transmission if ac- 
tive. 



O7 De O5 D4 O3 D2 Ot Do 



Cr 



- FLAT STREAM MODE 

- PREFRAME SYNC MODE 

- BUFFERED MODE 

- EARLY Tx INTERRUPT ENABLE 

- EOP INTERRUPT ENABLE 

- HDLC ABORT ENABLE 

- NOT USED - DO NOT CHANGE 
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Figure 24, Operating l\/lode Register 
Serial I/O Mode Register (Figure 25) 

D7-D3: Not Used—ThQse bits must be 0 for the Set 
command and 1 for the Reset command. 

D2: Data Loopback — ^When set, transmitted data 
(TxD) is internally routed to the receive data 
circuitry. When reset, TxD and RxD are inde- 
pendent. 

Di: Clock Lo opbac k — ^When set, TxC is internally 
routed to RxC. When reset, the clocks are in- 
dependent. 

Dq: NRZI (Non-Return to Zero Inverted— When 
set, the 8273 assumes the received data is 
NRZI encoded, and NRZI encodes the trans- 
mitted data. When reset, the received and 
transmitted data are treated as a normal posi- 
tive logic bit stream. 

Data Transfer Mlode Register 
(Figure 26) 

D7-Di: Not Used— These bits must be 0 for the Set 
command and 1 for the Reset command. 
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Dq: Interrupt Data Transfer— V/hcn set, the 8273 
will interrupt the CPU when data transfers are 
required (the corresponding IRA Status regis- 
ter bit will be 0 to signify a data transfer inter- 
rupt rather than a Result phase interrupt). 
When reset, 8273 data transfers are performed 
through DMA requests on the DRQ pins 
without interrupting the CPU. 



O7 Oe O5 D4 Ds O2 O1 Do 



- NRZI MODE 

- CLOCK LOOPBACK 

- DATA LOOPBACK 

- NOT USED - DO NOT CHANGE 
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Figure 25. Serial i/0 Mo6e Register 



D7 Do Ds D4 D3 D2 Do 

IXIXIXIXIXI>^1^ 



T 



- INTERRUPT DATA TRANSFERS 

- NOT USED ~ DO NOT CHANGE 



Figure 26. Data Transfer Mode Register 



One Bit Delay Register (Figure 27) 

D7: One Bit Delay—When set, the 8273 retrans- 
mits the received data stream one bit delayed. 
This mode is entered and exited at a received 
character boundary. When reset, the transmit- 
ted and received data are independent. This 
mode is utilized for loop operation and is dis- 
cussed in a later section. 

D6-D0: Not Used—ThQSQ bit must be 0 for the Set 
command and 1 for the Reset command. 



06 Os D4 D3 D2 Di Do 

IXIXIXIXIXI>^ 



- NOT USED — DO NOT CHANGE 

- ONE BIT DELAY ENABLE 
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Figure 27. One Bit Delay Mode Register 

Figure 28 shows the Set and Reset commands associat- 
ed with the above registers. The mask which sets or 
resets the desired bits is treated as a single parameter. 
These commands do not interrupt nor provide results 
during the Result phase. After reset, the 8273 defaults 
to all of these bits reset. 



Register 


Command 


Hex 
Code 


Parameter 


One Bit Delay 
Mode 


Set 


A4 


Set Mask 


Reset 


64 


Reset Mask 


Data Transfer 
Mode 


Set 


97 


Set Mask 


Reset 


57 


Reset Mask 


Operating Mode 


Set 


91 


Set Mask 


Reset 


51 


Reset Mask 


Serial I/O Mode 


Set 


AO 


Set Mask 


Reset 


60 


Reset Mask 



Figure 28. initiaiization/Configuration 
Command Summary 

Receive Commands 

The 8273 supports three receive commands plus a re- 
ceiver disable function. 



General Receive 

When commanded to General Receive, the 8273 passes 
all frames either to memory (DMA mode) or to the 
CPU (non-DMA mode) regardless of the contents of 
the frame's address field. This command is used for 
primary and loop controller stations. Two parameters 
are required: Bq and B\. These parameters are the LSB 
and MSB of the receiver buffer size. Giving the 8273 
this extra information alleviates the CPU of the burden 
of checking for buffer overflow. The 8273 will interrupt 
the CPU if the received frame attempts to overfill the 
allotted buffer space. 



Selective Receive 

In Selective Receive, two additional parameters besides 
Bq and Bj are required: Ai and A2. These parameters 
are two address match bytes. When commanded to Se- 
lective Receive, the 8273 passes to memory or the CPU 
only those frames having an address field matching ei- 
ther Ai or A2. This command is usually used for sec- 
ondary stations with Aj being the secondary address 
and A2 is the "All Parties'^ address. If only one match 
byte is needed, Ai and A2 should be equal. As in Gen- 
eral Receive, the 8273 counts the incoming data bytes 
and interrupts the CPU if Bq, Bj is exceeded. 



Selective Loop Receive 

This command is very similar in operation to Selective 
Receive except that One Bit Delay mode must be set 
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first two data transfers and Rq, Ri reflect the informa- 
tion field length plu? two. 

Receive Disable 

The receiver may also be disabled using the Receive 
Disable command. This command terminates any re- 
ceive operation immediately. No parameters are re- 
quired and no results are returned. 

The details for the Receive command are shown in Fig- 
ure 29. The interrupt result code key is shown in Figure 
30. Some explanation of these result codes is appropri- 
ate. 

The interrupt result code is the first byte passed to the 
CPU in the Rxl/R register during the Result phase. 
Bits D4-D0 define the cause of the receivef interrupt. 
Since each result code has specific implications, they 
are discussed separately below. 



Command 


Hex 
Code 


Parameters 


Results 
Rxl/R 


* 


General Receive 


CO 


Bo. Bi 


RiC. Ro,Ri. 


A.G 


Selective Receive 


C1 


Bo, Bi,Ai,A2 


RIG, Ro, Ri, 


A,C 


Selective Loop Receive 


C2 


Bo. Bi,Ai,A2 


RIG, Ro. Ri. 


A,C 


Disable Receiver 


C5 


None 


None 





*NOTE: 

A and C are passed as results only in buffered mode. 

Figure 29. Receiver Command Summary 



RIC 




Rx Status 


D7-D0 


Receiver Interrupt Result Code 


After INT 


* 00000 


Ai Match or General Receive 


Active 


* 00001 


A2 Match 


Active 


000 00011 


CRC Error 


Active 


000 00100 


Abort Detected 


Active 


000 00101 


Idle Detected 


Disabled 


000 00110 


EOP Detected 


Disabled 


000 00111 


Frame < 32 Bits 


Active 


000 01000 


DMA Overrun 


Disabled 


000 01001 


Memory Buffer Overflow 


Disabled 


000 01010 


Carrier Detect Failure 


Disabled 


000 01011 


Receiver Interrupt Overrun 


Disabled 


*D7-D5 


Partial Byte Received 




111 


All 8 Bits of Last Byte 




000 . 


Do 




100 


D1-D0 




010 


D2-D0 




110 


D3-D0 




001 


D4~Do 




101 


D5-D0 




oil 


De-Do 





Figure 30. Receiver Interrupt Result Codes (RiC) 
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and that the loop is captured by placing transmitter in 
Flag Stream mode automatically after an EOP charac- 
ter is detected following a selectively received frame. 
The details of using the 8273 in loop configurations is 
discussed in a later section so please hold questions un- 
til then. 

The handling of interrupt results is common among the 
three commands. When a frame is received without er- 
ror, i.e., the FCS is cbrrect and CD (Carrier Detect) 
was active throughout the frame or no attempt was 
made to overfill the buffer; the 8273 interrupts the CPU 
following the closing flag to pass the completion re- 
sults. These results, in order, are the receiver interrupt 
result code (RIC), and the byte length of the informa- 
tion field of the received frame (Ro, Ri). If Buffered 
mode is selected, the address and control fields are 
passed as two additional results. If Buffered mode is not 
selected, the address and control fields are passed as the 
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The first two result codes result from the error-free re- 
ception of a frame. If the frame is received correctly 
after a General Receive command, the first result is 
returned. If either Selective Receive command was used 
(normal or loop), a match with Ai generates the first 
result code and a match with A2 generates the second. 
In either case, the receiver remains active after the in- 
terrupt; however, the internal buffer size counters are 
not reset. That is, if the receive command indicated 100 
bytes were allocated to the receive buffer (Bq, Bi) and 
an 80-byte frame was received correctly, the maximum 
next frame size that could be received without recom- 
manding the receiver (resetting Bq and Bj) is 20 bytes. 
Thus, it is common practice to recommand the receiver 
after each frame reception. DMA and/or memory 
pointers are usually updated at this time. (Note that 
users who do not wish to take advantage of the 8273 *s 
buffer management features may simply use Bq, Bi = 
OFFH for each receive command. Then frames of 65K 
bytes may be received without buffer overflow errors.) 

The third result code is a CRC error. This indicates 
that a frame was received in the correct format (flags, 
etc.); however, the received FCS did not check with the 
internally generated FCS. The frame should be discard- 
ed. The receiver remains active. (Do not forget that 
even though an error condition has been detected, all 
frame information up until that error has either been 
transferred to memory or passed to the CPU. This in- 
formation should be invalidated. This applies to all re- 
ceiver error conditions.) Note that the FCS, either 
transmitted or received, is never available to the CPU. 

The Abort Detect result occurs whenever the receiver 
sees either an SDLC (8 Is) or an HDLC (7 Is), depend- 
ing on the Operating Mode register. However, the in- 
tervening Abort character between a closing flag and an 
Idle does not generate an interrupt. If an Abort charac- 
ter (seen by an active receiver within a frame) is not 
preceded by a flag and is followed by an idle, an inter- 
rupt will be generated for the Abort, followed by an 
Idle interrupt one character time later. The Idle Detect 
result occurs whenever 15 consecutive Is are received. 
After the Abort Detect interrupt, the receiver remains 
active. After the Idle Detect interrupt, the receiver is 
disabled and must be recommanded before further 
frames may be received. 

If the EOP Interrupt bit is set in the Operating Mode 
register, the EOP Detect result is returned whenever an 
EOP character is received. The receiver is disabled, so 
the Idle following the EOP does not generate an Idle 
Detect interrupt. 

The minimum number of bits in a valid frame between 
the flags is 32. Fewer than 32 bits indicates an error. If 
Buffered mode is selected, such frames are ignored, i.e., 
no data transfers or interrupts are generated. In non- 
Buffered mode, a < 32-bit frame generates an interrupt 



with the < 32-bit frame result since data transfers may 
already have disturbed the 8257 or interrupt handler. 
The receiver remains active. 



The DMA Overrun results from the DMA controller 
being too s low in extracting data from the 8273, i.e., the 
RxDACK signal is not returned before the next re- 
ceived byte is ready for transfer. The receiver is dis- 
abled if this error condition occurs. 

The Memory Buffer Overflow result occurs when the 
number of received bytes exceeds the receiver buffer 
length supplied by the Bq and Bi parameters in the 
receive command. The receiver is disabled. 

The Carrier Detect Failure result occurs when the CD 
pin goes high (inactive) during reception of a frame. 
The CD pin is used to qualify reception and must be 
active by the time the address field starts to be received. 
If CD is lost during the frame, a CD Failure interrupt 
is generated and the receiver is disabled. No interrupt is 
generated if CD goes inactive between frames. 

If a condition occurs requiring an interrupt be generat- 
ed before the CPU has finished reading the previous 
interrupt results, the second interrupt is generated after 
the current Result phase is complete (the RxINT pin 
and status bit go low then high). However, the inter- 
rupt result for this second interrupt will be a Receive 
Interrupt Overrun. The actual cause of the second in- 
terrupt is lost. One case where this may occur is at the 
end of a received frame where the line goes idle. The 
8273 generates a received frame interrupt after the clos- 
ing flag and then 15-bit times later, generates an Idle 
Detect interrupt. If the interrupt service routine is slow 
in reading the first interrupt*s results, the internal 
Rxl/R register still contains result information when 
the Idle Detect interrupt occurs. Rather than wiping 
out the previous results, the 8273 adds a Receive Inter- 
rupt Overrun result as an extra result. If the system's 
interrupt structure is such that the second interrupt is 
not acknowledged (interrupts are still disabled from the 
first interrupt), the Receive Interrupt Overrun result is 
read as an extra result, after those from the first inter- 
rupt. If the second interrupt is serviced, the Receive 
Interrupt Overrun is returned as a single result. (Note 
that the INT pins supply the necessary transitions to 
support a Programmable Interrupt Controller such as 
the Intel 8259. Each interrupt generates a positive-go- 
ing edge on the appropriate INT pin and the high level 
is held until the interrupt is completely serviced.) In 
general, it is possible to have interrupts occurring at 
one character time intervals. Thus the interrupt han- 
dling software must have at least that much response 
and service time. 

The occurrence of Receive Interrupt Overruns is an in- 
dication of marginal software design; the system's inter- 
rupt response and servicing time is not sufficient for the 
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data rates being attempted. It is advisable to configure 
the interrupt handling software to simply read the in- 
terrupt results, place them into a buffer, and clear the 
interrupt as quickly as possible. The software can then 
examine the buffer for new results at its leisure, and 
take appropriate action. This can easily be accom- 
plished by using a result buffer flag that indicates when 
new results are available. The interrupt handler sets the 
flag and the main program resets it once the results are 
retrieved. 

Both SDLC and HDLC allow frames which are of arbi- 
trary length (>32 bits). The 8273 handles this N-bit 
reception through the high order bits (D7-D5) of the 
result code. These bits code the number of valid re- 
ceived bits in the last received information field byte. 
This coding is shown in Figure 30. The high order bits 
of the received partial byte are indeterminate. [The ad- 
dress, control, and information fields are transmitted 
least significant bit (Aq) first. The FCS is complement- 
ed and transmitted most significant bit first.] 



Transmit Commands 

The 8273 transmitter is supported by three Transmit 
commands and three corresponding Abort commands. 



Transmit Frame 

The Transmit Frame command simply transmits a 
frame. Four parameters are required when Buffered 
mode is selected and two when it. is not. In either case, 
the first two parameters are the least and the most sig- 
nificant bytes of the desired frame length (Lq, Lj). In 
Buffered mode, Lq and Li equal the length in bytes of 
the desired information field, while in the non-Buffered, 
mode, Lq and Lj must be specified at the information 
field length plus two. (Lq and Li specify the number of 
data transfers to be performed.) In Buffered mode, the 
address and control fields are presented to the transmit- 
ter as the third and fourth parameters respectively. In 
non-Buffered mode, the A and C fields must be passed 
as the first two data transfers. 

When the Trans mit Frame command is issued, the 
8273 makes RTS (Request-to-Send) act ive ( pin low) if 
it was not already. It then waits until CTS (Clear-to- 
Send) goes active (pin low) before starting the frame. If 
the Preframe Sync bit in the Operating Mode register is 
set, the transmitter prefaces two characters (16 tran- 
sitions) before the opening flag. If the Flag Stream bit is 
set in the Operating Mode register, the frame (including 
Preframe Sync if selected) is started on a flag boundary. 
Otherwise the frame starts on a character boundary. 

At the end of the frame, the transmitter interrupts t|ie 
CPU (the interrupt results are discussed shortly) and 



returns to either Idle or Flag Stream, depending o n the 
Flag Streain bit of the Operating Mode register. If RTS 
was active before the transmit command, the 8273 does 
not change it. If it was inactive, the 8273 will deactivate 
it within one character time. 



Loop Transmit 

Loop Transmit is similar to Frame Transmit (the pa- 
rameter definition is the same). But since it deals with 
loop configurations. One Bit Delay mode must be se- 
lected. 

If the transmitter is not in Flag Stream mode when this 
command is issued, the transmitter waits until after a 
received EOP character has been converted to a flag 
(this is done automatically) before transmitting. (The 
one bit delay is, of course, suspended during transmit.) 
If the transmitter is already in Flag Stream mode as a 
result of a selectively received frame during a Selective 
Loop Receive command, transmission will begin at the 
next flag boundary for Buffered mode or at the third 
flag boundary for non-Buffered mode. This discrepancy 
is to allow time for enough data transfers to occur to fill 
up the internal transmit buffer. At the end of a Loop 
Transmit, the One Bit Delay mode is re-entered and the 
flag stream mode is reset. More detailed loop operation 
is covered later. 



Transmit Transparent 

The Transmit Transparent command enables the 8273 
to transmit a block of raw data. This data is without 
SDLC protocol, i.e., no zero bit insertion, flags, or 
FCS. Thus it is possible to construct and transmit a Bi- 
Sync message for front-end processor switching or to 
construct and transmit an SDLC message with incor- 
rect FCS for diagnostic purposes. Only the Lq and Li 
parameters 2lxq used since there are not fields in this 
mode. (The 8273 does not support a Receive Transpar- 
ent command.) 



Abort Commands 

Each of the above transmit commands has an associat- 
ed Abort command. The Abort Frame Transmit com- 
mand causes the transmitter to send eight contiguous 
ones (no zero bit insertion) immediately and then revert 
to either idle or flag streaming based on the Flag 
Stream bit. (The 8 Is as an Abort character is compati- 
ble with both SDLC and HDLC.) 

For Loop Transmit, the Abort Loop Transmit com- 
mand causes the transmitter to send one flag and then 
revert to one bit delay. Loop protocol depends upon 
FCS errors to detect aborted frames. 
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The Abort Transmit Transparent simply causes the 
transmitter to revert to either idles or flags as a func- 
tion of the Flag Stream mode specified. 

The Abort commands require no parameters, however, 
they do generate an interrupt and return a result when 
complete. 

A summary of the Transmit commands is shown in 
Figure 31. Figure 32 shows the various transmit inter- 
rupt result codes. As in the receiver operation, the 
transmitter generates interrupts based on either good 
completion of an operation or an error condition to 
start the Result phase. 

The Early Transmit Interrupt result occurs after the 
last data transfer to the 8273 if the Early Transmit In- 
terrupt bit is set in the Operating Mode register. If the 
8273 is commanded to transmit again within two char- 
acter times, a single flag will separate the frames. (Buff- 
ered mode must be used for a single flag to separate the 
frames. If non-Buffered mode is selected, three flags 
will separate the frames.) If this time constraint is not 
met, another interrupt is generated and multiple flags 
or idles will separate the frames. The second interrupt 
is the normal Frame Transmit Complete interrupt. The 
Frame Transmit Complete result occurs at the closing 
flag to signify a good completion. 

The DMA Underrun result is analogous to the DMA 
Overrun result in the receiver. Since SDLC does not 



support intraframe time fill, if the DMA controller or 
CPU does not supply the data in time, the frame must 
be aborted. The action taken by the transmitter on this 
error is automatic. It aborts the frame just as if an 
Abort command had been issued. 

Clear-to-Send Error result is generated if CTS goes in- 
active during a frame transmission. The fratne is abort- 
ed as above. 

The Abort Complete result is self-explanatory. Please 
note however that no Abort Complete interrupt is gen- 
erated when an automatic abort occurs. The next com- 
mand type consists of only one command. 

Reset Command 

The Reset command provides a software reset function 
for the 8273. It is a special case and does not utilize the 
normal command interface. The reset facility is provid- 
ed in the Test Mode register. The 8273 is reset by sim- 
ply outputting a OIH followed by a OOH to the Test 
Mode register. Writing the 01 followed by the 00 mim- 
icks the action required by the hardware reset. Since 
the 8273 requires time to process the reset internally, at 
least 10 cycles of the <f>CLK clock must occur between 
the writing of the 01 and the 00. The action taken is the 
same as if a hardware reset is performed, namely: 

1) The modem control outputs are forced high inactive. 



Command 


Hex 
Code 


Parameters* 


Results 
Txl/R 


Transmit Frame 


08 


Lo, Li,A,C 


TIC 


Abort 


CO 


None 


TIC 


Loop Transmit 


OA 


Lo. Li.A,C 


TIC 


Abort 


CE 


None 


TIC 


Transmit Transparent 


CO 


Lq. Li 


TIC 


Abort 


CD 


None 


TIC 



*NOTE: 

A and C are passed as parameters in buffered mode only. 

Figure 31. Transmitter Command Summary 
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Transmitter Interrupt 


Tx Status 


D7-D0 


Result Code 


after INT 


000 01100 


Early Tx Interrupt 


Active 


000 01101 


Frame Tx Complete 


Idle or Flags 


000 01110 


DMA Underrun 


Abort 


000 01111 


Clear to Send Error 


Abort 


00010000 


Abort Complete 


Idle or Flags 



Figure 32. Transmitter Interrupt Result Codes 
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2) The 8273 Status register is cleared. 

3) Any commands in progress cease. 

4) The 8273 enters an idle state until the next command 
is issued. 

Modem Control Commands 

The modem control ports were discussed earlier in the 
Hardware section. The commands used to manipulate 
these ports are shown in Figure 33. The Read Port A 
and Read Port B commands are immediate. The bit 
definition for the returned byte is shown in Figures 13 
and 14. Do not forget that the returned value represents 
the logical condition of the pin, i.e., pin active (low) = 
bit set. 

The Set and Reset Port B commands are $imilar to the 
Initialization commands in that they use a mask pa- 
rameter which defines the bits to be changed. Set Port 
B utiUzes a logical OR mask and Reset Port B uses a 
logical AND mask. Setting a bit makes the pin active 
(low). Resetting the bit deactivates the pin (high). 

To help clarify the numerous timing relationships that 
occur and their consequences, Figures 34 and 35 are 
provided as an illustration of several typical sequences. 
It is suggested that the reader go over these diagrams 
and re-read the appropriate part of the previous sec- 
tions if necessary. 



HDLC CONSIDERATIONS 

The 8273 supports HDLC as well as SDLC. Let's dis- 
cuss how the 8273 handles the three basic HDLC/ 
SDLC differences: extended addressing, extended con- 
trol, and the 7 Is Abort character. 

Recalling Figure 4a, HDLC supports an address field 
of indefinite length. The actual amount of extension 
used is determined by the least significant bit of the 
characters immediately following the opening flag. If 
the LSB is 0, more address field bytes follow. If the 
LSB is 1, this byte is the final address field byte. Soft- 
ware must be used to determine this extension. 



If non-Buffered mode is used, the A, C, and I fields are 
in memory. The software must examine the initial char- 
acters to find the extent of the address field. If Buffered 
mode is used, the characters corresponding to the 
SDLC A and C fields are transferred to the CPU as 
interrupt results. Buffered mode assumes the two char- 
acters following the opening flag are to be transferred 
as interrupt results regardless of content or meaning. 
(The 8273 does not know whether it is being usied in an 
SDLC or an HDLC environment.) In SDLC, these 
characters are necessarily the A and C field bytes, how- 
ever in HDLC, their meaning may change depending 
on the amount of extension used. The software must 
recognize this and examine the transferred results as 
possible address field extensions. 

Frames may still be selectively received as is needed for 
secondary stations. The Selective Receive command is 
still used. This command qualifies a frame reception on 
the first byte following the opening flag matching either 
of the Ai or A2 match byte parameters. While this does 
not allow qualification over the complete range of 
HDLC addresses, it does perform a qualification on the 
first address byte. The remaining address field bytes, if 
any, are then examined via software to completely qual- 
ify the frame. 

Once the extent of the address field is found, the follow- 
ing bytes form the control field. The same LSB test 
used for the address field is applied to these bytes to 
determine the control field extension, up to two bytes 
maximum. The remaining frame bytes in memory rep- 
resent the information field. 

The Abort character difference is handled in the Oper- 
ating Mode register. If the HDLC Abort Enable bit is 
set,, the reception of seven contiguous ones by an active 
receiver will generate an Abort Detect interrupt rather 
than eight ones. (Note that both the HDLC Abort En- 
able bit and the EOP Interrupt bit must not be set 
simultaneously.) 

Now let's move on to the SDLC loop configuration 
discussion. 



Port 


Command 


Hex 
Code 


Parameter 


Reg 
Result 


A Input 


Read 


22 


None 


Port Value 


B Output 


Read 


23 


None 


Port Value 


Set 


A3 


Set Mask 


None 


Reset 


63 


Reset Mask 


None 



Figure 33. Modem Control Command Summary 
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Figure 34. Sample Receiver Timing Diagrams 



LOOP CONFIGURATION 

Aside from use in the normal data link applications, the 
8273 is extremely attractive in loop configuration due 
to the special fi-ame-level loop commands and the Digi- 
tal Phase Locked Loop. Toward this end, this section 
details the hardware and software considerations when 
using the 8273 in a loop application. 

The loop configuration offers a simple, low-cost solu- 
tion for systems with multiple stations within a small 
physical location, i.e., retail stores and banks. There are 
two primary reasons to consider a loop configuration. 
The interconnect cost is lower for a loop over a multi- 
point configuration since only one twisted pair or fiber 
optic cable is used. (The loop configuration does not 
support the passing of distinct clock signals from sta- 
tion to station.) In addition, loop stations do not need 
the intelligence of a multi-point station since the loop 



protocol is simpler. The most difficult aspects of loop 
station design are clock recovery and implementation 
of one bit delay (both are handled neatly by the 8273). 

Figure 36 illustrates a typical loop configuration with 
one controller and two down-loop secondaries. Each 
station must derive its own data timing from the re- 
ceived data stream. R ecalli ng o ur ea rlier discussion of 
the DPL L, notic e that TxC and RxC clocks are provid- 
ed by the DPLL output. The only clock required in the 
secondaries is a simple, non-synchronized clock at 32 
times the desired baud rate. The controller requires 
both 32 X and IX clocks. (The IX is usually imple- 
mented by dividing the 32 X clock with a 5-bit divider. 
However, there is no synchronism requirement between 
these clocks so any convenient implementation may be 
used.) 
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Figure 35. Sample Transmitter Timing Diagrams 
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Figure 36. SDLC Loop Application 

A quick review of loop protocol is appropriate. All 
communication on the loop is controlled by the loop 
controller. When the controller wishes to allow the sec- 
ondaries to transmit, it sends a polling frame (the con- 
trol field contains a poll code) followed by an EOP 
(End-of-PoU) character. The secondaries use the EOP 
character to capture the loop and insert a response 
frame as will be discussed shortly. 

The secondaries normally operate in the repeater mode, 
retransmitting received data with one bit time of delay. 
AH received frames are repeated. The secondary uses 
the one bit time of delay to capture the loop. 

When the loop is idle (no frames), the controller trans- 
mits continuous flag characters. This keeps transitions 
on the loop for the sake of down-loop phase locked 
loops. When the controller has a non-polling frame to 
transmit, it simply transmits the frame and continues to 
send flags. The non-polling frame is then repeated 
around the loop and the controller receives it to signify 
a complete traversal of the loop. At the particular sec- 
ondary addressed by the frame, the data is transferred 
to memory while being repeated. Other secondaries 
simply repeat it. 



If the controller wants to poll the secondaries, it trans- 
mits a polling frame followed by all Is (no zero bit 
insertion). The final zero of the closing frame plus the 
first seven Is form an EOP. While repeating, the secon- 
daries monitor their incoming line for an EOP. When 
an EOP is received, the secondary checks if it has any 
response for the controller. If not, it simply continues 
repeating. If the secondary has a response, it changes 
the seventh EOP one into a zero (the one bit time of 
delay allows time for this) and repeats it, forming a flag 
for the down-loop stations. After this flag is transmit- 
ted, the secondary terminates its repeater function and 
inserts its response frame (with multiple preceding flags 
if necessary). After the closing flag of the response, the 
secondary re-enters its repeater function, repeating the 
up-loop controller Is. Notice that the final zero of the 
response's closing flag plus the repeated Is from the 
controller form a new EOP for the next down-loop sec- 
ondary. This new EOP allows the next secondary to 
insert a response if it desires. This gives each secondary 
a chance to respond. 

Back at the controller, after the polling frame has been 
transmitted and the continuous Is started, the control- 
ler waits until it receives an EOP. Receiving an EOP 
signifies to the controller that the original frame has 
propagated around the loop followed by any responses 
inserted by the secondaries. At this point, the controller 
may either send flags to idle the loop or transmit the 
next frame. Let's assume that the loop is implemented 
completely with the 8273s and describe the command 
flows for a typical controller and secondary. 

The loop controller is initialized with commands which 
specify that the NRZI, Preframe Sync, Flag Stream, 
and EOP Interrupt modes are set. Thus, the controller 
encodes and decodes all data using NRZI format. Pre- 
frame Sync mode specifies that all transmitted frames 
be prefaced with 16 line transitions. This ensures that 
the minimum of 12 transitions needed by the DPLL to 
lock after an all Is Hne has occurred by the time the 
secondary sees a frame's opening flag. Setting the Flag 
Stream mode starts the transmitter sending flags which 
idles the loop. And the EOP Interrupt mode specifies 
that the controller processor will be interrupted when- 
ever the active receiver sees an EOP, indicating the 
completion of a poll cycle. 

When the controller wishes to transmit a non-polling 
frame, it simply executes a Frame Transmit command. 
Since the Flag Stream mode is set, no EOP is formed 
after the closing flag. When a polling frame is to be 
transmitted, a General Receive command is executed 
first. This enables the receiver and allows reception of 
all incoming frames; namely, the original polling frame 
plus any response frames inserted by the secondaries. 
After the General Receive command, the frame is 
transmitted with a Frame Transmit command. When 
the frame is complete, a transmitter interrupt is gener- 
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ated. The loop controller processor uses this interrupt 
to reset Flag Stream mode. This causes the transmitter 
to start sending all Is. An EOP is formed by the last 
flag and the first 7 Is. This completes the loop control- 
ler transmit sequence. 

At any time following the start of the polling frame 
transmission the loop controller receiver will start re- 
ceiving frames. (The exact time difference depends, of 
course, on the number of down-loop secondaries due to 
each inserting one bit time of delay.) The first received 
frame is simply the original polling frame. However, 
any additional frames are those inserted by the secon- 
daries. The loop controller processor knows all frames 
have been received when it sees an EOP Interrupt. This 
interrupt is generated by the 8273 since the EOP Inter- 
rupt mode was set during initialization. At this point, 
the transmitter may be commanded either to enter Flag 
Stream mode, idling the loop, or to transmit the next 
frame. A flowchart of this sequence is shown in Figure 
37.' 



The secondaries are initialized with the NRZI and One 
Bit Delay modes set. This puts the 8273 into the repeat- 
er mode with the transmitter repeating the received 
data with one bit time of delay. Since a loop station 
cannot transmit until it sees an EOP character, any 
transmit command is queued until an EOP is received. 
Thus whenever the secondary wishes to transmit a re- 
sponse, a Loop Transmit command is issued. The 8273 
then waits until it receives an EOP. At this point, the 
receiver changes the EOP into a flag, repeats it, resets 
One Bit Delay mode stopping the repeater function, 
and sets the transmitter into Flag Stream mode. This 
captures the loop. The transmitter now inserts its mes- 
sage. At the closing flag, Flag Stream mode is reset, and 
One Bit Delay mode is set, returning the 8273 to re- 
peater function and forming an EOP for the next down- 
loop station. These actions happen automatically after a 
Loop Transmit command is issued. 

When the secondary wants its receiver enabled, a Selec- 
tive Loop Receive command is issued. The receiver 
then looks for a frame having a match in the Address 
field. Once such a frame is received, repeated, and 
transferred to memory, the secondary's processor is in- 
terrupted with the appropriate Match interrupt result 
and the 8273 continues with the repeater function until 
an EOP is received, at which point the loop is captured 
as above. The processor should use the interrupt to de- 
termine if it has a message for the controller. If it does, 
it simply issues a Loop Transmit command and things 
progress as above. If the processor has no message, the 
software must reset the Flag Stream mode bit in the 
Operating Mode register. This will inhibit the 8273 
from capturing the loop at the EOP. (The match frame 
and the EOP may be separated in time by several 
frames depending on how many up-loop stations insert- 
ed messages of their own.) If the timing is such that the 
receiver has already captured the loop when the Flag 
Stream mode bit is reset, the mode is exited on a flag 
boundary and the frame just appears to have extra clos- 
ing flags before the EOP. Notice that the 8273 handles 
the queuing of the transmit commands and the setting 
and resetting of the mode bits automatically. Figure 3$ 
illustrates the major pbints of the secondary command 
sequence. 
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Figure 37. Loop Controller Flowchart 
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Figure 38. Loop Secondary Flowchart 

When an off-line secondary wishes to come on-Hne, it 
must do so in a manner which does not disturb data on 
the loop. Figure 39 shows a typical hardware interface. 
The line labeled Port could be one of the 8273 Port B 
outputs and is assumed to be high (1) initially. Thus up- 
loop data is simply passed down-loop with no delay; 
however, the receiver may still monitor data on the 
loop. To come on-line, the secondary is initialized with 
only the EOP Interrupt mode set. The up-loop data is 
then monitored until an EOP occurs. At this point, the 
secondary's CPU is interrupted with an EOP interrupt. 
This signals the CPU to set One Bit Delay mode in the 
8273 and then to set Port low (active). These actions 
switch the secondary's one bit delay into the loop. Since 
after the EOP only Is are traversing the loop, no loop 
disturbance occurs. The secondary now waits for the 
next EOP, captures the loop, and inserts a "new on- 
line" message. This signals the controller that a new 
secondary exists and must be acknowledged. After the 
secondary receives its acknowledgement, the normal 
command flow is used. 



It is hopefully evident from the above discussion that 
the 8273 offers a very simple and easy to implement 
solution for designing loop stations whether they are 
controllers or down-loop secondaries. 
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Figure 39. Loop Interface 



APPLICATION EXAMPLE 

This section describes the hardware and software of the 
8273/8085 system used to verify the 8273 implementa- 
tion of SDLC on an actual IBM SDLC Link. This IBM 
link was gratefully volunteered by Raytheon Data Sys- 
tems in Norwood, Mass. and I wish to thank them for 
their generous cooperation. The IBM system consisted 
of a 370 Mainframe, a 3705 Communications Proces- 
sor, and a 3271 Terminal Controller. A Comlink II 
Modem supplied the modem interface and all commu- 
nications took place at 4800 baud. In addition to ob- 
serving correct responses, a Spectron D601B Datascope 
was used to verify the data exchanges. A block diagram 
of the system is shown in Figure 40. The actual verifica- 
tion was accomplished by the 8273 system receiving 
and responding to polls from the 3705. This method 
was used on both point-to-point and multi-point config- 
urations. No attempt was made to implement any high- 
er protocol software over that of the poll and poll 
responses since such software would not affect the veri- 
fication of the 8273 implementation. As testimony to 
the ease of use of the 8273, the system worked on the 
first try. 



370 
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COMM 
PROCESSOR 


MAINFRAME 
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Figure 40. Raytheon Biocl( Diagram 

An SDK-85 (System Design Kit) was used as the core 
8085 system. This system provides up to 4K bytes of 
ROM/EPROM, 512 bytes of RAM, 76 I/O pins, plus 
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two timers as provided in two 8755 Combination 
EPROM/I/0 devices and two 8155 Combination 
RAM/I/O/Timer devices. In addition, 5 interrupt in- 
puts are supplied on the 8085. The address, data, and 
control buses are buffered by the 8212 and 8216 latches 
and bidirectional bus drivers. Although it was not used 
in this application, an 8279 Display Driver/Keyboard 
Encoder is included to interface the on-board display 
and keyboard. A block diagram of the SDK-85 is 
shown in Figure 41. The 8273 and associated circuitry 
was constructed on the ample wire-wrap area provided 
for the user. 

The example 8237/8085 system is interrupt-driven and 
uses DMA for all data transfers supervised by an 8257 
DMA Controller. A 2400 baud asynchronous line, im- 
plemented with an 8251 A US ART, provides communi- 
cation between the software and the user. 8253 Pro- 
grammable Interval Timer i6 used to supply the baud 
rate clocks for the 8251 A and 8273. (The 8273 baud 
rate clocks were uSed only during initial system debug. 
In actual operation, the modem supplied these clocks 
via the RS-232 interface.) Two 2142 IK x 4 RAMs 
provided 512 bytes of transmitter and 512 bytes of re- 
ceiver buffer memory. (Command and result buffers. 



plus miscellaneous variables are stored in the 8155s.) 
The RS-232 interface utihz^d MC1488 and MC1489 
RS-232 drivers and receivers. The schematic of the sys- 
tem is shown in Figure 42. 

One detail to note is the DMA and interrupt structure 
of the transmit and receive channels. In both cases, the 
receiver is always given the higher priority (8257 DMA 
channel 0 has priority over the remaining channels and 
the 8085 RST 7.5 interrupt input has priority over the 
RST 6.5 input.) Although the choice is arbitrary, this 
technique minimizes the chance that received data 
could be lost due to other processor or DMA commit- 
ments. 

Also note that only one 8205 Decoder is used for both 
peripheral and memory Chip Select. This was done to 
eliminate separate memory and I/O decoders since it 
was known beforehand that neither address space 
would be completely filled. 

The 4 MHz crystal and 8224 Clock Generator were 
used only to verify that the 8273 operates correctly at 
that maximum spec speed. In a normal system, the 
3.072 MHz clock from the 8085 would be sufficient. 
(This fact was verified during initial checkout.) 
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10 LINES 
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The software consists of the normal monitor program 
suppHed with the SDK-85 and a program to input com- 
mands to the 8273 and to display results. The SDK-85 
monitor allows the user to read and write on-board 
RAM, start execution at any memory location, to sin- 
gle-step through a program, and to examine any of the 
8085's internal registers. The monitor drives either the 
on-board keyboard/LED display or a serial TTY inter- 
face. This monitor was modified slightly in order to use 
the 8251 A with a 2400 baud CRT as opposed to the 
110 baud normally used. The 8273 program imple- 
ments monitor-like user interface. 8273 commands are 
entered by a two-character code followed by any pa- 
rameters required by that command. When 8273 inter- 
rupts occur, the source of the interrupt is displayed 
along with any results associated with it. To gain a 
flavor of how the user/program interface operates, a 
sample output is shown in Figure 43. The 8273 pro- 
gram prompt character is a and user inputs are 
underlined. 

The "SO 05" implements the Set Operating Mode com- 
mand with a parameter of 05H. This sets the Buffer and 
Flag Stream modes. "SS 01" sets the 8273 in NRZI 
mode using the Set Serial I/O Mode command. The 
next command specifies General Receiver with a re- 
ceiver buffer size of OlOOH bytes (Bq = 00, Bi = 01). 
The 'TF" command caiises the 8273 to transmit a 
frame containing an address field of C2H and control 
field of UH. The information field is 001122. The 
"TF" command has a special format. The Lq and Li 
parameters are computed from the number of informa- 
tion field bytes entered. 

After the TF command is entered, the 8273 transmits 
the frame (assuming that the modem protocol is ob- 
served). After the closing flag, the 8273 interrupts the 
8085. The 8085 reads the interrupt results and places 
them in a buffer. The software examines this buffer for 
new results and if new results exist, the source of the 
interrupt is displayed along with the results. 

In this example, the ODH result indicates a Frame 
Complete interrupt. There is only one result for a trans- 
mitter interrupt, the interrupt's trailing zero results 
were included to simplify programming. 

The next event is a frame reception. The interrupt re- 
sults are displayed in the order read from the 8273. The 
EOH indicates a General Receive interrupt with the last 
byte of the information field received on an 8-bit 
boundary. The 03 00 (Rq, Ri) results show that there 
are 3H bytes of information field received. The remain- 
ing two results indicate that the received frame had a 
C2H address field and a 34H control field. The 3 bytes 
of information field are displayed on the next line. 



8273 MONITOR VI. 2 

- SO OS 

- SS 01 

- QR 00 01 

- TF 11 pp 11 ^ 

TxINT - 00 00 00 00 00 

RxINT — EO 03 00 02 34 
FF EE DD 
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Figure 43. Sample 8273 Monitor I/O 

Figures 44 through 51 show the flowcharts used for the 
8273 program development. The actual program listing 
is included as Appendix A. Figure 44 is the main status 
poll loop. After all devices are initialized and a prompt 
character displayed, a loop is entered at LOOPIT. This 
loop checks for a change of status in the result buffer or 
if a keyboard character has been received by the 8251 
or if a poll frame has been received. If any of these 
conditions are met, the program branches to the appro- 
priate routine. Otherwise, the loop is traversed again. 

The result buffer is implemented as a 255-byte circular 
buffer with two pointers: CNADR and LDADR. 
CNADR is the console pointer. It points to the next 
result to be displayed. LDADR is the load pointer. It 
points to the next empty position in the buffer into 
which the interrupt handler places the next result. The 
same buffer is used for both transmitter and receiver 
results. LOOPIT examines these pointers to detect 
when CNADR is not equal to LDADR indicating that 
the buffer contains results which have not been dis- 
played. When this occurs, the program branches to the 
DISPLY routine. 

DISPLY determines the source of the undisplayed re- 
sults by testing the first result. This first result is not 
necessarily the interrupt result code. If this result is 
OCH or greater, the result is from a transmitter inter- 
rupt. Otherwise it is from a receiver source. The source 
of the result code is then displayed on the console along 
with the next four results from the buffer. If the source 
was a transmitter interrupt, the routine merely repoints 
the pointer CNADR and returns to LOOPIT. For a 
receiver source, the receiver data buffer is displayed in 
addition to the receiver interrupt results before return- 
ing to LOOPIT. 
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Figure 44. Main Status Poll Loop 
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Figure 46. GETCMD Subroutine 
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Figure 47. TF Subroutine 



Figure 45. DISPLY Subroutine 



2-326 



inteT 



AP-36 



^TxPOL^ 



CLEAR POLL 
STATUS 



SETUP RESPONSE 
COMMAND BUFFER 



7-^ 

rC0MM2^ 



611001-41 



Figure 48. TxPOL Subroutine 
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Figure 49. COiyilM Subroutine with 
Command Buffer Format 
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If the result buffer pointers indicate an empty buffer, 
the 8251 A is polled for a keyboard character. If the 
8251 has a character, GETCMD is called. There the 
character is read and checked if legal. Illegal characters 
simply cause a reprompt. Legal characters indicate the 
start of a command input. Most commands are orga- 
nized as two characters signifying the command action; 
i.e., GR — General Receive. The software recognizes the 
two character command code and takes the appropriate 
action. For non-Transmit type commands, the hex 
equivalent of the command is placed in the C register 
and the number of parameters associated with that 
command is placed in the B register. The program then 
branches to the COMM routine. 

The COMM routine builds the command buffer by 
reading the required number of parameters from the 
keyboard and placing them at the buffer pointed at by 
CMDBUF. The routine at COMM2 then issues this 
command buffer to the 8273. 

If a Transmit type command is specified, the command 
buffer is set up similarly to the COMM routine; howev- 
er, since the information field data is entered from the 
keyboard, an intermediate routine, TF, is called. TF 
loads the transmit data buffer pointed at by TxBUF. It 
counts the number of data bytes entered and loads this 
number into the command buffer as Lq, Lj. The com- 
mand is then issued to the 8273 by jumping to 
CMDOUT. 

One command does not directly result in a command 
being issued to the 8273. This command, Z, operates a 
software flip-flop which selects whether the software 
will respond automatically to received polhng frames. 
If the Poll-Response mode is selected, the prompt char- 
acter is changed to a ' + If a frame is received which 
contains a prearranged poll control field, the memory 
location POLIN is made nonzero by the receiver inter- 
rupt handler. LOOPIT examines this location and if it 
is nonzero, causes a branch to the TxPOL routine. The 
TxPOL routine clears POLIN, sets a pointer to a spe- 
cial command buffer at CMDBUF 1, and issues the 
command by way of the COMM2 entry in the COMM 
routine. The special command buffer contains the ap- 
propriate response frame for the poll frame received. 
These actions only occur when the Z command has 
changed the prompt to a * + '. If the prompt is normal 
* — polling frames are displayed as normal frames and 
no response is transmitted. The Poll-Response mode 
was used during the IBM tests. 



Figure 50. Txl (Transmitter Interrupt) Routine 
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Figure 51. Rxl (Receiver interrupt) Routine 



The final two software routines are the transmitter and 
receiver interrupt handlers. The transmit interrupt han- 
dler, Txl, simply saves the registers on the stack and 
checks if loading the result buffer will fill it. If the re- 
sult buffer will overfill, the program is exited and con- 
trol is passed to the SDK-85 monitor. If not, the results 
are read from the Txl/R register and placed in the 
result buffer at LDADR. The DMA pointers are then 
reset, the registers restored, and interrupts enabled. Ex- 
ecution then returns to the pre-interrupt location. 

The receiver interrupt handler, Rxl, is only slightly 
more complex. As in Txl, the registers are saved and 
the possibility of overfilhng the result buffer is exam- 
ined. If the result buffer is not full, the results are read 
from Rxl/R and placed in the buffer. At this point the 
prompt character is examined to see if the Poll-Re- 
sponse mode is selected. If so, the control field is com- 
pared with two possible polling control fields. If there is 
a match, the special command buffer is loaded and the 
poll indicator, POLIN, is made nonzero. If no match 
occurred, no action is taken. Finally, the receiver DMA 
buffer pointers are reset, the processor status restored, 
and interrupts are enabled. The RET instruction re- 
turns execution to the pre-interrupt location. 

This completes the discussion of the 8273/8085 system 
design. 

CONCLUSION 

This application note has covered the 8273 in some de- 
tail. The simple and low cost loop configuration was 
explored and an 8273/8085 system was presented as a 
sample design illustrating the DMA/interrupt-driven 
interface. It is hoped that the major features of the 
8273, namely the frame-level command structure and 
the Digital Phase Locked Loop, have been shown to be 
a valuable asset in an SDLC system design. 
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APPENDIX A 



flSM88 :F1 RflVT73 SRC 

ISIS-II 8888/8085 HRCRO f)5SEHBLER> Xi8d HODULE PRGE 1 

LOC OBJ SEQ SOURCE STATEMENT 

1 INOPflGING nOD85 NOCOND 

8888 2 TRUE EQU 88H . 88 FOR RRVTHEON 

3; .FF FOR SELF-TEST 

8888 4 TRUE1 EQU 88H i 88 FOR NORHflL RESPONSE 

5; ,FF FOR LOOP RESPONSE 

8888 6 0EH EQU 88H . 88 FOR NO DEW 

7, .FFFORDEHO 

8 > 

9 ; 

18 ; QENERflL 8273 MONITOR WITH RflVTHEON POU NODE ADDED 
11 ; 

17 ; 

18 . 

19 .COHHAND SUPPORTED ARE RS - RESET SERIAL I/O MDE 
28 ; SS - SET SERIAL I/O MODE 

21 . RO > RESET OPERATING MODE 

22 ; SO - SET OPERATING NODE 

23 ; RD - RECEIVER DISABLE 

24 . GR - GENERAL RECEIVE 

25 , SR - SELECTIVE RECEIVE 

26 , TF - TRANSMIT FRAME 

27 , AF - ABORT FRAME 

28 J SP - SET PORT B 

29 i RP - RESET PORT 6 

38 ; RB - RESET 8NE BIT DELAY (PAR = 7F) 

31 ; SB - SET ONE BIT DELAV (PAR = 88) 

32 . SL - SELECTIVE LOOP RECEIVE 

33 J TL - TRANSMIT LOOP 

34, 2 - CHANGE MODES FLIP/FLOP 
38 ; 

48 . . 

41 ;NOTE 'SET' COMMANDS IMPLEMENT LOGICAL 'OR' FUNCTIONS 

42 , 'RESET' COMMANDS IMPLEMENT LOGICAL 'AND' FUNCTIONS 

43 , 

45 , 

46 > BUFFERED MODE MUST BE SELECTED UHEN SELECTIVE RECEIVE IS USED 

47 , 

48 , COMMAND FORMAT IS" COMMAND (2 LTRS)' 'PAR. II' 'PAR. #2' ETC. 

49 ; 

58 ;THE TRANSMIT FRAME COMMAND FORMAT IS. 'TF' 'A' 'C 'BUFFER CONTENTS'. 
51, NO LENGTH COUNT IS NEEDED. BUFFER CONTENTS IS ENDED WITH A CR. 

52 ; 

54 > 

55 / POLLED MODE- WHEN POUED MODE IS SELECTED (DENOTED BV A '+' PROMPT), IF 
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8091 



0993 



0020 
0004 



0001 



009C 
009D 



0036 



2017 
2018 



56 
57 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 



j8273 EQUATES 




STfiT73 


EQU 


Ton 


C0riH73 


EQU 


90H 


PflRM73 


EQU 


91H 


RESL73 


EQU 


91H 


TXIR73 


EQU 


92H 


RXIR73 


EQU 


93H 


TEST73 


EQU 


92H 


CPBF 


EQU 


20H 


TXINT 


EQU 


04H 


RXINT 


EQU 


08H 


TXIRfl 


EQU 


01H 


RXIRfl 


EQU 


02H 


^8253 EQUATES 




N0DE53 


EQU 


96H 


CNT053 


EQU 


9CH 


CNT153 


EQU 


90H 


CNT253 


EQU 


9EH 


COBR 


EQU 


000CH 


riDCNT0 


EQU 


36H 


HDCNT2 


EQU 


0B6H 


LKBRl 


EQU 


2017H 


LKBR2 


EQU 


2018H 


BAUD RATE TABLE 



A SNRH-P OR RR(0)-P IS RECEIVED. A RESPONSE FRAME OF NSA-F 
OR RR(0)-f IS TRANSHITTED. OTHER COMHANDS OPERATE NORNALLV. 



STATUS REGISTER 

COMHAND REGISTER 

PARAMETER REGISTER 

RESULT REGISTER 

TX INTERRUPT RESULT REGISTER 

RX INTERRUPT RESULT REGISTER 

TEST NODE REGISTER 

PARAMETER BUFFER FULL BIT 

TX INTERRUPT BIT IN STATUS REGISTER 

RX INTERRUPT BIT IN STATUS REGISTER 

TX INT RESULT AVAILABLE BIT 

RX INT RESULT AVAILABLE BIT 



.8253 NODE HORD REGISTER 
.COUNTER 0 REGISTER 
j COUNTER 1 REGISTER 
.COUNTER 2 REGISTER 
.CONSOLE BAUD RATE (2400) 
.NODE FOR COUNTER 0 
;NODE FOR COUNTER 2 
.8273 BAUD RATE LSB ADR 
.8273 BAUD RATE HSB ADR 



m> RATE 


LKBRl 


LKBR2 
***** 


9600 


2E 


00 


4800 


5C 


00 


2480 


89 


80 


1200 


72 


01 


680 


E5 


02 


380 


C9 


05 





102 :8257 EQUATES 








103 i 








00A8 


104 H0DE57 


EQU 


0A8H 


.8257 NODE PORT 




105 CH0ADR 


EQU 


0A0H 


.CH0 (RX> ADR REGISTER 


^Al 


106 CH0TC 


EQU 


dAlH 


.CH0 TERHINAL COUNT REGISTER 


00A2 


107CHiADR 


EQU 


0A2H 


;CH1 fTX) ADR REGISTER 


00A3 


108 CHITC 


EQU 


0A3H 


;CH1 TERMINAL COUNT REGISTER 




109 STAT57 


EQU 


8A8H 


.STATUS REGISTER 


8200 


110 RXBUF 


EQU 


8280H 


;RX BUFFER START ADDRESS 


8000 


111 TXBUF 


EQU 


8000H 


;TX BUFFER START ADDRESS 


0062 


112 DRDHA 


EQU 


62H 


.DISABLE RX DMA CHANNEL TX STILL ON 


41FF 


113 RXTC 


EQU 


41FFH 


. TERMINAL COUNT AND MODE FOR RX CHATMEL 


0863 


114 ENDHA 


EQU 


63H 


;ENABLE BOTH TX AND RX CHANNELS-EXT. HR, 


0061 


115 DTDNA 


EQU 


61H 


; DISABLE TX DMA CHANNEL. RX STILL ON 


81FF 


116 TXTC 


EQU 


81FFH 


^TERMINAL COUNT AND MODE FOR TX CHANNa 



U7 } 
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118 ;8251A EQUATES 








119 i 








0689 


128 CNTL51 


EQU 


89H 






121 STflT51 


EQU 


89H 




0888 


122 TXD51 


EQU 


88H 


TX DATA R^GI<nn 


0088 


123 RXD51 


EQU 


88H 


DATA RFGI^TER 


00CE 


124 MOESl 


EQU 


0CEH 


MQDF 16X.2 STOP. NO PflRITV 


0027 


125 CHD51 


EQU 


27H 


COMNAND^ ENABLE J>WO(, 


0002 


126 RDV 


EQU 


82H 


RXRDV BIT 




127 , 










128 jHONITOR SUBROUTINE EQURTES 






129 ; 








061F 


138 6ETCH 


EQU 


ooirn 


GET CHR FROM KEVBOARD; ASCII IN CH 


05F8 


131 ECHO 


EQU 


05F8H 


ECHO CHR TO DISPLAV 


075E 


132 VRLDG 


EQU 


875EH 


CHECK IF VALID DIGIL CARRV SET IF VALID 


0586 


133 CNVeN 


EQU 


8566H 


CONVERTS ASCII TO HEX 


05EB 


134CRLF 


EQU 


05E8H 


DISPLAV CR/ HENCE LF TOO 


06C7 


135 NHOUT 


EQU 


86C7H 


CONVERT BVTE TO 2 ASCII CHR AND DISPLAV 




136 ; 










137 ;HISC EQUATES 








138 , 








20C0 


139 STKSRT 


EQU 


28C8H 


STACK START 


0003 


140CNTLC 


EQU 


e3H 


CNTL-C EQUIVALENT 




141 HONTOR 


EQU 


8808H 


HONITOR 


20M 


142CHDBUF 


EQU 


2888H 


START OF COMMAND BUFFER 


2028 


143 CHDBFl 


EQU 


2e20H 


POLL MODE SPECIAL TX COMMAND BUFFER 


000D 


144 CR 


EQU 


0DH 


ASCII CR 




145 LF 


EQU 




ASCII LF 


20D4 


146 RST75 


EQU 


20D4H 


RST7. 5 JUMP ADDRESS 


20CE 


147 RST65 


EQU 


20CEH 


RST6. 5 JUMP ADDRESS 


2010 


148 LDADR 


EQU 


2018H 


RESULT BUFFER LOAD POINTER STORAGE 


2013 


149 CNRDR 


EQU 


2813H 


RESULT BUFFER CONSOLE POINTER STORAGE 


2800 


150 RESBUF 


EQU 


2800H 


RESULT BUFFER START - 255 BVTES 


0093 


151 SNRHP 


EQU 


93H 


SNRM-P CONTROL CODE 


0011 


152 RR0P 


EQU 


IIH 


RR(0)-P CONTROL CODE 


8073 


153 NSflF 


EQU 


73H 


NSA-F CONTROL CODE 


8811 


154RR0F 


EQU 


IIH 


RR(0)-F CONTROL CODE 


2015 


155 PRHPT 


EQU 


2015H 


PRMPT STORAGE 


2816 


156 POLIN 


EQU 


2016H 


POLL MODE SELECTION INDICATOR 


2027 


157 DEMODE 


EQU 


2027H 


DEMO MODE INDICATOR 




161 ; 










162 i ****** 




i/^iif}m*********** 






163 > 










164 ;R«1 STORAGE DEFINITIONS: 





165 . 


LX 


DEF 


166 . 






167 i 


2880-280F 


COMMAND BUFFER 


168 ; 


2810-2811 


RESULT BUFFER LOAD POINTER 


169 , 


2813-2814 


RESULT BUFFER CONSaE POINTER 


178 ; 


2815 


PROMPT CHARACTER STORAGE 


171 ; 


2816 


PaL MODE INDICATOR 


172 , 


2817 


BAUD RATE L5B FOR SaF-TEST 


173 ; 


2018 


BAUD RATE MSB FOR SELF-TEST 


177 , 


2819 


SPARE 


179 , 


2828-2826 


RESPONSE COMMAND BUFFER FOR POLL MODE 


180 i 


2880-28FF 


RESULT BUFFER 



181 > 

182 , m*m******************************************^ H+H ^ 
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183 , 












184 


PROGRAM START 










185 ; 












186 , 


INITIALIZE 8253, 8257, 8251fl, 


AND RESET 8273. 






187 . 


ALSO SET NORMAL NOOL AND PRINT SIQNON MESSAGE 






188 . 










0808 


189 


ORG 


800H 








190 










0800 ilC020 


191 START. LXI 


SP,STKSRT' 


, INITIALIZE SP 




0803 2E2S 


192 


MVI 


A,MDCNT0 


,8253 MODE SET 




0805 US3S 


193 


OUT 


M0DE53 


,8253 MODE PORT 




0807 iHl720 


194 


LOA 


LKBRl 


,GET 8273 BAUD RATE LSB 




080H USK 


195 


OUT 


CNT053 


, USING COUNTER 0 AS BAUD RATE GEN 




080C iHl820 


196 


LDA 


LK6R2 


,QET 8273 BUAD RATE MSB 




ooor Di9C 


197 


OUT 


CNT053 


, COUNTER 0 




0811 CDln0B 


198 


CALL 


RXDMA 


, INITIALIZE 8257 RX DMA CHANNEL 




0814 CDi50B 


L99 


CALL 


TXDMA 


, INITIALIZE 8257 TX DMA CHANNEL 




0817 3E01 


200 


MVI 


A>01H 


, OUTPUT 1 FOaOHED BV A 0 




AO J A f\">A'^ 

0819 0392 


201 


OUT 


TEST73 


.J TO TEST MODE REGISTER 




081B 3E00 


202 


MVI 


A, 00H 


, TO RESET THE 8273 




AAjI fV ^^^AO 

081D Di92 


203 


OUT 


TEST73 






0olr ic2D 


204 


MVI 


A, 


.NORMAL MODE PROMPT CHR 




0821 i215Z0 


205 


STA 


PRMPT 


.PUT IN STORAGE 




0824 it00 


206 


MVI 




. TX POLL RESPONSE INDICATOR 




0826 ^21620 


207 


STA 


POLIN 


,0 MEANS NO SPECIAL TX 




0829 222720 


208 


STA 


DEMODE 


• aEAP DEMO MODE 




o82C 21niw. 


212 


LXI 


H, SIGNON 


i SIGNON MESSAGE ADR 




floor fTiQior 
a82r CD92ol 


213 
214 , 


CALL 


TVMSG 


.DISPLAV SIGNON 






215 .MONITOR USES 


JUMPS IN RAM TO DIRECT INTERRUPTS 






216 , 












217 


LXI 


HRST75 


,RST7 5 JUMP LOCATION USED BV MONITOR 






as 


LXI 


B,RXI 


, ADDRESS OF RX INT ROUTINE 




B8i8 ibCi 


219 


MVI 


M,0C3H 


. ,LOAD 'JMP' OPCODE 




082fl 23 


220 


INX 


H 


, INC POINTER 




083B 71 


221 


MOV 


M,C 


,LOAD RXI LSB 




083C 23 


222 


INX 


H 


, INC POINTER , 




08iD tV 


223 


MOV 


M.B 


,LOADRXIMSB 




vost iXLten 


224 


LXI 


H,RST65 


,RST6 5 JUMP LOCATION USED BV MONITOR 




0841 01CE0C 


225 


LXI 


B,TXI 


•ADDRESS OF TX INT ROUTINE 






226 


MVI 


M,0C3H 


,LOAD 'JMP' OPCODE 






227 


INX 


H 


, INC POINTER 




0847 71 


228 


MOV 


M,C 


..LOAD TXI LSB 




0848 23 


229 


INX 


H 


. INC POINTER 




QQAa 7Q 


230 


MOV 


M,6 


.LOAD TXI MSB 




osiAO "id a 
omn icio 


231 


MVI 


A.18H 


•GET SET TO RESET INTERRUPTS 




084C 30 


232 


SIM 




, RESET INTERRUPTS 




o84D rb 


233 
234 , 


EI 




, ENABLE INTERRUPTS 






235 . 


INITIALIZE BUFFER POINTER 








236 , 












237 . 










084E 210028 


238 


LXI 


HRESBUF 


,SET RESULT BUFFER POINTERS 




0851 221320 


239 


SHLD 


CNADR 


,RESULT CONSOLE POINTER 




0854 221026 


240 

241 , 


SHLD 


LDADR 


, , RESULT LOAD POINTER 






242 ;MflIN PROGRflM LOOP - CHECKS FOR CHflNGE IN RESULT POINTERS, USflRT STATUS, 






243 , 


OR POLL STATUS 
















611001-48 



2-332 




AP-36 





244 ; 










0857 CDEB05 


245 CMDREC. 


COLL 


CRLF 


, DISPLOV CR 




9850 2fli520 


246 


LDO 


PRHPT 


;QET CURRENT PROMPT CHR 




085D 4F 


247 


HOV 


CO 


,HOVE TO C 




085E CDF805 


248 


COLL 


ECHO 


•DISPLOV IT 




0861 201320 


249 LOOPIT 


LHLO 


CNOOR 


,GET CONSOLE POINTER 




0864 7D 


250 


NOV 


0,L 


,SOVE POINTER LSB 




0865 201020 


251 


LHLD 


LDODR 


>GET LORD POINTER 




0868 BD 


252 


CHP 


L 


,SOHE LSB? 




0869 C2390R 


253 


JNZ 


DISPV 


>N0. RESULTS NEED DISPLOVING 




086C DB89 


259 


IN 


ST0T51 


/VES. CHECK KEVBOORD 




086E E602 


260 


ONI 


RDV 


,CHR RECEIVED' 




0870 C27D0d 


261 


JNZ 


GETCHO 


.MUST BE CHR SO GO GET IT 




0873 301620 


262 


LDO 


paiN 


•GET POLL MODE STOTUS 




0876 07 


263 


ONO 


0 


; IS IT B' 




0877 C24C09 


264 


JNZ 


TXPOL 


,N0. THEN POa OCCURRED 




0870 C36108 


265 

266 ; 

267 ; 


JMP 


LOOPIT 


;VES, TRV OGOIN 






268 .COrmOND RECOGNIZER ROUTINE 








269 * 












270 ; 










087D CD1F06 




COLL 


GETCH 


,GET CHR 




0880 CDF805 


272 


COLL 


ECHO 


,ECHO IT 




0883 79 


273 


HOV 


0/C 


, SETUP FOR COHPORE 




0884 FE52 


274 


CP I 








0886 COOF08 


275 


JZ 


R(HW 


.GET MORE 




0889 FE53 


276 


CPI 


'S 






0886 COD708 


277 


JZ 


SDHN 


.GET MORE 




088E FE47 


278 


CPI 


'G'' 






0890 COFF08 


279 


JZ 


GDUN 


.GET MORE 




0893 FE54 


280 


CPI 


'T' 


■ T' 




0895 CO0E89 


281 


JZ 


TDUN 


,GET MORE 




0898 FE41 


282 


CPI 


'0' 






0890 CO2209 


283 


JZ 


ODUN 


•GET MORE 




089D FE5fl 


284 


CPI 


'V 


• Z' 




089F CO3109 


285 


JZ 


CHODE 


.VES. GO CHONGE HODE 




0802 FE03 


290 


CPI 


CNTLC 


.CNTL-C' 




0804 CO0800 


291 


JZ 


HONTOR 


.EXIT TO HONITOR 




0807 0E3F 


292 ILLEG 


MVI 




.PRINT -> 




0809 CDF885 


293 


COLL 


ECHO 


: DISPLOV IT 




08OC C35708 


294 
295 


JMP 


CHOPEC 


.LOOP FOR COMMOND 




08flF CO1F06 


296 RDUN 


COLL 


GETCH 


.GET NEXT CHR 




0882 CDF805 


297 


COLL 


ECHO 


.ECHO IT 




0885 79 


298 


HOV 


0,C 


.SETUP FOR COMPARE 




08B6 FE4F 


299 


CPI 


'0' 






08B8 C05De9 


300 


JZ 


ROCHD 


;R0 COMHOND 




08BB FE53 


301 


CPI 


'S' 


,V> 




08BD CO6709 


302 


JZ 


RSCHD 


,RS COMMOND 






303 


CPI 


/Q/ 


' V'. 




08C2 CO7109 


304 


JZ 


RDCHD 


.RD COMHOND 




08C5 FE50 


305 


CPI 


'P' 


.P' 




08C7 CflD809 


306 


JZ 


RPCHD 


.RP COMHOND 




08CO FE52 


387 


CPI 


'R' 


.R? 




08CC CO0008 


308 


JZ 


STORT 


.START OVER 




08CF FE42 


309 


CPI 


'B' 






08D1 CO7B09 


310 


JZ 


RBCHD 


.RB COHHAND 


611001-49 
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08D4 C3fl798 


311 
312 


JMP 


ILLEG 


; ILLEGAL TRV AGAIN 


0807 coiFee 


313 SOUN- 


CALL 


QETCH 


;QET NEXT CHR 


0800 CDF805 


314 


CALL 


ECHO 


J ECHO IT 


08OD 78 


315 


MOV 


A.B 


; SETUP FOR COMPARE 


08OE FE4F 


316 


CPI 


'0' 


iO? 


08E8 CfmS 


317 


JZ 


SOCHD 


;S0 COWAND 


08E3 FE53 


318 


CPI 


'S' 


iS7 


08E5 CflBe89 


319 


JZ 


SSCHD 


iSS COMMAND 


88E8 FE52 


320 


CPI 


'R' 


,R? 


08Efl CPBm 


321 


JZ 


SRCMO 


.SR COMMAND 


08EO FE50 


322 


CPI 


/p/ . 


fn 


8dEF CflE289 


323 


JZ 


SPCMD 


SP COMMAND 


08F2 FE42 


324 


CPI > 




B? 


08F4 Cf»8509 


325 


JZ 


SBCMD 


SB COMMAND 


08F7 FE4C 


326 


CPI 




L? 


08F9 Cfl8F09 


327 


JZ 


SLCMD 


SL,COMMAND 


08FC C3R7e8 


328 
329 


JMP 


lUEG 


ILi!eGAL TRV AGAIN 


08FF CO1F06 


330 GDUN. 


CALL 


QETCH 


GET NEXT CHR 


0982 CDF885 


331 


CALL 


ECHO 


ECHO IT 


0905 78 


332 


MOV 


A.B 


SETUP FOR COMPARE 


0966 FE52 


333 


CPI 


'R' ;R? 


0908 CflC409 


334 


JZ 


GRCMD 


GR COMMAND 


0908 C3fl708 


335 
336 


JMP 


ILLEG 


ILLEGAL, TRV AGAIN 


09eE C01F86 


337 TDHN. 


CALL 


QETCH ,GET NEXT CHR 


0911 C0F885 


338 


CALL 


ECHO ,ECHO IT 


0914 78 


339 


MOV 


A. 6 


SETUP FOR COrPARE 


0915 FE46 


340 


CPI 


■'F' ;F'? 


0917 CflEC09 


341 


JZ 


FCMD ;TF COMMAND 


091fl FE4C 


342 


CPI 


'L' ,i'> 


091C Cfl9909 


343 


JZ 


TLCMD ;TL COMMAND 


091F C3fl708 


344 


JMP 


ILLEG ; ILLEGAL. TRV AGAIN 




345 








0922 CO1F06 


346 ADUN 


CALL 


GETCH , GET NEXT CHR 


0925 CDF805 


347 


CALL 


ECHO 


ECHO IT 


0928 78 


348 . 


MOV 


A. 6 


SETUP FOR COMPARE 


0929 FE46 


349 


CPI 


'F' 


F"? 


092B CflCE09 


150 


JZ 


AFCMD 


AF COMMAND 


092E C3fl708 


351 
352 , 


JMP 


ILLEG 


ILLEGAL. TRV AGAIN 




353 ; RESET POa MODE RESPONSE - CHflNQE PROMPT CHR ftS INDICATOR 




354 ; 








0931 F3 


355 CMODE 


01 




DISABLE INTERRUPTS 


0932 381520 


356 


LDA 


PRMPT 


GET CURRENT PROHPT 


0935 FE2D 


357 


CPI 




NORMAL MODE'' 


0937 C24309 


358 


JNZ 


SI4 


NO, CHANGE IT 


093fl 3E2B 


359 


MVI 


A,'+' 


NEW PROMPT 


093C 321520 


360 


STA 


PRMPT 


STORE NEW PROMPT 


093F FB 


365 


EI 




ENABLE INTERRUPTS 


0940 C35708 


366 


JMP 


CMOREC - 


RETURN TO LOOP 


0943 3E2D 


367 SH: 


MVI 


A,'-' 


NEU PROMPT CHR 


0945 321520 


368 


STA 


PRMPT 


STORE IT 


0948 FB 


369 


EI 




ENABLE INTERRUPTS 


0949 C35708 


370 


JMP 


CMOREC /RETURN TO LOOP 




371 ; 










372 ; 






611001-50 
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373 ,TRflNSHIT ANSWER TO POLL SETUP 








374 > 












382 TXPOL 


HVI 


A> O0H 


n COD DfV 1 TUnTrOTflD 






384 


STfl 


POLIN 








385 


LXI 


HAOOPIT 


■ cmiD c7oev cno mMMBun nirrDiiT 
/jtivr sinjh rUK Ufffffffv uuirui 




0954 E5 


386 


PUSH 


H 


' DIIT DCTIBIl Tn rMhDETr fM CT^V 
>r\J\ KtiUKn lU UlUKcL UN sinLR 






387 


HVI 


B.04H 


ItTT i nr PflMMPTTDC KOtiV 

' uc 1 « ur mnnrK i vn kuwt 






388 


LXI 


H,CMDBF1 


■PnTMT TD CDCrTOI MCCTCD 






389 


JMP 


C0MM2 


) JUnr lU LiJtWWWw WlrUICK 






390 > 












391 > 












392 i 












393 .COMMflNO IMPLEMENTING ROUTINES 








394 ; 












395 , 












396 jRO - 


RESET OPERATING MODE 








397 , 










0950 0601 


398 ROCMD 


HVI 


B.01H 


.* OF PARAMETERS 




095F 0E51 


399 


HVI 


C,51H 


•COMMAND 




0961 CDE50A 


400 


CALL 


COMM 


•GET PARAMETERS AND ISSUE COMMAND 




0964 C35708 


401 


JMP 


CMDREC 


,GET NEXT (mm 






402 ; 












403 ,RS - 


RESET SERia I/O MODE COMNflND 






404 i 










0967 0601 


405 RSCMD 


HVI 


B,01H 


.* OF PARAMETERS 




0969 0E60 


406, 


HVI 


C,60H 


; COMMAND 




096B CDE50R 


407 


CALL 


COMM 


.GET PARAMETERS AND ISSUE COMMAND 




096E C25708 


408 


JMP 


CMDREC 


.GET NEXT COMMAND 






409 . 












410 ,RD - 


RECEIVER DISABLE COMMAND 








411 . 










0971 0600 


412 RDCMD 


HVI 


B,00H 


.# OF PARAMETERS 




0973 0EC5 


413 


HVI 


C,0C5H 


.COMMAND 




0975 CDE50R 


414 


CALL 


COMM 


. ISSUE COMMAND 




0978 C25708 


415 


JMP 


CMDREC 


.GET NEXT COMMAND 






416 / 












417 ,RB - 


RESET ONE BIT DELAV COMMAND 






418 , 










097B 0601 


419 RBCMD 


HVI 


B>01H 


>« OF PARAMETERS 




097D 0E64 


420 


HVI 


C.64H 


t COMMAND 




097F CDE50R 


421 


CALL 


COMM 


!gET parameter and issue COMMAND 




0982 C35708 


422 


JMP 


CMDREC 


;GET NEXT COMMAND 






423 , 












424 iSB - 


SET ONE 


BIT DELAV COMMAND 








425 , 










0985 0601 


426 SBCMD 


HVI 


B.01H 


.# OF PARAMETERS 




0987 0Efl4 


427 


HVI 


C;0A4H 


;COMMAND 




0989 CDE50A 


428 


CALL 


COMM 


.GET PARAMETER AND ISSUE COMMAND 






429 


JMP 


CMDREC 


.GET NEXT COMMAND 






430 . 












431 ,SL - 


SELECTIVE LOOP RECEIVE COMMAND 






432 i 










098F 0604 


433 SLCMD 


HVI 


B.04H 


.1 OF PARAMETERES 




0991 0EC2 


434 


HVI 


C.0C2H 


.COMMAND 




0993 COE50fl 


435 


CALL 


COMM 


;GET PARAMETERS AND ISSUE COMMAND 




0996 C35708 


436 


JMP 


CMDREC 


.GET NEXT COMMAND 






437 , 












438 ; TL - 


TRANSMIT LOOP COMMAND 
















611001-51 



2-335 



AP-36 





439 . 








8999 210628 


440 TLCMO 


LXI 


H^CMDBUF 


. SET COMMAND BUFFER POINTER 


e99C 8602 


441 


MVI 


8i02H 


•LOAD PARAMETER COUNTER 


099E 36Cfl 


442 


MVI 




AOAD COMMAND INTO BUFFER 


09R8 218220 


443 


LXI 


H.CMDBUF^2 


, POINT AT ADR AND CNTL POSITIONS 


09fl3 C3F609 


444 


JHP 


TFCMDl 


. FINISH OFF COMMAND IN TF ROUTINE 




445 . 










446 iSO - 


SET OPERATING MODE COMHflND 




447 ; 








09R6 0661 


448 SOCHD 


MVI 


B.01H 


.# OF PARAMETERS 


09R8 0E91 


449 


MVI 


C.91H 


.-COMMAND 


09fW CDE50A 


456 


CflLL 


COMM 


jGET parameter AM) ISSUE COMMAND 


09flO C35708 


451 


JMP 


CMDREC 


.GET NEXT COMMAND 




452 , 










453 iSS - 


SET SERIAL I/O COMMAND 






454 ; 








09B0 8601 


455 SSCMD 


MVI 


B.01H 


;i OF PARAMETERS 


0962 0ER0 


456 


MVI 


C.0A6H 


.COMMAND 


09B4 CDE56R 


457 


CALL 


COMM 


, GET PARAMETER AND ISSUE COMMAND 


0987 C35788 


458 


JMP 


CMDREC 


.GET NEXT COMMAND 




459 ; 










466 .SR - 


SELECTIVE RECEIVE COMMAND 






461 ; 








09Bfl 0604 


462 SRCMD 


MVI 


B.84H 


. 1 OF PARAMETERS 


09BC 0EC1 


463 


MVI 


asciH 


.COMMAND 


09BE COE50fl 


464 


CALL 


COMM 


. GET PARAMETERS AND ISSUE COMMAND 


09C1 C35708 


465 


JMP 


CMDREC 


.GET NEXT COMMAND 




466 ; 










467 ;GR - 


GENERAL RECEIVE COMMAND 






468 i 








oTV'r KKvA 




MVI 


B.82H 


; NO PARAMETERS 


09C6 0EC0 


476 


MVI 


C;8C6H 


.COMMAND 


09C8 CDE50R 


471 


CALL 


COMM 


. ISSUE COMMAND 


09C8 C35708 


472 


JMP 


CMDREC 


.GET NEXT COMMAND 




473 , 










474 .flF - 


ABORT FRAME COMMAND 






475 , 








09CE 0680 


476 flFCMD 


MVI 


6.86H 


;N0 PARAMETERS 


09D0 0ECC 


477 


MVI 


C,8CCH 


;COMMAND 


09D2 Cl>E50fl 


478 


CALL 


COMM 


.ISSUE COMMAND 


0905 C35708 


479 
480 , 


JMP 


CMDREC 


.GET NEXT COMMAND 




481 ,RP - 


RESET PORT COMMAND 






482 , 








09D8 0601 


483 RPCMD 


MVI 


B;81H 


; « OF PARAMETERS 


09DR 6e63 


484 


MVI 


C,63H 


iCOMMAND 


09DC CDE58fl 


485 


CALL 


COMM 


.GET PARAMETER AND ISSUE COMMAND 


890F C35788 


486 


JMP 


CMDREC 


;GET NE}(T COMMFWD 




487 , 










488 .SP - 


SET PORT 


COMMAND 






489 ; 








09E2 8601 


498 SPCMD 


MVI 


6.61H 


.1 OF PARAMETERS 


09E4 8Efl3 


491 


MVI 


C,8A3H 


; COMMAND 


89E6 CDE50R 


492 


CALL 


COMM 


.-GET PARAMETER AND ISSUE COMMAND 


09E9C35768 


493 


JMP 


CMDREC 


.GET NEX COMMAND 




494 , 










495 ,TF - 


TRANSMIT 


FRAME COMMAND 






496 . 
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irtnu. 


LXI 


til CNDBUF 


/SET COHHAND BUFFER POINTER 




MPT acao 




HVI 


B/82H 


/LOAD PARAHETER COUNTER 








NVI 


Hj 8C8H 


;LUnD CONNAND INTO BUFFER 




V^l^ ^ fcXPC.fcV 


588 


LXI 




OftTUT OT ono Ofci\ run oncTTTnuc 




09F6 78 




NOV 


Ai B 


TCCT III II Km II II muT 




89F7 R7 


582 


RNR 




TC TT ft? 

• 15 11 0' 




oqcg rflATM 


502 


J2 


TBUFL 


vrc 1 ncvs tv mtq qhtccd 




wl/ni^nl 


584 


CALL 


PARIN 


/ UC 1 rlRltlt. 1 CK 




oocc naoTOQ 


585 


JC 


Ti 1 pi; 


TI 1 P<;QI rUD DCTIBUm 




8^81 22 


586 


INX 




Tkir mMMom nmrcD DnTiiTCD 
/ INL tmfiiw DurrcK ruiNicK 




8f)02 85 


587 


DCR 


g 


ncr DODOMcmrD miiiTCD 
> MiL rrmnnblbK LUMltK 




77 




nuY 


M 0 


• i ooDoiCTCD Turn rnMMOun oi ccld 




WW* If^rMlj 




TMP 

jnr 


TCPMri<l 

irtivi 


ftCT ucvT ftnrfMiWTrr 
•ubi NcaI rnKHntltK 






518 










wriwf fcXCnVQv 


511 TBUFL" 


LXI 


HaTXBUF 


■ i f\us TV iviTa n irccp pnTUTPD 




vfivn uxvvw 


512 


LXI 


g 


n PA6 Rr - RVTP m utpp 




9090 05 


51? TBUFLl 


PUSH 




. <V)VF BVTP rilMTPP 

/ DT 1 C wUUn 1 Cn 




viiww Ul/nvvTi 


514 


CALL 


PARIN 


nrr noTa m toc pnpflwnTP 
/uci iiTiin/ nLiio rrffcnncicK 




orUA i/nxoon 


515 


JC 




/ iTfrot tm/ ir iLLcunL 




8R14 77 


516 


NOV 


H.f A 


• 1 non hATO QUTP Tirrn phtppd 
/LUfi/ unin OTit iniu oUrrtK 




8R15 23 


517 


INX 




. INT niPPPP PflTNTFB 




8R16 CI 


518 


POP 


g 


■ ppcrnpp Rvrrp rn mtpd 




8R17 02 


519 


11^ 


g 


TUT RVTP rraiMTPD 
• inu OTIC LUlRIICfs 




9fM8 nflMA 


528 


JNP 


TBUFLl 


APT MPVT DATA 




0040 ccon 




CPI 


CR 


SCTiBUPn TM PfiAi PUD rpo 




9R1D Cfl24flA 


522 


JZ 


TBUFFL 


VPC: TUPM TV Bil^PPD Pll i 




8A20 CI 


523 


POP 


g 


.RpctTQRF R in ^AUF ^TMY 

/ lU.^ 1 URb O 1 U STItC S 1 ni/^ 






524 


JNP 


ILLEG 






8R24 CI 


525 TBUFFL 


POP 


g 


. RESTORE BVTE COUNTER 




0R25 218120 


526 


LXI 




.POTNT INTO rnMWMD HFPPR 




8R28 71 


527 


NOV 


H»C 






0R29 22 


528 


INX 


H 


/ INC POINTER 




8R2R 78 


529 


NOV 


N.B 


/STORE BVTE COUNT NSB 




8R26 0684 


528 


NVI 


B;84H 


/LOAD PARAMFTFR COUNT INTO B 




8A2D 21268f) 


521 


LXI 


H^TFRET 


;GET RETURN ADR FOR THIS ROUTINE 




8R28 C5 


522 


PUSH 


B 


/PUSH ONCE 




8R21 E2 


522 


XTHL 




/PUT RETURN ON STACK 




0R22 C5 


524 


PUSH 


B 


/PUSH IT SO CNDOUT CAN USE IT 




8R22 C2FB8R 


525 


JNP 


CHDOUT 


/ISSUE CONNAND 




8fl26 C25708 


526 TFRET, 


JNP 


CNDREC 


/ GET NEXT COHHAND 






527 . 

528 , 












529 , ROUTINE TO DISPLflV RESULT IN RESULT BUFFER HHEN LOflD AND CONSOLE 






548 , POINTERS ARE DIFFERENT 








541 > 












542 ; 










8R39 1685 


542 DISPV 


NVI 


D.85H 


•D IS RESULT COUNTER 




8R2B 2fll228 


544 


LHLD 


CNAOR 


/GET CONSOLE POINTER 




0fOE E5 


545 


PUSH 


H 


•SAVE IT 




dR2F 7E 




NOV 


A,H 


/GET RESULT IC 




8R48 E61F 


547 


ANI 


IFH 


/LIHIT TO RESULT CODE . 




8fl42 FE8C 


548 


CPI 


8CH 


/TEST IF RX OR TX SOURCE 




0R44 Dfl628fl 


549 


JC 


RXSORC 


/CARRY; THEN RX SOURCE 




0fl47 aC38C 


558 TXSORC 


LXI 


H>TXIHS6 


/ TX INT NESSAGE 




8fl4A CD928C 


551 


CALL 


TVHSG 


/DISPLAY IT 




0R4DE1 


552 DISPV2 


POP 


H 


/RESTORE CONSOLE POINTER 




8fl4E 7E 


552 DISPVl 


NOV 


A.N 


/GET RESULT 




8A4FCDC7e6 


554 


CALL 


NHOUT 


/CONVERT AND DISPLAY 














611001-53 



2-337 



AP-36 



0R52 eE28 


555 


m 


C " 


;SPCHR 


0R54 CDF805 


556 


CALL 


ECHO 


iDISPLAV IT , 


0fl57 2C 


557 


INR 


L ' 


, INC BUFFER POINTER 


efl58 15 


558 


DCR 


D 


,DEC RESULT COUNTP? 


8R59 C24Eefl 


559 


JN2 


DISPVl 


.NOT DONE 


eflSC 221320 


560 


SHLD 


CNADR 


.UPDATE CONSOLE POINTER 


0fl5F C35708 


561 


JHP 


CHDREC 


.RETURN TO LOOP 




562 . 










563 , 










564 .RECEIVER SOURCE - DISPU)V RESULTS RND RECEVIE BUFFER CONTENTS 




565 , 










566; 








0R62 21B80C 


567 RXSORC 


LXI 


H;RXIHSG 


.RX INT HESSAGE ADR 


0R65 CD928C 


568 


cfla 


TVHSG 


jDISPLAV HESSAGE 


ms El 


569 


POP 


H 


; RESTORE CONSOLE POINTER 


8R69 7E 


570 RXSl. 


NOV 


A.H 


; RETRIEVE RESULT FROM BUFFER 


eA6R CDC786 


. 571 


CALL 


Nhout 


iCONVERT ANDDISPLAV IT 


eR6D eE28 


572 


HVI 




;ASCII SP 


8R6F CDFSeS 


573 


Cfla 


ECHO 


;DISPLAV it 


0fl72 2C 


574 


INR 


L 


. INC CONSOLE POINTER 


8fl73 15 


575 


DCR 


D 


;DEC RESULT COUNTER 


8fl74 7fl 


576 


HOV' 


A.D 


;QET SET TO TEST COUNTER 


8fl75 FEe4 


577 


CPI 


04H 


; IS THE RESULT R0? 


0fl77 Cm28R 


578 


JZ 


RePT 


;VES. GO SAVE IT 


9fl7R FE03 


579 


CPI 


03H 


; IS THE RESULT Rl^? 


8R7C CAR70R 


586 


J2 


RIPT 


iVES. GO SAVE IT 


0fl7F fl7 


581 RXS2- 


ANA 


A 


.-TEST RESULT COUNTER 


0R8aC269efl 


582 


JNZ 


RXSl 


.NOT DONE VET. GET NEXT RESULT 


eR83 221326 


583 


SHLD 


CNADR 


• fsnuc cn i lotsoTr rnucn c on tutcd 
itAJnC; >) UrPnTc UffouLc rOINTcK 


eR86 CDEB85 


584 


CALL 


CRLF 


.DISPLAVCR 


eR89 210882 


585 


LXI 


H.RXBUF 


.POINT AT RX BUFFER 


0R8C CI 


586 


POP 


B 


; RETRIEVE RECEIVED COUNt 


0fl8D 78 


587 RXS3- 


HOV 


A.B 


; IS COUNT 0? 


0R8E Bl 


588 


ORA 


C 




0R8F CR5708 


589 


J2 


CHDREC 


;VES. GO BACK TO LOOP 


0fl92 7E 


596 


NOV 


A,H 


;N0. GET CHR 


8R93 C5 


591 


PUSH 


6 


;SAVEBC 


0R94 CDC706 


592 


CALL 


NHOUT 


; CONVERT AND DISPLAV CHR 


0R97 0E20 


593 


HVI 




.ASCII SP 


0fl99 CDF805 


594 


CAa 


ECHO 


.DISPLAV IT TO SEPARATE DATA 


0R9C CI 


595 


POP 


6 


;RESTORE BC 


0fl9D 06 


596 


DCX 


6 


.DEC COUNT 


0fl9E 23 


597 


INX 


H 


;INC POINTER 


0R9F C38D0R 


598 


JHP 


RXS3 


;GET NEXT CHR 




599 








0Rfl2 4E 


666 R0PT 


HOV 


C,H 


;GET R0 FOR RESULT BUFFER 


0m3 C5 


601 


PUSH 


B 


;SflVE IT 


0flfl4 C37F0fl 


602 


JHP 


RXS2 


;RETURN 


0flfl7Cl 


603 

604 RIPT: 


POP 


6 


;GETR0 


0f)R8 46 


605 


HOV 


6>H 


; GET Rl FOR RESULT BUFFER 


0Rfl9 C5 


606 


PUSH 


B 


;SAVE IT 


0RRR C37F0R 


607 
608 . 


JHP 


RXS2 






609 i 

610 ; 










611 ;PARAHETER INPUT - PflRflHETER RETURNED IN E REGISTER 




612 i 
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bis > 








vnnv \nj 




DtlCU 
rUSn 


0 
D 


cour DT 
t bnvt Dl» 




615 


NVI 


D> 01H 


• arr ruD f^niuTCD 
oti wnK tuunitK 




616 






fiCT ruD 
I uci tnK 




617 


CALL 


ECHO 


/ECHO IT 


8R66 79 


618 


HOV 


fl/C 


J rU 1 unP! in n 




017 








W1D7 LftCOVn 


628 


IM7 


POCfkH 

rnriru. 


/ NU/ iLLtunL./ IKY nuniN 


oocr miCQc 


ex DODTkT? 

bdl rrmlni. 


LnLL 


GETCH 


ACT rUD nC IIIIHIMi II II 

•uti LnK Ur rnKnntltK 


CMDC mCQCK 

onbr tUroVj 


622 


CRLL 


ECW 


/ECHO IT 






UtlLL 


YnLUU 






e^ 


JtK 


OODTkM 

rnKlru. 


• im TDU ttttf ki 
.• NU/ IKY nuniN 


onto tUDtWg 


b£g 


CRLL 


CNV6N 


rntiUCDT IT Trt ucv 

/UJnVcKl It lU nb/s 


8RCB 4F 


626 


nuY 


L; n 


• cour TT TM r 


8RCC 7fl 


627 


NOV 


R/D 


ccr pup rniMTPP 

/ UC 1 wHK l/lWn 1 CK 


0RCD R7 


628 






; IS IT 8^ 






r? 


PRRIN2 


■VCC rkHMP UTTU TUTC DODOMPTrP 
/ YC3/ UWC NX In Inl3 rlWUVLICK 


BflDl 15 


638 


ItK 


IS 
V 


nrr rup rniiMTrp 

• UCU Cnr LIMI 1 CK 


0flO2 RF 


631 


XRR 






8flD3 79 


632 


HOV 


fl/C 




6AD4 17 


633 


RRL 




.ROTRTF LEFT 4 PLflCE5 


ftV)5 17 


634 


RfH. 






17 


635 


RRL 






0flD7 17 


636 


RRL 






0flD8 ^ 


637 


HOV 


LR 


,CpUC TT TU C 


0RD9 C36C0R 


638 


JMP 


PRRIN3 


/GET NEXT CHR 


8RDC 79 


639 PflRIN2. 


MOV 


R/C 


i 2ND CHR IN R 


0RDD 


648 


ORR 


E 


/ COMBINE BOTH CHR5 


BflDE CI 


641 


POP 


B 


/RESTORE BC 


8R0F C9 


642 


RET 




/RETURN TO CRLLING PROGRRH 


0f€0 79 


643 PflRINl: 


HOV 


fl,C 


.PI IT ILLFGM. CHR IN A 


BflEl 37 


644 


STC 




/ SET CRRRV flS ILLEGRL STATUS 


0RE2 CI 


645 


POP 


B 


•RESTORE BC 


9P£2 C9 


646 


RET 




•RETURN TO CRLLING PROGRRH 




647 , 




















649 ,JUHP HERE IF BUFFER FULL 






658 t 








0f€4 CF 


651 BUFFUL 


DB 


8CfH 


J EXIT TO NQNITflR 




652 . 










653 , 










654 :COmRND DISPRTCHER 






655 > 










656 . 








8RE5 aee2e 


657 com 


LXI 


H,CHDBUF 


;SET POINTER 


0flE8 C5 


658 


PUSH 


B 


/SRVE BC 


8f€9 71 


659 


HOV 


H,C 


.LORD COMMAND INTO BiFFER 


MEfl 78 


668 cortu 


HOV 


R;B 


; CHECK PRRRMETER COUNTER 


efCB fl7 


661 




fl 


, IS IT 8? 


8REC CflFBSR 


662 


JZ 


CHDOUT 


/VES/ GO ISSUE COHNRND 


8REF cmm 


663 


CRU 


PRRIN 


/GET PRRRMETER 


8RF2 DRR788 


664 


JC 


ILLEG 


/ ILLEGRL CHR RETURNED 


0flF5 22 


665 


INX 


H 


/ INC BUFFER POINTER 


eRF6 85 


666 


DCR 


B 


•DEC PRRRHETER COUNTER 


8flF7 77 


667 


HOV 


H,R 


.PRRRMETER TO BUFFER 


SfTB CSEflBR 


668 


JHP 


COHHl 


/GET NEXT PARAMETER 


eRFB aee2e 


669 CHD0UT: 


LXI 


H.CHD6UF 


/REPOIKT POINTER 


eflFE 01 


678 


POP 


B 


/RESTORE PARAMETER COUNT 
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orr p 0890 


o71 C0MH2 


IN 


STAT73 


DfTOA 0077 CTQTIIC 

RcHD 8273 SmTUS 




0B01 07 


672 


RLC 




ocvTOTC PDcu Turn rODDU 




0D02 DnrFwl 


673 


JC 


C0NH2 


uoTT cno nv 
HHl 1 rUK UK 




0B95 7E 


674 


NOV 


Ai H 


fv unuc rnMHttn Turn o 
UKf nuvt tunrvvv iniu n 






675 


OUT 


C0NH73 


UUIrUI tunnrffv 




8B88 78 


676 PARI" 


NOV 


A/ 6 


utT PHKHNcT fcR COWT 




0B09 fl7 


677 


ANA 


A 


IS IT 0^ 




060A C8 


678 


RZ 




TtS; DOHt> KETUfiN 




0B8B 22 


679 


INX 


H 


INC CONHAND BUFFER POINTER 




dBec 85 


688 


DCP 


8 


DEC PARAHETER COUNT 




W0D DB98 


681 PflR2- 


IN 


STAT73 


READ STATUS 




888F E628 


682 


ANI 


CPeF 


IS CP8F 6IT SET? 




8611 C28D8B 


683 


JNZ 


PAR2 


HAIT TIL ITS 0 




8B14 7E 


684 


NOV 


A.N 


OK. GET PflRANETER FROH BUFFER 




WlD UiTl 


685 


OUT 


PARN73 


OUTPUT PARAHETER 




ODlr LiWWD 


686 


JNP 


PARI 


GET NEXT PARAHETER 






687 ,• 












689 . INITIRLIZE AND 


ENAeLE RX DNA CHANNa 






698 ; 












691 , 










win itO£ 


692 RXDNR. 


NVI 


Ai DRDNA 


DISABLE RX DHA CHANNEL 




otur ivtoo 


693 


OUT 


N00E57 


8257 HODE PORT 




ODlt OIWRk 


694 


LXI 


B,RXBUF 


RX BUFFER START ADDRESS 




6621 79 


695 


NOV 


A,C 


RX BUFFER LSB 






696 


OUT 


CH8ADR 


CH0 ADR PORT 




Win to 


697 


NOV 


A,B 


RX BUFFER HSB 






698 


OUT 


CH8ADR 


CH0 ADR PORT 






699 


LXI 


B,RXTC 


RX CH TEERHINAL COUNT 






700 


NOV 


A,C 


RX TERNINAL COUNT LSB 




acyiB f\7a4 


701 


OUT 


CH0TC 


CH0 TC PORT 




WkL' f 0 


702 


NOV 


A.B 


RX TERHINRL COUNT NSB 






703 


OUT 


CH0TC 


CH0 TC PORT 




ap7ft 7Ctf7 


704 


NVI 


A.ENDNA 


ENABLE DNA UORD 




0070 l\70Q 

tWic 1/ino 


705 


OUT 


N0DE57 


8257 NODE PORT 




9B34 C9 


706 


RET 




RETURN 






707 , 












788 i 












709 , INITIALIZE AND 


ENABLE TX DNA CHANTCL 






710 , 












711 , 










OD?*E 7CC4 


712 TXDMA: 


NVI 


A.DTDNA 


DISABLE TX DNA CHANNEL 




0077 l\700 


713 


OUT 


N0DE57 


8257 HODE PORT 




0070 040000 


714 


LXI 


B,TXBUF 


TX BUFFER START ADDRESS 




aD7r 70 

Wit/ r? 


715 


NOV 


A,C 


TX BUFFER LSB 




007n PkTOO 

Wil/ i/in£ 


716 


OUT 


CHIADR 


CHI ADR PORT 




0P7r 70 

Wir ro 


717 


NOV 


A.B 


TX BUFFER NSB 




OD^O l\700 


718 


OUT 


CHIADR 


CHI ADR PORT 




W4Z WJtoI 


719 TXDMftl: 


LXI 


B,TXTC 


TX CH TERNINAL COUNT 




8B45 79 


728 


NOV 


%Z 


TX TERNINAL COUNT LSB 




8B4€ D3fl3 


721 


OUT 


CHITC 


CHI TC PORT 




8B48 78 


722 ' 


NOV 


A.B 


TX TERNiNRL COUNT NSB 




8649 rni 


723 


OUT 


CHITC 


CHI TC PORT 




8646 3E63 


724 


NVI 


flEWNA 


ENABLE DNA HORD 




8640 D3fl8 


725 


OUT 


N0DE57 


8257 NODE PORT 




864F C9 


726 


RET 




RETURN 






727 , 












728 . 
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729 ! INERRUPT PROCESSING SECTION 
738 ; 

0cee 731 ORG ecesH 

732 . 

733 , 

734 .RECEIVER INTERRUPT - RST 7 5 (LOC 3CH) 

735 ; 



0Ce0 E5 


736 RXI' 


PUSH 


H 


>SRVE HL 


0C01 F5 


737 


PUSH 


PSH 


iSRVE PSH 


8C92 C5 


738 


PUSH 




.SRVE BC 


6C63 05 


739 


PUSH 


0 


iSRVE DE 


8C84 3E62 


746 


HVI 


flDRDHfl 


; DISR6LE RX DHR 


0C96 D3A8 


741 


OUT 


H0DE57 


; 8257 HODE PORT 


eC88 3E18 


742 


nvi 


fll8H 


. RESET RST7 5 F/F 


eC8A 38 


743 


SIH 






8CeB 1684 


744 


HVI 


D«84H 


;D IS RESULT COUNTER 


8C8D 2R182e 


745 


LHLD 


LOADR 


;GET LORD POINTER 


8C18 E5 


746 


PUSH 


H 


iSflVE IT 


8C11 E5 


747 


PUSH 


H 


;SRVE IT RGRIN 


eC12 45 


748 


NOV 


B>L 


.SflVE LS6 


8C13 2R1328 


749 


LHLD 


ONROR 


:GET CONSOLE POINTER 


8C16 84 


758 RXU 


INR 


B 


;BUHP LORD POINTER LSB 


8C17 78 


751 


HOV 


H,B 


•GET SET TO TEST 


8C18 BD 


752 


Clf> 


L 


;L0flD<0NS0LE'7 


8C19 CRE48R 


753 


JZ 


BUFRJL 


iVES; BUFFER FULL 


8C1C 15 


754 


ix:R 


D 


;DEC COUNTER 


8C1D C2168C 


755 


JNZ 


RXU 


;NOT DONE, TRV RGRIN 


8C28 1685 


756 


HVI 


D.85H 


.RESET COUNTER 


8C22 El 


757 


POP 


H 


.RESTORE LORD POINTER 


8C23 DB98 


758 RXI2 


IN 


STflT73 


.RERD STRTUS 


8C25 E688 


759 


HNI 


RXINT 


.TEST RX INT BIT 


8C27 CR398C 


768 


JZ 


RXI3 


.DONE. GO FINISH UP 


8C2R D698 


761 


IN 


STflT73 


jRERD STRTUS RGRIN 


8C2C E682 


762 


mi 


RXIRA 


; IS RESULT RERDV^ 


8C2E Cfl238C 


763 


JZ 


RXI2 


;N0. TEST RGRIN 


8C31 0893 


764 


IN 


RXIR73 


;VES. RERD RESULT 


8C33 77 


765 


HOV 


N,fl 


: STORE IN BUFFER 


8C34 2C 


766 


INR 


L 


. INC BUFFER POINTER 


8C35 15 


767 


DCR 


D 


.iDEC COUNTER 


8C36 C3238C 


768 


JHP 


RXI2 


.GET HORE RESULTS 


8039 7fl 


769 RXI3 


NOV 


flD 


.GET SET TO TEST 


8C3flfl7 


778 




R 


.ALL RESULTS? 


8C3B Cfl458C 


771 


JZ 


RXI4 


.VES. SO FINISH UP 


8C3E 3688 


772 


HVI 




.NO. LORD 8 TIL DONE 


8C48 2C 


773 


INR 


L 


.BUHP POINTER 


eC41 15 


774 


DCR 


D 


.DEC COUNTER 


8042 033980 


775 


JHP 


RXI3 


;G0 RGRIN 


8C45 221828 


776 RXI4. 


SHLD 


LORDR 


.UPDRTE LORD POINTER 


8048 3niS28 


777 


LDA 


PRHPT 


•GET HODE INDICRTOR 


8C46 FE2D 


778 


CPI 




.NORNRL HODE? 


8040 CfeS80 


779 
788 . 


JZ 


RXI6 


.VES. CLERN UP BEFORE RETURN 




781 , 


POLL HODE SO CHECK. CONTROL BYTE 




782 , 


IF CONTROL IS fl POLL 


SET UP SPECIAL TX COHHRND BUFFE 




783 ; 


RND RETURN WITH POLL INDICRTOR NOT 8 




784 ; 








8058 El 


785 


POP 


H 


;GET PREVIOUS LORD RORPOINTE 


8C51 7E 


786 


HOV 


R.H 


.GET IC BVTE FROH BUFFER 
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Dv«f& COAC. 


787 


ANI 


icn 


■>LUUK Ml uUW rKnnt 




788 


JNZ 


RXI5 


> ir pu\ 0* xnitKKUrl wtan l rKlfi n UUUV rKiffc 


0C57 2C 


789 


INR 






W)58 ^ 


798 


IVR 






0C59 2C 


791 


INR 






6CSR 56 


792 


HOV 


\>> H 


• <XT AnC QUTC OUT) CAUC TT TU fk 




707 


INR 


L 




0C5C 7E 


794 


HOV 


Of M 

nt n 


• OCT run Dure cinim qi cccd 
/UtI tniL oYlc rRDn oUrrcK 




795 


CPI 


SNRHP 


> WO 1 1 alwn 'rf 




796 


JZ 


tl 


- ucc nn ccT occdmicc 
iJt.s> w SCI KtsrUNx 




797 


CPI 


RR6P 


• UAC TT DD^AS«00 




798 


JNZ 




• UCC fin CTT DCCDflUCC nTUTDUTCT DCTIIDU 


0C67 IPtl 


799 


HVI 


E^RR8F 


DP/AV-D Cn CCT DCCDflUCC Tfl DO/A%^ 


flC69 C36f flC 


888 


JHP 


TXRET 


•nn CTMTCu 1 nonTiK cdcptai bibxcd 

fUU rinisn LUn/irM 3rll(«lrV ourrcK 


0C6C 1E73 


881 


Tl. HVI 


E/NSRF 


ciBM-p en CCT ppcprnKC TO Mm r 


6C6E 212820 


882 TXRET LXI 




> SrCUinL OUrrCK nUK 


0C7i 36C8 


886 


HVI 


H«8C8H 


: 1 nnn tv cmmp rnMMMn 
f Luni/ 1 A rnnnc L'Unw 


0C73 23 


888 


INX 




Tkir DntkiTCD 


8C74 3686 


889 


HVI 




L8=0 


8C76 23 


818 


INX 


H 


INC POINTER 




811 


HVI 




Ll=6 


8C79 23 


812 


INX 


H 


INC POINTER 


8C7fl 72 


813 


HOV 


H,0 


LOAD RCVD ADR BVTE 


0C7B 23 


814 


INX 


H 


INC POINTER 


0C7C 73 


815 


HOV 


H.E 


LOAD RESPONSE CNTl BVTE 


OVrl/ xlOX 


816 


HVI 


fl>81H 


SET POLL INDICATOR NOT 8 


6C7P "OAGXi 


817 


STfl 


POLIN 


LOAD POLL INDICATOR 




818 


JHP 


RXI5 .RETURN 




819 








0C85 El 


828 RXI6 POP 


H 


CLEAN UP STACK IF NORHAL HODE 


0C86 C%9flr 


821 


JHP 


RXI5 ; RETURN 




822 








8C89 CDIASB 


823 RXI5' cm 


RXOHR ; RESET DHfl CHflNNEL 


8C8C Dl 


824 


POP 


D , RESTORE REGISTERS 


6C8D CI 


825 


POP 


B . 




6C8E Fl 


826 


POP 


PSH 




0C8F El 


827 


POP 


H 




8C98 F6 


828 


EI 




ENABLE INTERRUPTS 


8C91 C9 


829 


RET 


; RETURN 




838 










831 










832 


HESSRGE TVPER 


- flSSUHES HESSflGE STARTS AT HL 




833 










834 








8C92 C5 


835 TVHSG: PUSH 


B 


SAVEBC 


8C93 7E 


836 TVHS62. HOV 


fl.H 


GET ASCII CHR 


0C94 23 


837 


INX 


H 


INC POINTER 


0C95 FEFF 


838 


CPI 


8FFH 


STOP? 


8C97 Cflfll8C 


839 


JZ 


TVHSGl 


VE& GET SET FOR EXIT 


0C9fl 4F 


846 


HOV 


Cfl 


SET UP FOR DISPLflV 


8C9B CDF805 


841 


CfU 


ECHO 


DISPLAV CHR 


6C9E C3938C 


842 


JHP 


TVHSG2 


GET NEXT CHR 


8CR1C1 


843 TVHSGl. POP 


B 


RESTORE BC 


8CR2 C9 


844 
845 
846 
847 
848 


RET 

SIGNON HESSfXiE 




RETURN 
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inter 
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ecR3 eo 

8Cfl4 38322733 
8CR8 2e4D4F4E 
eCflC 49544F52 
8CBe 28205631 
8C84 2E31 
eCB6 8D 
8Ce7FF 



8C88 80 
8CB9 52582849 
8CBD 4E542820 
8CC1 28 
8CC2 FF 



8CC3 8D 
8CC4 54582849 
8CC8 4E54282D 
8CCC 28 
8CCD FF 



849 SIGNON 06 



CR, '8273 MONITOR VI 1^CR,8FFH 



851 . 

852 . 

853 .RECEIVER INTERRUPT HESSBGE5 

854 , 

855 ; 

856 RXIHSG 06 CR> 'RX INT - ' 



.8FFH 



857 , 

858 ;TRflNSMITTER INTERRUPT HESSfWES 

859 ; 

868 TXIMSG- 06 CR, 'TX INT - ^8FFH 





861 ; 










862 , 










863 iTRflNSHITTER 


INTERRUPT ROUTINE 






864 j 








8CCEE5 


865 TXI. 


PUSH 


H 


SAVEHL 


8CCFF5 


866 


PUSH 


PSH 


SHVE PSH 


8C08C5 


867 


PUSH 


B 


SRVE6C 


8C01 05 


868 


PUSH 


0 


SflVEOE 


8C02 3E61 


869 


HVI 


HOTOHfl 


DISABLE TX DHR 


8C04 03R8 


870 


OUT 


H00E57 


8257 NODE PORT 


8CD6 1684 


871 


HVI 


0/84H 


SET COUNTER 


8CD8 2A1828 


872 


LHLO 


LDflOR 


GET LOW POINTER 


8CDe E5 


873 


PUSH 


H 


SflVE IT 


8CDC 45 


874 


NOV 


B.L 


SAVE LSB IN8 


8CDD2A1328^ 


875 


LHLO 


CNRDR 


GET CONSOLE POINTER 


8CE8 84 


876 TXU. 


INR 


B 


INC POINTER 


8CE1 78 


877 


NOV 


R.B 


GET SET TO TEST 


8CE2 80 


878 


CUP 


L 


LOffXONSOLE? 


8CE3 CAE4eR 


879 


JZ 


BUFFUL 


VES. BUFFER RU 


8CE6 15 


888 


OCR 


0 


NO, TEST NEXT LOCATION 


0CC7C2E88C 


881 


JNZ 


TXU 


TRV AGAIN 


8CEA El 


882 


POP 


H 


RESTORE LOAD POINTER 


8CEBDB92 


883 


IN 


TXIR73 


READ RESULT 


8CED 77 


884 


NOV 


H.A 


STORE IN BUFFER 


8CEE2C 


885 


INR 


L 


INR POINTER 


8CEF 3680 


886 


HVI 


H/ 8flH 


EXTRA mn SPOTS 0 


8CF1 2C 


887 


INR 


L 




0CF2 3680 


888 


HVI 






8CF4 2C 


889 


INR 


L 




8CF5 3600 


890 


HVI 






0CF7 2C 


891 


INR 


L 
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ecP8 seee 


892 


MVI 


H.00H 




>3CFfl 2C 


39: 


INP 


L 




8CFB 221020 


894 


SHLO 


LDflOP 


• LiPDflTE LORD POINTER 


0CFE mm 


899 


CRLL 


wm 


■ RESET m CHflNNa 


0D01 Di 


900 


POP 


D 


.RESTORE DE 


0D02 CI 


901 


POP 


B 


.RESTORE BC 


0003 Fl 


902 


POP 


PSH 


•RESTORE PSW 


0004 Ei 


902 


POP 


H 


.RESTORE HL 


0005 FB 


904 


EI 




.ENfiBLE INTERRUPTS 


0006 C? 


905 


RET 




.RETURN 














907 . 










952 . 










953 . 










954 


END 







PUBLIC SVMBOLS 



EXTERNflL SVMBOLS 



USER SVMBOLS 



RDMN 


R 


0922 


RFCMC- R 09CE 


BUFFUL 


fl 0RE4 


CH0flOR fl 


00fl0 


CH0TC 


R 


0efli 


CHIRDR 


R 


08R2 


CHITC 


fl 


88R3 


CM051 


R 


0027 


CHOBFl fl 2020 


CMOBUF 


R 2000 


CMDOUT fl 


0flFB 


CMDREC 


fl 


0857 


CMODE 


fl 


0921 


CNRDR 


fl 


2813 


CNT053 


R 


009t: 


CNT153 fl 0090 


CNT25S 


R 009E 


CNTL51 fl 


0089 


CNTLC 


fl 


0803 


CNVBN 


fl 


05BB 


COBR 


R 




COMH 


R 


0flE5 


COHHl R dRER 


CI3MM2 


fl 0flFF 


COMMH fl 


0090 


CPBF 


fl 


0020 


CR 


fl 


0800 


CRLF 


R 


05EB 


DEN 


fl 


0000 


DEMODE fl 2027 


DISPV 


fl 0fl39 


DISPVl fl 


0fl4E 


DISPV2 


fl 


0R4D 


DROHR 


fl 


0062 


OTDHfl 


fl 


0061 


ECHO 


R 


05F8 


ENOCHK fl 0fllB 


ENOMfl 


fl 0063 


GOUN fl 


08FF 


ijETCH 


fl 


061F 


GETCMD 


R 


0870 


GROMD 


fl 


8904 


ILLEG 


R 


08R7 


LDRDR fl20i0 


LF 


R 000fl 


LK6P1 R 


2017 


LKBR2 


fl 


2018 


LOOPIT 


fl 


0861 


MDONT0 


R 


8836 


NDCNT2 


R 


00B6' 


HDE51 fl00CE 


flODE53 


fl 009B 


M0DE57fl 


00fl8 


MONTOR 


R 


0808 


NHOUT 


R 


06C7 


NSRF 


fl 


8873 


PflRl 


R 


0608 


PRR2 fl 0B0D 


PflRIN 


fl 0RflO 


PflRINl fl 


0ftE0 


PRRIN2 


R 




PRRINS 


fl 


0fl6C 


PflRH73 


fl 


8891 


POLIN 


R 


2016 


PRMPT fl2015 


R0PT 


fl 0flfl2 


RIPT fl 


0flfl7 


RBCMO 


fl 


0976 


RDCMO 


fl 


0971 


ROUN 


fl 


08flF 


PDV 


R 


0002 


RESBUF fl 2800 


RESL7] 


fl 0091 


ROCMO fl 


095C' 


RPCMO 


R 


0908 


RR0F 


R 


0011 


RR0P 


fl 


8811 


RSCMD 


R 


096? 


PST65 fl 20CE 


RST75 


fl 20D4 


RXBUF fl 


8200 


RXD51 


fl 


0088 


RXOMfl 


R 


061R 


RXI 


fl 


8088 


RXU 


fl 


0C16 


RXI2 fl 0C2? 


RXI3 


fl 0C39 


RXI4 fl 


0C45 


RXI5 


fl 


0C89 


RXI6 


R 


0085 


RXIMSG 


fl 


8068 


RXINT 


R 


0008 


RXIR73 fl 0093 


RXIRfl 


fl0002 


RXSl fl 


0fl69 


RXS2 


fl 


0fi7F 


RXS3 


fl 


0R8O 


RXSORO 


fl 


8fl62 


RXTC 


R 


4iFF 


SBCMD fl 0985 


SDUN 


fl 0807 


SIGNON fl 


0Cfl2 


SLCMO 


R 


098F 


SNRMP 


R 


0093 


SOOHO 


fl 




SPCMC' 


R 


09E2 


SPCMD fl 09Bft 


SSCMD 


fl 0960 


START fl 


0.S00 


STftTSl 


R 


0089 


STflT57 


fl 


00fl8 


STflT73 


R 


8898 


STk'SPT 


R 


20C0 


5« fl 0943 


Tl 


fl 0C6C 


T6UFFL fl 


0ft24 


TBUFL 


fl 


0fl07 


TeUFLl 


fl 


0fl0D 


TOUN 


fl 


898E 


TEST73 


fl 


0092 


TFCMD fl09EC 


TFCMDl 


fl 09F6 


TFRET fl 


0fl36 


TLCHO 


R 


0999 


TRUE 


R 


0080 


TRUEl 


R 




TXBUF 


R 


8000 


TXD51 R 0988 


TXDMfl 


R 0B35 


TXDMfll ft 


0642 


TXI 


R 


0CCE 


TXU 


fl 


0CE0 


TXIMSG 


fl 


0CC2 


TXINT 


R 


0004 


TXIR73 fl 0092 


TXIRR 


R 0001 


TX-POL fl 


094C 


rXRET 


fl 


0C6E 


TXSORC 


fl 


0fl47 


TXTC 


fl 


81FF 


TVMS6 


R 


0C92 


TVMS61 fl 0Cfll 


TVMSG2 


fl 0093 


VRLDG fl 


075E 





















flSSEMBLV CimETE. NO ERRORS 

611001-60 
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INTRODUCTION 

The 8274 Multiprotocol serial controller (MPSC) is a 
sophisticated dual-channel communications controller 
that interfaces microprocessor systems to high-speed 
serial data links (at speeds to 880K bits per second) 
using synchronous or asynchronous protocols. The 
8274 interfaces easily to most common microprocessors 
(e.g., 8048, 8051, 8085, 8086, and 8088), to DMA con- 
trollers such as the 8237 and 8257, and to the 8089 I/O 
processor. Both MPSC communication channels are 
completely independent and can operate in a full-du- 
plex communication mode (simultaneous data trans- 
mission and reception). 

Communication Functions 

The 8274 performs many communications-oriented 
functions, including: 

— Converting data bytes from a microprocessor sys- 
tem into a serial bit stream for transmission over 
the data link to a receiving system. 

— Receiving serial bit streams and reconverting the 
data into parallel data bytes that can easily be pro- 
cessed by the microprocessor system. 

— Performing error checking during data transfers. 
Error checking functions include computing/trans- 
mitting error codes (such as parity bits or CRC 
bytes) and using these codes to check the validity of 
received data. 

— Operating independently of the system processor in 
a manner designed to reduce the system overhead 
involved in data transfers. 



System Interface 

The MPSC system interface is extremely flexible, sup- 
porting the following data transfer modes: 

1. Polled Mode. The system processor periodically 
reads (polls) an 8274 status register to determine 
when a character has been received, when a charac- 
ter is needed for transmission, and when transmis- 
sion errors are detected. 

2. Interrupt Mode. The MPSC interrupts the system 
processor when a character has been received, when 
a character is needed for transmission, and when 
transmission errors are detected. 



3. DMA Mode. The MPSC automatically requests data 
transfers from system memory for both transmit and 
receive functions by means of two DMA request sig- 
nals per serial channel. These DMA request signals 
may be directly interfaced to an 8237 or 8257 DMA 
controller or to an 8089 I/O processor. 

4. WAIT Mode. The MPSC ready signal is used to syn- 
chronize processor data transfers by forcing the 
processor to enter wait states until the 8274 is ready 
for another data byte. This feature enables the 8274 
to interface directly to an 8086 or 8088 processor by 
means of string I/O instructions for very high-speed 
data links. 



Scope 

This application note describes the use of the 8274 in 
asynchronous communication modes. Asynchronous 
communication is typically used to transfer data to/ 
from video display terminals, modems, printers, and 
other low-to-medium-speed peripheral devices. Use of 
the 8274 in both interrupt-driven and polled system en- 
vironments is described. Use of the DMA and WAIT 
modes are not described since these modes are em- 
ployed mainly in synchronous communication systems 
where extremely high data rates are common. Pro- 
gramming examples are written in PL/M-86 (Appendix 
B and Appendix C). PL/M-86 is executed by the 
iAPX-86 and iAPX-88 processor famihes. In addition, 
PL/M-86 is very similar to PL/M-80 (executed by the 
MCS-80 and MCS-85 processor families). In addition, 
Appendix D describes a simple application example us- 
ing an SDK-86 in an iAPX-86/88 environment. 



SERIAL-ASYNCHRONOUS DATA 
LINKS 

A serial asynchronous interface is a method of data 
transmission in which the receiving and transmitting 
systems need not be synchronized. Instead of transmit- 
ting clocking information with the data, locally gener- 
ated clocks (16, 32 or 64 times as fast as the data trans- 
mission rate) are used by the transmitting and receiving 
systems. When a character of information is sent by the 
transmitting system, the character data is framed (pre- 
ceded and followed) by special START and STOP bits. 
This framing information permits the receiving system 
to temporarily synchronize with the data transmission. 
(Refer to Figure 1 during the following discussion of 
asynchronous data transmission.) 
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DATA LINK IDLE START « 
(MARKING) BIT !j 



PARITY 
0 



n_n_r 



« DADiTv STOP DATA LINK IDLE 
WKMHIIT g,^ (MARKING) 



CHARACTER (UPPER CASE S'S3H) 
10 1 0 0 11 



Figure 1. Transmission of a 7-Bit ASCii Character with Even Parity 



Normally the data link is in an idle or marking state, 
continuously transmitting a "mark" (binary 1), When a 
character is to be sent, the character data bits are im- 
mediately preceded by a "space" (binary 0 START bit). 
The mark-to-space transition informs the receiving sys- 
tem that a character of information will immediately 
follow the start bit. Figure 1 illustrates the transmission 
of a 7-bit ASCII character (upper case S) with even 
parity. Note that the character is transmitted immedi- 
ately following the start bit. Data bits within the char- 
acter are transmitted from least-significant to most-sig- 
nificant. The parity bit is transmitted immediately fol- 
lowing the character data bits and the STOP framing 
bit (binary 1) signifies the end of the character. 

Asynchronous interfaces are often used with human in- 
terface devices such as CRTAeyboard units where the 
time between data transmissions is extremely variable. 



Characters 

In asynchronous mode, characters may vary in length 
from five to eight bits. The character length depends on 
the coding method used. For example, five-bit charac- 
ters are used when transmitting Baudot Code, seven-bit 
characters are required for ASCII data, and eight-bit 
characters are needed for EBCDIC and binary data. To 
transmit messages composed of multiple characters, 
each character is framed and transmitted separately 
(Figure 2). 

This framing method ensures that the receiving system 
can easily synchronize with the start and stop bits of 
each character, preventing receiver synchronization er- 
rors. In addition, this synchronization method makes 
both transmitting and receiving systems insensitive to 
possible time delays between character transmissions. 



VARIABLE DELAY BETWEEN 
CHARACTERS 




CHARACTER CHARACTER CHARACTER CHARACTER 
#1 #2 #3 #4 



CHARACTER 
#5 



Figure 2. l\/luitipie Character Transmission 
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Framing 

Character framing is accomplished by the START and 
STOP bits described previously. When the START bit 
transition (mark-to-space) is detected, the receiving sys- 
tem assumes that a character of data will follow. In 
order to test this assumption (and isolate noise pulses 
on the data link), the receiving system waits one-half bit 
time and samples the data link again. If the link has 
returned to the marking state, noise is assumed, and the 
receiver waits for another START bit transition. 

When a vaHd START bit is detected, the receiver sam- 
ples the data link for each bit of the following charac- 
ter. Character data bits and the parity bit (if required) 
are sampled at their nominal centers until all required 
characters are received. Immediately following the data 
bits, the receiver samples the data link for the STOP 
bit, indicating the end of the character. Most systems 
permit specification of 1, IV2) or 2 stop bits. 



Timing 

The transmitter and receiver in an asynchronous data 
link arrangement are clocked independently. Normally, 
each clock is generated locally and the clocks are not 
synchronized. In fact, each clock may be a slightly dif- 
ferent frequency. (In practice, the frequency difference 
should not exceed a few percent. If the transmitter and 
receiver clock rates vary substantially, errors will occur 
because data bits may be incorrectly identified as 
START or STOP framing bits.) These clocks are de- 
signed to operate at 16, 32, or 64 times the communica- 
tions data rate. These clock speeds allow the receiving 
device to correctly sample the incoming bit stream. 

Serial-interface data rates are measured in bits/second. 
The term "baud" is used to specify the number of times 
per second that the transmitted signal level can change 
states. In general, the baud is not equal to the bit rate. 
Only when the transmitted signal has two states (elec- 
trical levels) is the baud rate equal to the bit rate. Most 
point-to-point serial data links use RS-232-C, RS-422, 
or RS-423 electrical interfaces. These specifications call 
for two electrical signal levels (the baud is equal to the 
bit rate). Modem interfaces, however, may often have 
differing bit and baud rates. 

While there are generally no hmitations on the data 
transmission rates used in an aysnchronous data link, a 
limited set of rates has been standardized to promote 
equipment interconnection. These rates vary from 75 



bits per second to 38,400 bits per second. Table 1 illus- 
trates typical asynchronous data rates and the associat- 
ed clock frequencies required for the transmitter and 
receiver circuits. 



Table 1. Communication Data Rates and 
Associated Transmitter/Receiver Clocit Rates 



Data Rate 
(Bits/Second) 


Clocic Rate (kHz) 


X16 


X32 


X64 


75 


1.2 


2.4 


4.8 


150 


2.4 


4.8 


9.6 


300 


4.8 


9.6 


19.2 


600 


9.6 


19.2 


38.4 


1200 


19.2 


38.4 


76.8 


2400 


38.4 


76.8 


153.6 


4800 


76.8 


153.6 


307.2 


9600 


153.6 


307.2 


614.2 


19200 


307.2 


614.4 




38400 


614.4 







Parity 

In order to detect transmission errors, a parity bit may 
be added to the character data as it is transferred over 
the data link. The parity bit is set or cleared to make 
the total number of "one" bits in the character even 
(even parity) or odd (odd parity). For example, the let- 
ter "A" is represented by the seven-bit ASCII code 
1000001 (41H). The transmitted data code (with parity) 
for this character contains eight bits; 01000001 (41H) 
for even parity and 11000001 (OCIH) for odd parity. 
Note that a single bit error changes the parity of the 
received character and is therefore easily detected. The 
8274 supports both odd and even parity checking as 
well as a parity disable mode to support binary data 
transfers. 



Communication iUlodes 

Serial data transmission between two devices can occur 
in one of three modes. In the simplex transmission 
mode, a data link can transmit data in one direction 
only. In the half-duplex mode, the data link can trans- 
mit data in both directions, but not simultaneously. In 
the full-duplex mode (the most common), the data link 
can transmit data in both directions simultaneously. 
The 8274 directly supports the full-duplex mode and 
will interface to simplex and half-duplex communica- 
tion data links with appropriate software controls. 
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BREAK Condition 

Asynchronous data links often include a special se- 
quence known as a break condition. A break condition 
is initiated when the transmitting device forces the data 
link to a spacing state (binary 0) for an extended length 
of time (typically 150 milliseconds). Many terminals 
contain keys to initiate a break sequence. Under soft- 
ware control, the 8274 can initiate a break sequence 
when transmitting data and detect a break sequence 
when receiving data. 



The 8274-processor hardware interface can be config- 
ured in a flexible manner, depending on the operating 
mode selected — polled, interrupt-driven, DMA, or 
WAIT. Figure 3 illustrates typical MPSC configura- 
tions for use with an 8088 microprocessor in the polled 
and interrupt-driven modes. 

All serial-to-parallel conversion, parallel-to-serial con- 
version, and parity checking required during asynchro- 
nous serial I/O operation is automatically performed 
by the MPSC. 



iUIPSC SYSTEIM INTERFACE 



Operationai Interface 



Hardware Environment 

The 8274 MPSC interfaces to the system processor over 
an 8-bit data bus. Each serial I/O channel responds to 
two I/O or memory addresses as shown in Table 2. In 
addition, the MPSC supports non-vectored and vec- 
tored interrupts. 

The 8274 may be configured for memory-mapped or 
I/O-mapped operation. 



Command, parameter, and status information is stored 
in 21 registers within the MPSC (8 writable registers 
and 2 readable registers for each channel, plus the in- 
terrupt vector register). These registers are all accessed 
by means of the command/status ports for each chan- 
nel. An internal pointer register selects which of the 
command or status registers will be written or read dur- 
ing a command/status access of an MPSC channel. 
Figure 4 diagrams the command/status register archi- 
tecture for each serial channel. In the following discus- 
sion, the writable registers will be referred to as WRO 
through WR7 and the readable registers will be re- 
ferred to as RRO through RR2. 



Table 2. 8274 Addressing 



cs 


Ai 


Ao 


Read Operation 


Write Operation 


0 


0 


0 


Oh. A Data Read 


Oh. A Data Write 


0 


1 


0 


Oh. A Status Read 


Oh. A Command /Parameter 


0 


0 


1 


Oh. B Data Read 


Oh. B Data Write 


0 


1 


1 


Oh. B Status Read 


Oh. B Command/ Parameter 


1 


X 


X 


High Impedance 


High Impedance 
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a) Polled Configuration 




INTA 
IPO 



HIGHEST*PRIORITY 



INT INTA 



IPO 0 C IPI 



INTA 

IPOb- 



lowest'priority 



210311-4 



b) Daisy-Chained interrupt Configuration 



Figure 3. 8274 Hardware interface for Polled and Interrupt-Drlven Environments 



The least-significant three bits of WRO are automatical- 
ly loaded into the pointer register every time WRO is 
written. After reset, WRO is set to zero so that the first 
write to a command register causes the data to be load- 
ed into WRO (thereby setting the pointer register). Af- 
ter WRO is written, the following read or write accesses 
the register selected by the pointer. The pointer is reset 
after the read or write operation is completed. In this 
manner, reading or writing an arbitrary MPSC channel 
register requires two I/O accesses. The first access is 
always a write command. This write command is used 
to set the pointer register. The second access is either a 
read or a write command; the pointer register (previ- 
ously set) will ensure that the correct internal register is 
read or written. After this second access, the pointer 
register is automatically reset. Note that writing WRO 



and reading RRO does not require presetting of the 
pointer register. 

During initialization and normal MPSC operation, var- 
ious registers are read and/or written by the system 
processor. These actions are discussed in detail in the 
following paragraphs. Note that WR6 and WR7 are 
not used in the asynchronous communication modes. 



RESET 



When the 8274 RESET line is activated, both MPSC 
channels enter the idle state. The serial output lines are 
forced to the m arkin g state (high) and the modem in- 
terface signals (RTS, DTR) are forced high. In addi- 
tion, the pointer register is set to zero. 
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COMMAND/STATUS 
POINTER 



D2 D1 DO 
0 0 0- 



0 0 1 . 



0 1 0- 







R R 0 






W R 1 




R R 1 






W R 2 




R R 2* 



MSB 



0 1 1 ■ 



W R 3 



1 0 0- 



W R 4 



Read Registers 



*Ch. B only 



1 0 1 - 



W R 5 



Write Registers 



Figure 4. Command/Status Register Architecture (Each Serial Channel) 

External/Status Latches 



The MPSC continuously monitors the state of four ex- 
ternal/status conditions: 

1. CTS — clear-to-send input pin. 

2. CD — carrier-detect input pin. 

3. SYNDET — sync-detect input pin. This pin may be 
used as a general-purpose input in the asynchronous 
communication mode. 

4. BREAK — a break condition (series of space bits on 
the receiver input pin). 



A change of state in any of these monitored conditions 
will cause the associated status bit in RRO (Appendix 
A) to be latched (and optionally cause an interrupt). 



Error Reporting 

Three error conditions may be encountered during data 
reception in the asynchronous mode: 

1. Parity. If parity bits are computed and transmitted 
with each character and the MPSC is set to check 
parity (bit 0 in WR4 is set), a parity error will occur 
whenever the number of "1" bits within the charac- 
ter (including the parity bit) does not match the odd/ 
even setting of the parity check flag (bit 1 in WR4). 
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2. Framing. A framing error will occur if a stop bit is 
not detected immediately following the parity bit (if 
parity checking is enabled) or immediately following 
the most-significant data bit (if parity checking is not 
enabled). 

3. Overrun. If an input character has been assembled 
but the receiver buffers are full (because the previ- 
ously received characters have not been read by the 
system processor), an overrun error will occur. 
When an overrun error occurs, the input character 
that has just been received will overwrite the imme- 
diately preceding character. 



Transmitter/Receiver Initialization 

In order to operate in the asynchronous mode, each 
MPSC channel must be initialized with the following 
information: 

1. Clock Rate. This parameter is specified by bits 6 and 
7 of WR4. The clock rate may be set to 16, 32, or 64 
times the data-link bit rate. (See Appendix A for 
WR4 details.) 

2. Number of Stop Bits. This parameter is specified by 
bits 2 and 3 of WR4. The number of stop bits may be 
set to 1, iVi, or 2. (See Appendix A for WR4 
details.) 

3. Parity Selection. Parity may be set for odd, even, or 
no parity by bits 0 and 1 of WR4. (See Appendix A 
for WR4 details.) 

4. Receiver Character Length. This parameter sets the 
length of received characters to 5, 6, 7, or 8 bits. This 
parameter is specified by bits 6 and 7 of WR3. (See 
Appendix A for WR3 details.) 

5. Receiver Enable. The serial-channel receiver opera- 
tion may be enabled or disabled by setting or clearing 
bit 0 of WR3. (See Appendix A for WR3 details.) 

6. Transmitter Character Length. This parameter sets 
the length of transmitted characters to 5, 6, 7, or 8 
bits. This parameter is specified by bits 5 and 6 of 
WR5. (See Appendix A for WR5 details.) Characters 
of less than 5 bits in length may be transmitted by 
setting the transmitted length to five bits (set bits 5 
and6ofWR5 to 1). 

The MPSC then determines the actual number of 
bits to be transmitted from the character data byte. 
The bits to be transmitted must be right justified in 
the data byte, the next three bits must be set to 0 and 
all remaining bits must be set to 1. The following 
table illustrates the data formats for transmission of 
1 to 5 bits of data: 



Number of 
Bits Transmitted 
D7 D6 D5 D4 D3 D2 D1 DO (Character Length) 

1 1 1 1 0 0 0 c 1 
1 1 1 0 0 0 c c 2 
1 1 0 0 0 c c c 3 
lOOOcccc 4 
OOOccccc 5, 

7. Transmitter Enable. The serial channel transmitter 
operation may be enabled or disabled by setting or 
clearing bit 3 of WR5. (See Appendix A for WR5 
details.) 

For data transmissions via a modem or RS-232-C inter- 
face, the following information must also be specified: 

1. Request-to-Send/Data-Terminal-Ready. Must be set 
to indicate status of data terminal equipment. Re- 
quest-to-send is controlled by bit 1 of WR5 and data 
terminal ready is controlled by bit 7. (See Appendix 
A for WR5 details.) 

2, Auto Enable. May be set to allow the MPSC to auto- 
matically enable thei channel transmitter when the 
clear-to-send signal is active and to automatically en- 
able the receiver when the carrier-detect signal is ac- 
tive. Auto Enable is controleld by bit 5 of WR3. (See 
Appendix A for WR3 details.) 

During initialization, it is desirable to guarantee that 
the external/status latches reflect the latest interface 
information. Since up to two state changes are internal- 
ly stored by the MPSC, at least two Reset External/ 
Status Interrupt commands must be issued. This proce- 
dure is most easily accomplished by simply issuing this 
reset command whenever the pointer register is set dur- 
ing initialization. 

An MPSC initialization procedure (MPSC$RX$INIT) 
for asynchronous communication is listed in Appendix 
B. Figure 5 illustrates typical MPSC initialization pa- 
rameters for use with this procedure. 



call MPSC$RX$INIT(41, 


1,1,0,1, 3,1,1, 3,1,1,0,1); 


initializes the 8274 at address 41 as follows: 


X16 clock rate 


Enable transmitter 


1 stop bit 


and receiver 


Odd parity 


Auto enable set 


8-bit characters 


DTR and RTS set 


(Tx and Rx) 


Break transmission disabled 



Figure 5. Sample 8274 Initialization Procedure 
for Polled Operation 
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Polled Operation 

In the polled mode, the processor must monitor the 
MPSC status by testing the appropriate bits in the read 
register. Data available, status, and error conditions are 
represented in RRO and RRl for channels A and B. An 
example of MPSC-poUed transmitter/receiver routines 
are given in Appendix B. The following routines are 
detailed: 

1. MPSC$POLL$RCV$CHARACTER— This proce- 
dure receives a character from the serial data link. 
The routine waits until the character-available flag in 
RRO has been set. When this flag indicates that a 
character is available, RRl is checked for errors 
(overrun, parity, or framing). If an error is de- 
tected, the character in the MPSC receive buffer 
must be read and discarded and the error routine 
(RECEIVE$ERROR) is called. If no receive errors 
have been detected, the character is input from the 
8274 data port and returned to the calling program. 

MPSC$POLL$RCV$CHARACTER requires three 
parameters — the address of the 8274 channel data 
port (data$port), the address of the 8274 channel 
command port (cmdSport), and the address of a byte 
variable in which to store the received character 
(characterSptr). 

2. MPSC$POLL$TRAN$CHARACTER--This pro- 
cedure transmits a character to the serial data link. 
The routine waits until the transmitter-buffer-empty 
flag has been set in RRO before writing the character 
to the 8274. 

MPSC$POLL$TRAN$CHARACTER requires 
three parameters — the address of the 8274 channel 
data port (data$port), the address of the 8274 chan- 
nel command port (cmd$port), and the character of 
data that is to be transmitted (character). 

3. RECEIVE$ERROR— This procedure processes re- 
ceiver errors. First, an Error Reset command is writ- 
ten to the affected channel. All additional error pro- 
cessing is dependent on the specific application. For 
example, the receiving device may immediately re- 
quest retransmission of the character or wait until a 
message has been completed. 

RECEIVE$ERROR requires two parameters— the 
address of the affected 8274 command port 
(cmdSport) and the error status (status) from 8274 
register RRl. 



Interrupt-Driven Operation 

In an interrupt-driven environment, all receiver opera- 
tions are reported to the system processor by means of 
interrupts. Once a character has been received and as- 
sembled, the MPSC interrupts the system processor. 
The system processor must then read the character 
from the MPSC data buffer and clear the current inter- 
rupt. During transmission, the system processor starts 



serial I/O by writing the first character of a message to 
the MPSC. The MPSC interrupts the system processor 
whenever the next character is required (i.e., when the 
transmitter buffer is empty) and the processor responds 
by writing the next character of the message to the 
MPSC data port for the appropriate channel. 

By using interrupt-driven I/O, the MPSC proceeds in- 
dependently of the system processor, signalling the 
processor only when characters are required for trans- 
mission, when characters are received from the data 
link, or when errors occur. In this manner, the system 
processor may continue execution of other tasks while 
serial I/O is performed concurrently. 



Interrupt Configurations 

The 8274 is designed to interface to 8085- and 8086- 
type processors in much the same manner as the 8259A 
is designed. When operating in the 8085 mode, the 8274 
causes a "call" to a prespecified, interrupt-service rou- 
tine location. In the 8086 mode, the 8274 presents the 
processor with a one-byte interrupt-type number. This 
interrupt-type number is used to "vector" through the 
8086 interrupt service table. In either case, the inter- 
rupt service address or interrupt-type number is speci- 
fied during MPSC initialization. 

To shorten interrupt latency, the 8274 can be pro- 
grammed to modify the prespecified interrupt vector so 
that no software overhead is required to determine the 
cause of an interrupt. When this "status affects vector" 
mode is enabled, the following eight interrupts are dif- 
ferentiated automatically by the 8274 hardware: 

1 . Channel B Transmitter Buffer Empty. 

2. Channel B External/Status Transition. 

3. Channel B Character Available. 

4. Channel B Receive Error. 

5. Channel A Transmitter Buffer Empty. 

6. Channel A External/Status Transition. 

7. Channel A Character Available. 

8. Channel A Receive Error. 

Interrupt Sources/Priorities 

The 8274 has three interrupt sources for each channel: 

1. Receiver (RxA, RxB). An interrupt is initiated when 
a character is available in the receiver buffer or when 
a receiver error (parity, framing, or overrun) is de- 
tected. 

2. Transmitter (TxA, TxB). An interrupt is initiated 
when the transmitter buffer is empty and the 8274 is 
ready to accept another character for transmission. 
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3. External/Status (ExTA, ExTB). An interrupt is ini- 
tiated when one of the external/status conditions 
(CDE, CTS, SYNDET, BREAK) changes state. 

The 8274 supports two interrupt priority orderings (se- 
lectable during MPSC initialization) as detailed in Ap- 
pendix A, WR2, CH-A. 



Interrupt Initialization 

In addition to the initialization parameters required for 
polled operation, the following parameters must be sup- 
plied to the 8274 to specify interrupt operation: 

1. Transmit Interrupt Enable. Transmitter-bufFer-emp- 
ty interrupts are separately enabled by bit 1 of WRl. 
(See Appendix A for WRl details.) 

2. Receive Interrupt Enable. Receiver interrupts are 
separately enabled in one of three modes: a) interrupt 
on first received character only and on receive errors 
(used for message-oriented transmission systems), b) 
interrupt on all received characters and on receive 
errors, but do not interrupt on parity errors, and c) 
interrupt on all received characters and on receive 
errors (including parity errors). The ability to sepa- 
rately disable parity interrupts can be extremely use- 
ful when transmitting messages. Since the parity er- 
ror bit in RRl is latched, it will not be reset until an 
error reset operation is performed. Therefore, the 
parity error bit will be set if any parity errors were 
detected in a multi-character message. If this mode is 
used, the serial I/O software must poll the parity 
error bit at the completion of a message and issue an 
error reset if appropriate. The receiver interrupt 
mode is controlled by bits 3 and 4 of WRl. (See 
Appendix A for WRl details.) 



3. External/Status Interrupts. External/Status inter- 
rupts can be separately enabled by bit 0 of WRl. (See 
Appendix A for WRl details.) 

4. Interrupt Vector. An eight-bit interrupt-service rou- 
tine location (8085) or interrupt type (8086) is speci- 
fied through WR2 of channel B. (See Appendix A 
for WR2 details.) Table 3 lists interrupt vector ad- 
dresses generated by the 8274 in the "status affects 
vector" mode. 

5. "Status Affects Vector" Mode. The 8274 will auto- 
matically modify the interrupt vector if bit 3 of WRl 
is set. (See Appendix A for WRl details.) 

6. System Configuration. Specifies the 8274 data trans- 
fer mode. Three configuration modes are available: 
a) interrupt-driven operation for both channels, b) 
DMA operation for both channels, and c) DMA op- 
eration for channel A, interrupt-driven operation for 
channel B. The system config^tiration is specified by 
means of bits 0 and 1 of WR2 (channel A). (See 
Appendix A for WR2 details.) 

7. Interrupt Priorities. The 8274 permits software spec- 
ification of receive/transmit priorities by means of 
bit 2 of WR2 (channel A). (See Appendix A for 
WR2 details.) 

8. Interrupt Mode. Specifies whether the MPSC is to 
operate in a non-vectored mode (for use with an ex- 
ternal interrupt controller), in an 8086-vectored 
mode, or in an 8085-vectored mode. This parameter 
is specified through bits 3 and 4 of WR2 (channel 
A). (See Appendix A for WR2 details.) 

An MPSC interrupt initialization procedure 
(MPSC$INT$INIT) is listed in Appendix C. 
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Table 3. MPSC-Generated Interrupt Vectors In "Status Affects Vector" Mode 
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Interrupt Service Routines 

Appendix C lists four interrupt service procedures, a 
buffer transmission procedure, and a buffer reception 
procedure that illustrate the use of the 8274 in inter- 
rupt-driven environments. Use of these procedures as- 
sumes that the 8086/8088 interrupt vector is set to 20H 
and that channel B is used with the "status affects vec- 
tor'* mode enabled. 

1. TRANSMITSBUFFER— This procedure begins se- 
rial transmission of a data buffer. Two parameters 
are required — a pointer to the buffer (bufSptr) and 
the length of the buffer (bufSlength). The procedure 
first sets the global buffer pointer, buffer length, and 
initial index for the transmitter-interrupt service rou- 
tine and initiates transmission by writing the first 
character of the buffer to the 8274. The procedure 
then enters a wait loop until the I/O completion 
status is set by the transmit-interrupt service routine 
(MPSC$TRANSMIT$CHARACTER$INT). 

2. RECEIVESBUFFER— This procedure inputs a line 
(terminated by a Hne feed) from a serial I/O port. 
Two parameters are required— a pointer to the input 
buffer (bufSptr) and a pointer to the buffer length 
variable (buf$length$ptr). The buffer length will be 
set by this procedure when the complete line has 
been input. The procedure first sets the global buffer 
pointer and initial index for the receiver interrupt 
service routine. RECEIVESBUFFER then enters a 
wait loop until the I/O completion status is set by 
the receive interrupt routine (MPSCSRECEIVE- 
$CHARACTER$INT). 



3. MPSC$TRANSMIT$CHARACTER$INT— This 
procedure is executed when the MPSC Tx-buffer- 
empty interrupt is acknowledged. If the current 
transmit buffer index is less than the buffer length, 
the next character in the buffer is written to the 
MPSC data port and the buffer pointer is updated. 
Otherwise, the transmission complete status is post- 
ed. 

4. MPSC$RECEIVE$CHARACTER$INT— This pro- 
cedure is executed when a character has been assem- 
bled by the MPSC and the MPSC has issued a char- 
acter-available interrupt. If no input buffer has been 
set up by RECEIVE$BUFFER, the character is ig- 
nored. If a buffer has been set up, but it is full, a 
receive overrun error is posted. Otherwise, the re- 
ceived character is read from the MPSC data port 
and the buffer index is updated. Finally, if the re- 
ceived character is a line feed, the reception complete 
status is posted. 

5. RECEIVE$ERROR$INT— This procedure is exe- 
cuted when a receive error is detected. First, the er- 
ror conditions are read from RRl and the character 
currently in the MPSC receive buffer is read and dis- 
carded. Next, an Error Reset command is written to 
the affected channel. All additional error processing 
is application dependent. 

6. EXTERNAL$STATUS$CHANGE$INT— This 
procedure is executed when an external status condi- 
tion change is detected. The status conditions are 
read from RRO and a Reset External/Status Inter- 
rupt command is issued. Further error processing is 
application dependent. 
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DATA LINK INTERFACE 
Serial D^ta Interface 

Each serial I/O channel within the 8274 MPSC inter- 
faces to two datja link lines — One line for transmitting 
data and one for receiving data. During transmission, 
characters are converted from parallel data format (as 
supplied by the system processor or DMA device) into 
a serial bit stream (with START and STOP bits) and 
clocked out on the TxD pin. During reception, a serial 
bit stream is input on the RxD pin, framing bits are 
stripped out of the data stream, and the resulting char- 
acter is converted to parallel data format and passed to 
the system processor or DMA device. 



Data Clocking 

As discussed previously, the frequency of data trans- 
mission/reception on the data link is controlled by the 
MPSC clock in conjunction with the programmed 
clock divider (in register WR4). The 8274 is designed to 
permit all four serial interface lines (TxD and RxD for 
each channel) to operate at different data rates. Four 
clock input pins (TxC and RxC for each channel) are 
available for this function. Note that the clock rate di- 
vider spcified in WR4 is used for both RxC and TxC on 
the appropriate channel; clock rate dividers for each 
channel are independent. 

Modem Control 

The following four modem interface signals may be 
connected to the 8274: 

1. Data Terminal Ready (DTR). This interface signal 
(output by the 8274) is software controlled through 
bit 7 of WR5. When active, DTR indicates that the 
data terminal/computer equipment is active and 



ready to interact with the data communications 
channel. In addition, this signal prepares the modem 
for connection to the communication channel and 
maintains connections previously established (e.g., 
manual call origination). 

2. Request To Send (RTS). This interface signal (out- 
put by the 8274) is software controlled through bit 1 
of WR5. When active, RTS indicates that the data 
terminal/computer equipment is ready to transmit 
data. When the RTS bit is reset in asynchronous 
mode, the signal does not go high until the transmit- 
ter is empty. 

3. Clear To Send (CTS). This interface signal (input to 
the 8274) is supplied by the modem in response to an 
active RTS signal. CTS indicates that the data termi- 
nal/computer equipment is permitted to transmit 
data. The state of CTS is available to the program- 
mer as bit 5 of RRO. In addition, if the auto enable 
control is set (bit 5 of WR3), the 8274 will not trans- 
mit data bytes until CTS has been activated. If CTS 
becomes inactive during transmission of a character, 
the current character transmission is completed be- 
fore the transmitter is disabled. 

4. Carrier Detect (CD). This interface signal (input to 
the 8274) is supplied by the modem to indicate that a 
data carrier signal has been detected and that a valid 
data signal is present on the RxD line. The state of 
CD is available to the programmer as bit 3 of RRO. 
In addition, if the auto enable control is set (bit 5 of 
WR3), the 8274 will not enable the serial receiver 
until CD has been activated. If the CD signal be- 
comes inactive during reception of a character, the 
receiver is disabled, and the partially received char- 
acter is lost. 

In addition to the above modem interface signals, the 
8274 SYNDET input pin for channel A may be used as 
a general-purpose input in the asynchronous communi- 
cation mode. The status of this signal is available to the 
programmer as bit 4 of status register RRO. 
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APPENDIX A 

COMMAND/STATUS DETAILS FOR ASYNCHRONOUS 

COMMUNICATION 



Write Register 0 (WRO): 



I — I — I — I — I — I — I — r— 

07 Oe I DS D4 D3 I 02 01 DO 
I l_l III I l_ 



COMMAND/STATUS POINTER 



REGISTER POINTER 



NULL CODE 

NOT USED IN ASYNCHRONOUS MOOES 

RESET EXT/STATUS INTERRUPTS 

CHANNEL RESET 

ENABLE INTERRUPT ON NEXT Rx 

CHARACTER 

RESET TxINT PENDING 

ERROR RESET 

END OF INTERRUPT (Cb. A only) 



NOT USED IN ASYNCHRONOUS MOOES 
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D2,D1,D0 Command/Status Register Pointer bits 
determine which write-register the next 
byte is to be written into, or which read- 
register the next byte is to be read from. 
After reset, the first byte written into ei- 
ther channel goes into WRO. Following a 
read or write to any register (except WRO) 
the pointer will point to WRO. 

D5,D4,D3 Command bits determine which of the ba- 
sic seven commands are to be performed. 

Command 0 Null — has no effect. 

Command 1 Note used in asynchronous modes. 

Command 2 Reset External/Status Interrupts — resets 
the latched status bits of RRO and reena- 
bles them, allowing interrupts to occur 
again. 

Command 3 Channel Reset — resets the Latched Status 
bits of RRO, the interrupt prioritization 



logic and all control registers for the chan- 
nel. Four extra system clock cycles should 
be allowed for MPSC reset time before 
any additional commands or controls are 
written into the channel. 

Command 4 Enable Interrupt on Next Receive Charac- 
ter—if the Interrupt-on-First-Receive 
Character mode is selected, this command 
reactivates that mode after each complete 
message is received to prepare the MPSC 
for the next message. 

Command 5 Reset Transmitter Interrupt Pending — if 
the Transmit Interrupt mode is selected, 
the MPSC automatically interrupts data 
when the transmit buffer becomes empty. 
When there are no more characters to be 
sent, issuing this command prevents fur- 
ther transmitter interrupts until the next 
character has been completely sent. 

Command 6 Error Reset — error latches. Parity and 
Overrun errors in RRl are reset. 

Command 7 End of Interrupt — ^resets the interrupt-in- 
service latch of the highest-priority inter- 
nal device under service. 



Write Register 1 (WR1): 



DO 



Dl 



D2 



External/Status Interrupt Enable — allows 
interrupt to o ccur as th e r esult of tr an- 
sitions on the CD, CTS or SYNDET in- 
puts. Also allows interrupts as the result 
of a Break/Abort detection and termina- 
tion, or at the beginning of CRC, or sync 
character tratnsmission when the Transmit 
Underrun/EOM latch becomes set. 

Transmitter Interrupt/DMA Enable — al- 
lows the MPSC to interrupt or request a 
DMA transfer when the transmitter buffer 
becomes empty. 

Status Affects Vector— (WRl, D2 active 
in channel B only.) If this bit is not set, 
then the fixed vector, programmed in 
WR2, is returned from an interrupt ac- 
knowledge sequence, If the bit is set, then 
the vector returned from an interrupt ac- 
knowledge is variable as shown in the In- 
terrupt Vector Table. 
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Write Register 1 (WR1): 



Write Register 2 (WR2): Channel A 



D7 


0 


D5 


D4 1 D3 


D2 


01 


DO 



D4,D3 
0 0 

0 1 

1 0 

1 1 

D5 



D6 
D7 



EXT INTERRUPT 



TxINTERRUPT/ 



STATUS AFFECTS 



VECTOR (CHB ONLY) 
(NULL CODE CH A) 



RxINT/DMA DISABLE 



RxINT ON FIRST CHAR OR SPECIAL 
CONDITION 

INT ON ALL Rx CHAR (PARITY AFFECTS 
VECTOR) OR SPECIAL CONDITION 

INT ON ALL Rx CHAR (PARITY DOES 
NOT AFFECT VECTOR) OR SPECIAL 
CONDITION 



1 WAIT ON Rx. 0 = WAIT ON Tx 



MUST BE ZERO 



WAIT ENABLE 1 ENABLE, 0 DISABLE 



210311-7 



Receive Interrupt Mode. 

Receive Interrupts/DMA Disabled. 

Receive Interrupt on First Character Only 
or Special Condition. 

Interrupt on All Receive Characters of 
Special Condition (Parity Error is a Spe- 
cial Receive Condition). 

Interrupt on All Receive Characters or 
Special Condition (Parity Error is not a 
Special Receive Condition). 

Wait on Receive/Transmit — when the fol- 
lowing conditions are met, the RDY pin is 
activated, otherwise it is held in the High- 
Z state. (Conditions: Interrupt Enabled 
Mode, Wait Enabled, CS = 0, AO = 0/1, 
and Al = 6). The RDY pin is pulled low 
when the transmitter buffer is full or the 
receiver buffer is empty and it is driven 
High when the transmitter buffer is empty 
or the receiver buffer is full. The RDYa 
and RDYg may be wired or connected 
since only one signal is active at any one 
time while the other is in the High Z state. 

Must be Zero. 

Wait Enable— enables the wait function. 



0,1 






1 






1 


0 


D5 


04 1 D3 


02 


D1 1 DO 



BOTH INTERRUPT 
A DMA. B INT 
BOTH DMA 
ILLEGAL 



1 = PRIORITY RxA >RxB >TxA > 
TxB>EXTA'>EXTB* 



0 = PRIORITY RxA >TxA >RxB > 
s TxB>EXTA*>EXTB* 

0 8085 MODE 1 

1 8085 MODE 2 

0 8086/88 MODE 

1 ILLEGAL 

1 = VECTORED INTERRUPT 



0 = NON VECTORED INTERRUPT 
MUST BE ZERO 



1 PIN 10= SYNDETg 



0 PIN10 = RTSb 

NOTE: 210311-8 
•External Status Interrupt— only if EXT Interrupt Enable 
(WR1;D0) is set. 



D1,D0 System Configuration — These specify the 
data transfer from MPSC channels to the 
CPU, either interrupt or DMA based. 

0 0 Channel A and Channel B both use inter- 

rupts. 

0 1 Channel A uses DMA, Channel B uses in- 

terrupt. 

1 0 Channel A and Channel B both use 

DMA. 

1 1 Illegal Code. 

D2 Priority — this bit specifies the relative pri- 
orities of the internal MPSC interrupt/ 
DMA sources. 

0 (Highest) RxA, TxA, RxA, RxB„ 
TxBExTA, ExTB (Lowest). 

1 (Highest) RxA, RxB, TxA, TxB, ExTA, 
ExTB (Lowest). 
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D5,D4,D3 

0 X X 

1 0 0 

1 0 1 

1 1 0 

D6 
D7 
0 
1 



Interrupt Code— specifies the behavior of 
the MPSC when it receives an interrupt 
acknowledge sequence from the CPU. (See 
Interrupt Vector Mode Table.) 

Non-vectored interrupts — intended for 
use with an external interrupt controller 
such as the 8259A. 

8085 Vector Mode 1 — intended for use as 
the primary MPSC in a daisy-chained pri- 
ority structure. 

8085 Vector Mode 2 — intended for use as 
any secondary MPSC in a daisy-chained 
priority structure. 

8086/88 Vector Mode — intended for use 
as either a primary or secondary in a dai- 
sy-chained priority structure. 

Must be Zero. 

Pin 10 = RTSb- 
Pin 10 = SYNDETb. 



Write Register 3 (WR3): 



Write Register 2 (WR2): Channei B 



LSB 



— 1 1 1 1 1 1 1 

V7 V6 V5 V4 V3 V2 VI VO 

_J I I L_J I l_ 



Interrupt 



Vector 
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D7-D0 Interrupt vector — this register contains 
the value of the interrupt vector placed on 
the data bus during acknowledge se- 
quences. 



D7 ' 06 
















DS 


04 


03 


02 


01 


DO 


1 















I — Rx ENABLE 



- NOT USED IN 
ASYNCHRONOUS 
MODES 



-AUTO ENABLES 



0 0 Rx 5 BITS/CHAR 

0 1 Rx 7 BITS/CHAR 

1 0 Rx 6 BiTS/CHAR 
1 1 Rx 8 BITS/CHAR 



210311-10 



DO Receiver Enable — a one enables the re- 

ceiver to begin. This bit should be set only 
after the receiver has been initialized. 

D5 Auto Enables — a one written to this bit 

causes CD to be an au toma tic enable sig- 
nal for the receiver and CTS to be an auto- 
matic enable signal for the transmitter. A 
zero writ ten to this bit limits the effect of 
CD and CTS signals to setting/resetting 
their corresponding bits in the status regis- 
ter (RRO). 

D7,D6 Receiver Character length. 

0 0 Receive 5 Data bits/character. 

0 1 Receive 7 Data bits/character. 

1 0 Receive 6 Data bits/character. 
1 1 Receive 8 Data bits/character. 



2-359 



inteT 



AP-134 



Write Register 4 (WR4): 



Write Register 5 (WR5): 



07 j D6 


OS 1 04 


03 1 02 


01 


DO 



1 - ENABLE PARITY 



0 DISABLE PARITY 



1 EVEN PARITY 



0 ^ 000 PARITY 



0 0 ENABLE SYNC MOOES 

0 1 1 STOP BIT 

1 0 1.5 STOP BITS 
1 1 2 STOP BITS 

- NOT USED IN ASYNCHRONOUS MODES 
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DO 



Dl 



D3,D2 
0 0 

0 I 

1 0 

1 1 

D7,D6 



0 0 

0 1 

1 0 

1 1 



Parity — a one in this bit causes a parity bit 
to be added to the programmed number of 
data bits per character for both the trans- 
mitted and received character. If the 
MPSC is programmed to receive 8 bits per 
character, the parity bit is not transferred 
to the microprocessor. With other receiver 
character lengths, the parity bit is trans- 
ferred to the microprocessor. 

Even/Odd Parity — if parity is enabled, a 
one in this bit causes the MPSC to trans- 
mit and expect even parity, and zero caus- 
es it to send and expect odd parity. 

Stop Bits. 

Selects synchronous modes. 

Async mode, 1 stop bit/character. 

Async mode, IV2 stop bits/character. 

Async mode, 2 stop bits/character. 

Clock mode — selects the clock/data rate 
multipUer for both the receiver and the 
transmitter. If the Ix mode is selected, bit 
synchronization must be done externally. 

Clock rate = Data rate X 1. 

Clock rate = Data rate X 16. 

Clock rate = Data rate X 32. 

Clock rate = Data rate X 64. 



07 06 05 04 03 02 01 DO 



mOl USED IN 
ASYNCHRONOUS MOOES 



-NOT USED IN 
ASYNCHRONOUS MODES 



--nc ENABLE 
.SEND BREAK 



0 0 5 BITS OR LESS/CHAR 

0 1 Tk 7 BITS/CHAR 

1 0 Tx 6 BITS/CHAR 
1 1 Tx 8 BITS/CHAR 
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Dl Re quest to Send — a one in this bit forces 

the RTS pin ac tive ( low) and zero in this 
bit forces the RTS pin inactive (high). 
When the RTS bit is reset in asynchronous 
mode, the signal does not go inactive until 
the transmitter is empty. 

D3 Transmitter Enable — a zero in this bit 

forces a marking state on the transmitter 
output. If this bit is set to zero during data 
or sync character transmission, the mark- 
ing state is entered after the character has 
been sent. If this bit is set to zero during 
transmission of a CRC character, sync or 
flag bits are substituted for the remainder 
of the CRC bits. 

D4 Send Break — a one in this bit forces the 

transmit data low. A zero in this bit allows 
normal transmitter operation. 

D6,D5 Transmit Character length. 

0 0 Transmit 5 or less bits/character. 

0 1 Transmit 7 bits/character. 

1 0 Transmit 6 bits/character. 
1 1 Transmit 8 bits/character. 

Bits to be sent must be right justified, least-significant 
bit first, e.g.: 

D7 D6 D5 D4 D3 D2 Dl DO 
0 0 B5 B4 B3 B2 Bl BO 
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Read Register 0 (RRO): 



D7 


D6 


D5 


D4 


03 


D2 


01 


DO 



- Rx CHAR AVAILABLE 

- Int PENOING (CHA ONLY) 

- Tx BUFFER EMPTY 
. CARRIER DETECT 

. SYNDET 

. CTS 

. NOT USED IN 
ASYNCHRONOUS MODES 

. BREAK 



EXTERNAL STATUS 
INTERRUPT MODE 
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DO 



Dl 



D2 



D3 



D4 



Receive Character Available — this bit is 
set when the receive FIFO contains data 
and is reset when the FIFO is empty. 

Interrupt Pending — ^This Interrupt-Pend- 
ing bit is reset when an EOl command is 
issued and there is no other interrupt re- 
quest pending at that time. In vector 
mode, this bit is set at the falling edge of 
the second INTA in an INTA cycle for an 
internal interrupt request. In non-vector 
mode, this bit is set at the falling edge of 
RD input after pointer 2 is specified. This 
bit is always zero in Channel B. 

Transmit Buffer Empty — ^This bit is set 
whenever the transmit buffer is empty ex- 
cept when CRC characters are being sent 
in a synchronous mode. This bit is reset 
when the transmit buffer is loaded. This 
bit is set after an MPSC reset. 

Carrier Detect — This bit contains the state 
of the CD pin at the time of the last 
change of any of the External/Status bits 
(CD, CTS, Sync/Hunt, Break/Abort, or 
Tx Underrun/EOM). Any change of state 
of the CD pin causes the CD bit to be 
latched and causes an External/Status in- 
terrupt. This bit indicates current state of 
the CD pin immediately following a Reset 
External/Status Interrupt command. 

SYNDET — In asynchronous modes, the 
operation of this bit is similar to the CD 
stat us bit, exce pt that it shows the state of 
the SYNDET in put. Any High-to-Low 
transition on the SYNDET pin sets this 
bit, and causes an External/Status inter- 
rupt (if enabled). The Reset External/ 



D5 



D7 



Status Interrupt command is issued to 
clear the interrupt. A Low-to-High tran- 
sition clears this bit and sets the External/ 
Status interrupt. When the External/ 
Status interrupt is set by the change in 
state of any other input or condition, this 
bit shows the inverted state of the 
SYNDET pin at time of the change. This 
bit must be read immediately following a 
Reset External/Status Interrupt command 
to read the current state of the SYNDET 
input. 

Clear to Send — th is bi t contains the in- 
verted state of the CTS pin at the time of 
the last change of any of the External/ 
Status bits (CD, CTS, Sync/Hunt, Break/ 
Abort, or Tx Underrun/EOM). Any 
change of state of the CTS pin causes the 
CTS bit to be latched and causes an Exter- 
nal/Status interrupt. This bit indicates the 
inverse of the current state of the CTS pin 
immediately following a Reset External/ 
Status Interrupt command. 

Break — in the Asynchronous Receive 
mode, this bit is set when a Break se- 
quence (null character plus framing error) 
is detected in the data stream. The Exter- 
nal/Status interrupt, if enabled, is set 
when break is detected. The interrupt 
service routine must issue the Reset Exter- 
nal/Status Interrupt command (WRO, 
Command 2) to the break detection logic 
so the Break sequence termination can be 
recognized. 
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Read Register 1 (RR1): 



D7 


D6 


D5 


D4 


D3 j D2 J D1 


OO 



r 



-NOT USED IN ASYNCHRONOUS MODES 



- PARITY ERROR 

-Rx OVERRUN ERROR 

.CRC/FRAMING ERROR 

. NOT USED IN ASYNCHRONOUS MOOES 
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The Break bit is reset when the termination of the D4 
Break sequence is detected in the incoming data stream. 
The termination of the Break sequence also causes the 
External/Status interrupt to be set. The Reset Exter- 
nal/Status Interrupt command must be issued to enable 
the break detection logic to look for the next Break 
sequence. A single, extraneous null character is present 
in the receiver after the termination of a break; it 
should be read and discarded. 

DO All sent — this bit is set when all characters 

have been sent. It is reset when characters 
are in the transmitter. In synchronous 
modes, this bit is always set. 



Parity Error — if parity is enabled, this bit 
is set for received characters whose parity 
does not match the programmed sense 
(Even/Odd). This bit is latched. Once an 
error occurs, it remains set until the Error 
Reset command is written. 

Receive Overrun Error — this bit indicates 
that the receive FIFO has been overloaded 
by the receiver. The last character in the 
FIFO is overwrittenand flagged with this 
error. Once the overwritten character is 
read, this error condition is latched until 



Read Register 2 (RR2): 



MSB 




LSB 




1 1 1 1 
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...1 „ I , I -J 
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Interrupt 




* Variable in 
. Status Affects 






Vector 




Vector Mode (WR1 ; D2) 
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resjet by the Error Reset command. If the 
MPSC is in the "status affects vector'* 
mode, the overrun causes a Special Re- 
ceive Error Vector. 

D6 Framing Error — in async modes, a one in 

this bit indicates a receive framing error. 
It can be reset by issuitig an Error Reset 
command. 

RR2 Channel B 



D7-D0 Interrupt vector — contains the interrupt 
vector programmed into WR2. If the 
"status affects vector" mode is selected, it 
contains the modified vector. (See WR2.) 
RR2 contains the modified vector for the 
highest priority interrupt pending. If no 
interrupts are pending, the variable bits in 
the vector are set to one. May be read 
from Channel B only. 
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APPENDIX B 
MPSC-POLLED TRANSMIT/RECEIVE CHARACTER 

ROUTINES 



MPSC$RX$INIT: procedure 


(cmd$port , 

clock$rate,stop$bits,par ity$type,par ity$ enable, 
rx$ char $ length , rx$ enable , auto$ enable , 
tx$char$length , tx$enable ,dtr ,brk , rts) ; 




declare cmd$port 
clock$rate 
stop$bits 
parity$type 
par ity$enable 
rx$char $length 
rx$enable 
auto$enable 
tx$char$length 
tx$enable 
dtr 
brk 
rts 


byte , 
byte , 
byte, 
byte , 
byte , 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte, 
byte ; 




output (cmd$port) =30H; 


/* channel reset */ 




output (cmd$port) =14H; /* point to WR4 */ 

/* set clock rate, stop bits, and parity information */ 

output (cmd$port) =shl (clock$rate, 6) or shl (stop$bits, 2) or shl (par ity$type, 1) 
or par ity$enable ; 




output (cmd$port) =13H; /* point to WR3 */ 
/* set up receiver parameters */ 

output{cmd$port) =shl (rx$char$length,6) or rx$enable or shl (auto$enable , 5) ? 




output (cmd$port) =15H; /* point to WR5 */ 
/* set up transmitter parameters */ 

output (cmd$port) =shl (tx$char$length, 5) or shl ( tx$enable , 3) or shl(dtr,7) 
or shl(brk,4) or shl(rts,l); 




end MPSC$RX$INIT; 
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MPSC$POLL$RCV$CHARACTKR: procedu r e { da ta$ por t , cmd$ por L , cha r ac te r $ pt r ) b/to ; 

declare dataSport byte, 

cmd$port byte, 

character $ptr pointer, 

character based char acter $ptr byte, 

status byte; 

declare char$avail literally '1', 
rcv$error literally 

/* wait for input character ready */ 

while ( input (cmd$port) and char$avail) <> 0 do; end; 

/* check for errors in received character */ 

output (cmd$port) =1; /* point to RRl */ 

if (status:=input (cmd$port) and rCv$error) 
then do; 

character=input{data$port) ; /* read character to clear MPSC */ 

call RECEIVE$ERROR (cind$port , status) ; /* clear receiver errors */ 
return 0; /* error return - no character avail */ 

end ; 
else do; 

character = input (data$port) ; 

return OFFH; /* good return - character avail */ 

end ; 



end MPSC$POLL$RCV$CHARACTER; 



MPSC$POLL$TRAN$CHARACTER: procedur e ( da ta$ por t , ciiid$ por t , cha r ac ter ) ; 

declare data$port byte, 
cmd$port byte, 
character byte; 

declare tx$buf fer $empty literally ''4'; 

/* wait for transmitter buffer empty */ 

while not ( input (cmd$port) and tx$buf fer $empty) do; end; 

/* output character */ 
output (data$port ) =char acter ; 

end MPSC$POLL$TRAN$CHARACTER; 



RECEIVE$ERROR: procedure (cmd$port , status) ; 

declare cmd$port byte, 
status byte; 

output (crad$port) =30H ; /* error reset */ 

/* *** other application dependent 

error processing should be placed here *** */ 

end RECEIVE$ERROR; 
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TRANSMIT$BUFFER: procedure ( buf$ptr , buf$leng th) 

declare 

buf$ptr pointer, 
buf,$ length byte; 

/* set up transmit buffer pointer and buffer length in global variables for 

interrupt service */ 
tx$buf fer $ptr =buf $ptr ; 
transmit$length=buf$ length ; 

transmit$status=not$coinplete; /* setup status for not complete */ 

output (data$port) =transmit$buf fer (0) ; /* transmit first character */ 

transmit$index=l; /* first character transmitted */ 

/* wait until transmission complete or error detected */ 
while transmit$status = notScomplete do; end; 
if tr ansmit$status <> complete 

then return false; 

else return true; 

end TRANSMIT$BUFFER; 



REC EI VE$ BUFFER: procedure ( buf $pt r , buf $ leng th$ptr ) ; 

declare 

buf$ptr pointer, 

buf $leng th$ptr pointer, 

buf$length based buf $leng th$ptr byte; 

/* set up receive buffer pointer in global variable for interrupt service */ 
rx$buf fer $ptr=buf $ptr ; 
receive$ index=0; 

receive$status=not$complete; /* set status to not complete */ 

/* wait until buffer received */ 

while receive$status = not$complete do; end; 

buf $length=r eceive$ length ; 

if receive$status = complete 

then return true; 

else return false; 

end RECEIVE$BUFFER; 
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APPENDIX C 

INTERRUPT-DRIVEN TRANSMIT/RECEIVE SOFTWARE 



declare 








/* global variables 


for buffer manipulation */ 


rx$buf fer $ptr 


pointer , 




/* pointer to receive buffer */ 


receive$buf fer based 


rx$buffer$ptr (128) 


byte. 


receive$status 


byte initial (0) , 


/* indicates receive buffer status */ 


receive$index 


byte, 




/* current index into receive buffer */ 


receive$ length 


byte , 




/* length of final receive buffer */ 


tx$buf fer$ptr 


pointer , 


/* pointer to transmit buffer */ 


transmit$buf fer based tx$buf fer$ptr ( 128) 


byte, 


transmit$status 


byte initial (0) , 


/* indicates transmit buffer status */ 


transmit$index 


byte , 




/* current index into transmit buffer */ 


transmit$length 


byte , 




/* length of buffer to be transmitted */ 


cmd$port 


literally 






data$port 


literally 


'41H^ 




a$cmd$port 


literally 


'42H', 




b$cmd$port 


literally 


'43H\ 




line$feed 


literally 


"OAH' , 




not$complete 


literally 






complete 


literally 


'OFFH' , 




overrun 


literally 


'l"r 




channel$reset 


literally 


'18H\ 




error $reset 


literally 


'30H', 




reset$ext$status 


literally 


'lOH'; 
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MPSC$INT$INIT: procedure (clock$ rate , stop$bits , par itY$ type , par ity$enable , 
rx$char$length, rx$ enable ,auto$ enable , 
tx$char$length, tx$enable,dtr ,brk ,rts, 
ext$en , tx$en, rx$en , s tat $af fee ts$ vector , 
conf ig, priority, vector $ in t$mode, int$ vector) ; 

declare 



clock$rate 


byte, 


/* 


2-bit 


code for clock rate divisor */ 


stop$bits 


byte , 


/* 


2-bit 


code for number of stop bits */ 


par ity$type 


byte , 


/* 


1-bit 


parity type */ 


par ity$enable 


byte , 


/* 


1-bit 


parity enable */ 


rx$char $length 


byte, 


/* 


2-bit 


receive character length */ 


rx$enable 


byte, 


/* 


1-bit 


receiver enable */ 


auto$enable 


byte. 


/* 


1-bit 


auto enable flag */ 


tx$char $length 


byte. 


/* 


2-bit 


transmit character length */ 


tx$enable 


byte , 


/* 


1-bit 


transmitter enable */ 


dtr 


byte. 


/* 


1-bit 


status of DTR pin */ 


brk 


byte. 


/* 


1-bit 


data link break enable */ 


rts 


byte. 


/* 


1-bit 


status of RTS pin */ 


ext$en 


byte. 


/* 


1-bit 


external/status enable */ 


tx$en 


byte. 


/* 


1-bit 


Tx interrupt enable */ 


rx$en 


byte. 


/* 


2-bit 


Rx interrupt enable/mode */ 


stat$af f $vector 


byte , 


/* 


1-bit 


status affects vector flag */ 


conf ig 


byte , 


/* 


2-bit 


system config - int/DMA */ 


pr ior ity 


byte. 


/* 


1-bit 


priority flag */ 


vector$int$mode 


byte , 


/* 


3-bit 


interrupt mode code */ 


int$vector 


byte ; 


/* 


8-bit 


interrupt type code */ 



output (b$cmd$port) =channel$reset ; /* channel reset */ 

output (b$cmd$port) =14H; /* point to WR4 */ 

/* set clock rate, stop bits, and parity information */ 

output (b$cmd$port) =shl (clock$rate, 6) or shl (stop$bits, 2) or shl (par ity$ type, 1) 
or par ity$enable ; 

output (b$cmd$port) =13H; /* point to WR3 */ 

/* set up receiver parameters */ 

output (b$cmd$port) =shl (rx$char$length, 6) or rx$enable or shl (auto$enable , 5) ; 

output (b$cmd$port) =15H; /* point to WR5 */ 

/* set up transmitter parameters */ 

output (b$cmd$port) =shl (tx$char$lenqth, 5) or shl (tx$enable, 3) or shl(dtr,7) 
or shl(brk,4) or shl(rts,l); 

output (b$cmd$port) =12H; /* point to WR2 */ 

/* set up interrupt vector */ 
output (b$cmd$port) =int$vector ; 

output {a$cmd$port) =12H; /* point to WR2, channel A */ 

/* set up interrupt modes */ 

output (a$cmd$port) =shl (vector$int$mode , 3) or shl (pr ior ity , 2) or config; 

output (b$cmd$port) =11H ; /* point to WRl */ 

/* set up interrupt enables */ 

output(b$cmd$port)=shl(rx$en,3) or shl (stat$af f $vector , 2) or shl(tx$en,l) 
or ext$en; 

end MPSC$INT$INIT; 
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MPSC$RECEIVE$CHARA.CTER$INT: procedure interrupt 22H? 

/* ignore input if no open buffer */ 

if receive$status <> not$complete then return; 

/* check for receive buffer overrun */ 
if receives index = 128 

then receive$status=overrun; 

else do; 

/* read character from MPSC and place in buffer - note that the 
parity of the character must be masked off during this step if 
the character is less than 8 bits (e.g., ASCII) */ 

receive$buf fer (receiv6$index) ,character=input (data$port) and 7FH; 

receive$index=receive$index+l; /* update receive buffer index */ 

/* check for line feed to end line */ 
if character = line$feed 

then do; receive$length=receive$ index ; r eceive$status=complete ; end; 

end ; 

end MPSC$RECEIVE$CHARACTER$INT; 



MPSC$TRANSMIT$CHARACTER$INT: procedure interrupt 20H; 

/* check for more characters to transfer */ 
if transmit$index < transmit$leng th 
then do; 

/* write next character from buffer to MPSC */ 
output (data$port) =transmit$buf fer ( transmits index) ; 

transmit$index=transmit$index+l; /* update transmit buffer index */ 

end ; 

else transmit$status=complete ; 
end MPSC$TRANSMIT$CHARACTER$INT; 



RECEIVE$ERROR$INT: procedure interrupt 23H; 
declare 

temp byte; /* temporary character storage */ 

output (cmd$port) =1; /* point to RRl */ 
receive$status=input (cmd$port) ; 

temp=input (data$port) ; /* discard character */ 

output (cmd$port) =error$reset ; /* send error reset */ 

/* *** other application dependent 

error processing should be placed here *** */ 

end RECEIVE$ERROR$INT; 



EXTERNAL$STATUS$CHANGE$INT: procedure interrupt 21H; 

transmit$status=input (crad$port) /* input status change information */ 

output (cmd$ port) =reset$ext$status ; 

/* *** other application dependent 

error processing should be placed here *** */ 

end EXTERNAL$STATUS$CHANGE$INT; 
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APPENDIX D 
APPLICATION EXAMPLE USING SDK-86 



This application example shows the 8274 in a simple 
iAPX-86/88 system. The 8274 controls two separate 
asynchronous channels using its internal interrupt con- 
troller to request all data transfers. The 8274 driver 
software is described which transmits and receives data 
buffers provided by the CPU. Also, status registers are 
maintained in system memory to allow the CPU to 
monitor progress of the buffers and error conditions. 



THE HARDWARE INTERFACE 

Nothing could be easier than the hardware design of an 
interrupt-driven 8274 system. Simply connect the data 
bus lines, a few bus control lines, supply a timing clock 
for baud rate and, voila, it's done! For this example, the 
ubiquitous SDK-86 is used as the host CPU system. 
The 8274 interface is constructed on the wire-wrap area 
provided. While discussing the hardware interface, 
please refer to Diagram 1. 

Placing the 8274 on the lower 8 bits of the 8086 data 
bus allows byte-wide data transfers at even I/O ad- 
dresses. For simplicity, the 8274*s CS input is generated 
by combining the M/IO select hne with address line A7 
via a 7432. This places the 8274 address range in multi- 
ple spots within the 8086 I/O address space. (While 
fine for this example, a more complete address decod- 
ing is recommended for actual prototype systems.) The 
8086*s Al and A2 address lines are connected to the AO 
and Al 8274 register select inputs respectively. Al- 
though other port assignments are possible because of 
the overlapping address spaces, the following I/O port 
assignments are used in this example: 



Port Function 

Data channel A 
Command/status A 

Data channel B 
Command/status B 



I/O Address 

OOOOH 
0002H 
0004H 
0006H 



To connect the 8274*s interrupt controller into the sys- 
tem an inverter and pull-up resistor are needed to con- 
vert the 8274's active-low, interrupt-request output, 
INT, into the correct polarity for the 8086's INTR in- 
terrupt input. The 8274 recognizes interru pt-acknowl- 
edge bus cycles by connecting the INTA (INTemipt 
Acknowledge) lines of the 8274 and 8086 together. 



The 8274 ReaD and WRite lines directly connect to the 
respective 8086 lines. The RESET line requires an in- 
verter The system clock for the 8274 is provided by the 
PCLK (peripheral clock) output of the 8284A clock 
generator. 

On the 8274's serial side, traditional 1488 and 1489 RS- 
232 drivers and receivers are used for the serial inter- 
face. The onboard baud rate generator supplies the 
channel baud rate timing. In this example, both sides of 
both channels operate at the same baud rate although 
this certainly is not a requirement. (On the SDK-86, 
the baud rate selection is hard-wired thru jumpers. A 
more flexible approach would be to incorporate an 
8253 Programmable Interval Timer to allow software- 
configurable baud rate selection.) 

That's all there is to it. This hardware interface is com- 
pletely general-purpose and supports all of the 8274 
features except the DMA data transfer mode which re- 
quires an external DMA controller. Now let's look at 
the software interface. 



SOFTWARE INTERFACE 

In this example, it is assumed that the 8086 has better 
things to do rather than continuously run a serial chan- 
nel. Presenting the software as a group of callable pro- 
cedures lets th6 designer include them in the main body 
of another program. The interrupt-driven data transfers 
give the effect that the serial channels are handled in 
the background while the main program is executing in 
the foreground. There are five basic procedures: a serial 
channel initialization routine and buffer handling rou- 
tines for the transmit and receive data buffers of each 
channel. Appendix D-1 shows the entire software list- 
ing. Listing line numbers are referenced as each major 
routing is discussed. 

The channel initialization routine (INITIAL 8274), 
starting with Une #203, simply sets each channel into a 
particular operating mode by loading the command 
registers of the 8274. In normal operation, once these 
registers are loaded, they are rarely changed. (Although 
this example assumes a simple asynchronous operating 
inode, the concept is easily extended for the byte- and 
bit-synchronous modes.) 
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(For detailed description on SDK-86, refer to SDK-86 MCS-86 System Design Kit Assembly Manual.) 
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Figure D-1. 8274/SDK-86 Hardware Interface 



The channel operating modes are contained in two ta- 
bles starting with Une # 163. As the 8274 has only one 
command register per channel, the remaining seven 
registers are loaded indirectly through the WRO (Write 
Register 0) register. The first byte of each table entry is 
the register pointer value which is loaded into WRO 
and the second byte is the value for that particular reg- 
ister. 

The indicated modes set the 8274 for asynchronous op- 
eration with data characters 8 bits long, no parity, and 
2 stop bits. An X16 baud rate clock is assumed. Also 
selected is the "interrupt on all RX character" mode 
with a variable interrupt vector compatible with the 
8086/8088. The transmitters are enabled and all model 
control Hnes are put in their active state. 



In addition to initializing the 8274, this routine also sets 
up the appropriate interrupt vectors. The 8086 assumes 
the first IK bytes of memory contain up to 256 separate 
interrupt vectors. On the SDK-86 the initial 2K bytes 
of memory is RAM and therefore must be initialized 
with the appropriate vectors. (In a prototype system, 
this initial memory is probably ROM, thus the vector 
set-up is not needed.) The 8274 supplies up to eight 
different interrupt vectors. These vectors are developed 
from internal conditions such as data requests, status 
changes, or error conditions for each channel. The ini- 
tialization routine arbitrarily assumes that the initial 
8274 vector corresponds to 8086 vector location 80H 
(memory location 200H). This choice is arbitrary since 
the 8274 initial vector location is programmable. 
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Finally, the initialization routine sets up the status and 
flag in RAM. The meaning and use of these locations 
are discussed later. 

Following the initiahzation routine are those for the 
transmit commands (starting With line #268). These 
commands assume that the host CPU has initialized the 
publicly declared variables for the transmit buffer 
pointer, TX__POINTER__CHx, and the buffer length, 
TX LENGTH CHx. The transmit command rou- 
tines simply clear the transmitter empty flag, TX EMP- 
TY CHx, and load the first character of the buffer into 
the transmitter. It is necessary to load the first charac- 
ter in this manner since transmitter interrupts are gen- 
erated only when the 8274*s transmit data buffer be- 
comes empty. It is the act of becoriiing empty which 
generates the interrupt not simply the buffer being emp- 
ty, thus the transmitter needs one character to start. 

The host CPU can monitor the transmitter empty flag, 

TX EMPTY CHx, in order to determine when 

transmission of the buffer is complete. Obviously, the 
CPU should only call the command routine after first 
checking that the empty flag is set. 

After returning to the main program, all transmitter 
data transfers are handled via the transmitter-interrupt 
service routines starting at lines #360 and #443. These 
routines start by issuing an End-Of-Interrupt command 
to the 8274. (This command resets the internal-inter- 
rupt controller logic of the 8274 for this particular vec- 
tor and opens the logic for other internal interrupt re- 
quests. The routines next check the length count. If the 
buffer is completely transmitted, the transmitter empty 

flag, TX EMPTY CHx, is set and a command is 

issued to the 8274 to reset its interrupt line. Assuming 
that the buffer is not completely transmitted, the next 
character is output to the transmitter. In either case, an 
interrupt return is executed to return to the main CPU 
program. 

The receiver commands start at line #314. Like the 
transmit commands, it is assumed that the CPU has 
initi^Kzed the ' receive-buffer-pointer public variable, 
RX__POINTEK_CHx. This variable points to th^ 
first location in an empty receive buffer. The command 

routines clear the receiver ready flag, RX_.READY 

CHx, and then set the receiver enable bit in the 8274 
WR3 register. With the receiver now enabled, any re- 
ceived characters are placed in the receive buffer using 
interrupt-driven data transfers. 



The received data service routines, starting at lines 
#402 and #485, simply place the received character in 
the buffer after first issuing the EOI command. The 
character is then compared to an ASCII CR. An AS- 
CII CR causes the routine to set the receiver ready flag, 
RX__READY_CHx, and to disable the receiver. The 
CPU can interrogate this flag to determine when the 
buffer contains a new line of data. The receive buffer 
pointer, RX_POINTER_CHx, points to the last re- 
ceived character and the receive counter, RX COUN- 

TER__CHx, contains the length. 

That completes our discussion of the command rou- 
tines and their associated interrupt service routines. Al- 
though not used by the commands, two additional serv- 
ice routines are included for completeness. These rou- 
tines handle the error and status-change interrupt vec- 
tors. 

The error service routines, starting at lines #427 and 
#510, are vectored to if a special receive condition is 
detected by the 8274. These special receive conditions 
include parity, receiver overrun, and framing errors. 
When this vector is generated, the error condition is 
indicated in RRl (Read Register 1). The error service 
routine issues an EOI command, reads RRl and places 
it in the ERROIL_MSG_CHx variable, and then is- 
sues a reset error command to the 8274. The CPU can 
monitor the error message location to detect error con- 
ditions. The designer, of course, can supply his own 
error service routine. 

Similarly, the status-change routines (starting lines 
#386 and #469) are initiated by a change in the mo- 
dem-control status lines CTS/, CD/, or SYNDET/. 
(Note that WR2 bit 0 controls whether the 8274 gener- 
ates interrupts based upon changes in these lines. Our 
WR2 parameter is such that the 8274 is programmed to 
ignore changes for these inputs.) The service routines 

simply read RRO, place its contents in the STATUS 

MSG_CHx variable and then issue a reset external 
status command. Read Register 0 contains the state of 
the modem inputs at the point of the last change. 

Well, that's it. This application example has presented 
useful, albeit very simple, routines showing how the 
8274 might be used to transmit and receive buffers us- 
ing an asynchronous serial format. Extensions for byte- 
or bit-synchronous formats would require no hardware 
changes due to the highly progrartimable nature of the 
8274's serial formats. 
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8274 APPLICATION BRIEF PROGRAM 



ISI5-II HCS-86 MflCRO ASSEMBLER V2 1 flSSEMBLV OF NOWJLE flSVNCB 
06.IECT HOOULE PLACED IN Fi flSVNCB OB.I 
ASSEMBLER INVOKED BV flSHBb Fl ftSVNCB SRC 



1 
2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
12 
13 
14 
15 
16 
17 
18 
19 
28 
21 
22 
23 
24 
25 
26 
27 
28 
29 



8274 fmiCflllON BRIEF PROGRffl 



THE 8274 IS IMITIflLIZED FOR SIMPLE flSVNCHRONOUS SERIAL 
FORMAT AM) VECTORED INTERRUPT-DRIVEN DATA TRANSFERS 
THE INITIALIZATION ROUTIfC ALSO LOADS THE 8886'S INTERRUPT 
VECTOR TABLE FROM T« CODE SEGMENT INTO LOH RAM ON THE 
SDK-96 THE TRANSMITTER AND RECEIVER ARE LEFT ENABLED 

FOR TRANSMIT, THE CPU PASSES IN MEMORY THE POINTER OF A 
BUFFER TO TRANSMIT AND THE BYTE LENGTH OF THE BUFFER 
THE DATA TRANSFER PROCEED USING INTERRUPT-DRIVEN TRANSFERS 
A STATUS BIT IN HEMORV IS SET HHEN IF BUFFERS IS EMPTY 

FOR RECEIVE, THE CPU PASSES THE POINTER OF A BUFFER TO FILL 
THE BUFFER IS FILLED UNTIL A CR.CHR' CHARACTER IS RECEIVED 
A STATUS BIT IS SET AND T« CPU HAY READ THE RX POINTER TO 
DETERHI* THE LOCATION OF THE LAST CHARACTER 

ALL ROUTINES ARE ASSUMED TO EXIST IN THE SAME CODE SEGMENT 
CALL'S TO THE SERVICE ROUTINER ARE ASSUMED TO BE "SHORT" OR 
INTRASEGMENT (ONLY THE RETURN ADDRESS IP IS ON THE STACK) 
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nCS-86 NRCRO flSSENBLER RSVNCB 

LOC Oej LINE SOURCE 
31 

32 NRHE ftSVNCB ,HOOULE NflHE 
33 

34 , PUBLIC OECLflRftTIONS FOR COMMflND ROIJTINES 
35 

36 PUBLIC INITIflL.8274 < INITIflLIZftTION ROUTINE 

37 PUBLIC TX-C0HHflND_CH8 . TX BUFFER COMMflND CHflNNEL B 

38 PUBLIC TX.COmmD.CHA . TX BUFFER COHHflND CHANNEL A 

39 PUBLIC RX.CONmND.CHB .RX BUFFER COHHRND CHANNEL 6 
48 PUBLIC RX.COmflND.CHB ,RX BUFFER mm CHANNEL A 
41 

42 ; PUBLIC OEaARATIONS FOR STATUS VARIABLES 
43 

44 PUBLIC RX-READV-CHB ,RX READV FLAG CHB 

45 PUBLIC RX.READV_CHA ,RX READV FLAG CHA 

46 PUBLIC TX-EI1PTV_CHB , TX EMPTY FLAG CHB 

47 PUBLIC TX„EMPTV.CHA ,TX EMPTV FLAG CHA 

48 PUBLIC RX_COUNT.CHB ,RX BUFFER COUNTER CH6 

49 PUBLIC RX.COUNT.CHA ,RX BUFFER COUNTER CHA 
58 PUBLIC ERR0R-f1SG_CHB , ERROR FLAG CHB 

51 PUBLIC EPROR.MSG.CHA .ERROR FLAG CHA 

52 PUBLIC STATUS-MS6.CHB -STATUS FLAG CHB 

53 PUBLIC STATUS-HSG-CHfl -STATUS FLAG CHA 
54 

55 , PUBLIC DECLARATIONS FOR VARIABLES PASSEC* l6 THE TRANSMIT 

56 .AND RECEIVE COMMANDS 
57 

58 PUBLIC TX_POINTER.Ct€ • TX BUFFER POINTER FOR CHB 

59 PUBLIC TX_LENGTH_CHB ,TX LENGTH OF BUFFER FOR CHB 
68 PUBLIC TX_POINTER_CHA , TX BUFFER POINTER FOR CHA 

61 PUBLIC TXJ.ENGTH_CHA ■ TX LENGTH OF BUFFER FOR CHA 

62 PUBLIC RX_POINTER.CHB .RX BUFFER POINTER FiDR CHB 

63 PUBLIC RX-POINTER.CHA .RX BUFFER POINTER FOR CHA 
64 

65 , I/O PORT ASSIGNMENTS 
66 

67 /CHANNEL A PORT ASSIGNMENTS 
68 

8808 69 DATA.PORT.CHA EQU 8 .DATA l/V Pi3PT 

8882 78 COMMANO_PORT.CHA m 2 .COMMAND PORT 

8882 71 STATUS_PORT_CHA EQU COMMAND.POPT.CHA .STATUS PORT 

72 

73 . CHANNEL B PORT ASSIGNMENTS 
74 

8884 75 DATA_PORT_CHB EQU 4 .DATA I,'0 PORT 

8886 76 COMHAND.PORT-CHB EGHJ 6 .DDMMAND PORT 

8086 77 STATUS_PORT.CHB EQU COMHAND.PiDRT.CHB . STATUS PORT 

78 

79 .MISC SYSTEM EQUATES 
88 

8880 81 CR.CHR EQU 0DH .ASCII CP CHARACTER DM 

8288 82 INT.TA6L£_BASE EQU 2e8H . INT VECTiDR BASE ADDRESS 

8508 83 CODE.START EQU 580H -START UDCAT ION FW Cil€ 



87 .RAM ASSSIGNMENTS FOR DATA SEGMENT 
88 

89 ['ATA SEGMENT 

^ 210311-25 
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HCS-86 MflCRO ASSEMBLER flSVNCB 



LOC «J 


LINE 


SOURCE 










•VECTOR INTERRUPT TftBLE - ASSUME INITIAL 8274 INTERRUPT 




92 


• VECTiDR IS NUMBER 88 (8206H.' 


FOR EACH VECrOR^ THE TABLE 




q-^ 


• CONTAINS START LOCATION ANC^ im SEQf^ENT REGISTLF VALUE 




94 

95 


.THE TABLE IS Lm>El> FROM PPOM 






96 
97 


iDPG 


INTJ ABLE-BASE 




0296 0688 


98 


TX_VECTOR'.CHB 


DM 0 


. !>: INTERRUPT VECTOR' FCiR CHB 






TX.CS_CH6 


DU 0 






IW 








0294 6669 


181 


STS-VECT0R_CH6 


DM 0 


• STATUS INTERPI.IPT 'vCCTOP FOF' iHB 






STS.CS-CHB 


DM 0 






18*^ 








6298 8666 


164 


RX-VECTOR.CHB 


DM 0 


.R:< INTERRUPT VECTOR FOP CHB 




105 


RX_CS_CH6 


DM a 
















197 


ERR.VECTOP.CHB 


DM 0 


• ERRiP INTERRUPT 'VECTOR FOR CHB 




198 


ERR.CS-CHB 


DM 0 






189 








(191 R MOO 


118 


TX_VECTOR.CHR 


DM 0 


• TX INTERRLPT VECTOP Fi3R CHA 


9212 8666 




TX_CS.CHA 


DM e 






112 








9214 8669 


112 


STS-VECTOR.CHA 


DM 9 


• STATUS INTERRI.pt VECTOR FOR CHA 


9216 8886 


114 


STS_CS_CHA 


DM 0 






115 








6218 6686 


116 


RX.VECTOR..CHfl 


DM 0 


• RX INTERPI.PT VECTOR FOP CHA 


621R 6668 


117 


RX-CS.CHA 


DM 0 






118 










119 


ERR-VECTOR_CHA 


DM 0 


•ERROR INTERRUPT VECTOR FOR CHA 


821E 9966 


126 


ERR_CS.CHA 


DM 8 






121 










122 


,mSC m LOCATIONS FOP CHANNEL STATUS ANt' POINTERS 




123 










124 


•CHANNEL B POINTERS AND STATUS 






125 








8226 8866 


126 


TX-POINTER.CHB 


DM 6 


• TX BUFFER POINTER FOR CHB 


9222 8889 


127 


TX.LENGTH.CHB 


DM 9 


• rx BUFFER LENGTH FiDR CHB 


8224 9866 


128 


RX-POINTER-CHB 


DM 0 


,PX BUFFER POINTER FiDP CHB 


8226 8866 


129 


RX_COUNT.CHB 


DM 6 


• PX LENGTH COI.INTER ¥QP CHB 


8228 86 


136 


TX-EMPTV_CHB 


DB 0 


> TX DONE FLAG 


6229 66 


131 


PX_REA[)V.CHB 


[)B 0 


.RE«)V FLAG a IF CR.CHP RECEIVED- ELSE 


822R 88 


132 


STATUS-MSCCHB 


DB 9 


• STATUS C-HANGE MESSAGE 


6226 99 


133 


ERROR-MSG-CHB 


DB a 


• ERROR STATUS LOCATION '8 IF NO EPPOF'^ 




134 










135 


• CHANNEL A POINTERS AND STATUS 






136 








822C 8886 


137 


TX.POINTER_CHfl 


DM 0 


. rx 0.IFFEP POINTER FOP CHA 


922E 9666 


138 


TX_LENGTH.CHA 


DM 0 


• T>: BUFFER LENGTH FOP CHA 


62J6 6666 


139 


RX.POINTEP.CHA 


DM 0 


• PX BUFFER POINTER Fi3P CHA 


8232 6866 


146 


PX_COI.INT_CHA 


DM 0 


, PX LEf«TH CiXNTER FOR iHA 


6234 08 


141 


TX_EMPTV.CHA 


DB 9 


• TX C-ONE FLAG 


6235 68 


142 


RX_REAC'V_CHfl 


DB 0 


• PEADV FLAG <! IF CR_CHP PECEI'v-ED. ELSE 


9236 89 


143 


STATUS.«SG_CHA 


DB 0 


• STATUS CHANGE f€SSAi}E 


9237 96 


144 


EPR0R_l1SG_CHfl 


DB 0 


■ ERF'OR STATUS LOCATION '0 IF HO ERPOP- 




145 










146 


DATA 


ENDS 






147 










148 +1 


lEJECT 
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flSVNCB 




UX OBJ 


LINE 


SOURCE 




14? 






158 






151 


RSSIIME CS FI6C' C'S DfiTA- 5S ['RTA 


8588 


152 


ORG CiX£-STflRT 




153 






154 






155 






156 


.* PflPAMFTPP<; PHP PMAMNPI TMTTIAl TTOTTriM * 




157 






158 






159 






168 


• CHRNNEL 6 FflRRIIETERS 




161 






162 


■ UPl - 1MTPPRIIPT fW At 1 CV PMR. UAC'IRRI P TMT UPi'TDP TV IMT PNOPJ P 


6580 61 


162 


^^IH/^llw Vv X' Ivfi 


8561 16 








164 


.up;* - IMTPPPIIPT VPrTft' 


8582 82 


165 


nn 9 ( INT TARI P PA'^P '<! • 


8583 88 








166 


.HR3 - PX 8 BITS/W. RX DISflBLE 


8584 63 


167 


DB 3.8C8H 


8585 C8 








168 




8586 64 


169 


DB 4/4CH 


8587 4C 








178 


.UPS - flTP flTTlUP TV i' RITC 'PHP TV fMOCI P PTC ft'TILC 


8588 85 


171 


I'D -J; TCTin 


8589 EA 








172 


.UP<% ANTt UP7 NOT PFCiltlPPri PDP OCfJUT 


858R 88 


173 


DB 6/8 




174 






175 


• vnnnncL n rnrnricifcRi> 




176 






177 


. URl - INTPPRIIPT CtH fi\ PV THP. TV TNT PfMPI P 


858C 61 


178 


Q1DSTRR DB L 12H 


858D 12 








179 


fHR2 - VECTORED INTERRUPT FOR 8886 


858E 82 


188 


DB 2'38H 


858F 38 








181 




^18 83 


182 


DB 3>8C8H 


8511 C8 








183 


.uPit - jfi^ fifiry ? cTfiP RiTc; mti pupitv 


8512 64 


184 


DB 4.4CH 


8513 4C 








185 


,HR5 - DTR ACTIVE. TX 8 6ITS/CHR. TX ENflBLE. PTS KVi'-^ 


8514 85 


186 


DB 5,8EflH, 


8515 Eft 








187 


.HR6 m HP7 NOT REQUIRED FOR flSVNC 


8516 68 


188 


DB 8,8 


8517 88 








189 






198 +1 


»E.TECT 
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Mrc-AK NArcn occrMoi ro 


nSVNCB 










LOC OB' 


LINE 


SCiiJPCE 










191 












1^2 


.ST8RT OF C0m8ND R0UTINE5 


















194 








195 












196 


, * 


INITIflLlZftTION COMmW' FOP TfC ?:74 - THE i;2'4 t 






197 




IS SETUP ftCCORMNG TO THE PrtPRMETEPS STOPED IN ♦ 






198 


,* 


PROM 8B0VE STARTING ftT CMSTPf FiDR CHANNEL B fHl ♦ 






199 
200 




CMSTP8 FOP CHANNEL 8 ♦ 






201 


, ♦*****♦**♦♦*♦♦♦**♦♦♦*♦♦♦♦**♦♦*♦♦*♦*♦**♦♦***♦*♦*♦********♦> ♦ *♦* ♦ f 






202 










8518 


203 


INITI8L-8274 








204 




• COPY INTERRUPT VECTOR IP ANt- CS vaUES FPiDM ppi^l TO PAM 






205 




MOV 


TX_VECT0R.CH6. OFFSET XMTIf« MTR VECTfip fHB 




851E 8C6E8282 


206 




MOV 


TX_CS_CHB, CS 




0522 C78604623586 


207 




MOV 


STS-VECTOR_CHB. OFFSET STfllNB -STATliS VECTCiF' CHB 




8528 8C8E8662 


288 




MOV 


STS.CS.CHB. CS 




852C C79688024986 


209 




MOV 


RX-VECTOR-CHB, OFFSET RCVINB .RX' DATA VECTOR CHB 




8532 8C8E8fl02 


218 




MOV 


RX_CS_CH8, CS 










MOV 


ERR-VECTOR.CHB. OFFSET ERRINB -ERRCiP VECTOR CHB 




853C dC8E8862 


212 




Mi3V 


RX_CS_CH6, CS 




8548 C78618028Cd6 


21"^ 




MOV 


TX_VECTOR_CHA, OFFSET XMTINA . TX DATA VECTiDR CHP 






214 




MOV 


TX CS CHA^ CS 




854A C70614826986 


215 




MOV 


STi.vicTOR.CHA. OFFSET STRINA -STATUS VECTOR CHP 




8558 8C8E1602 


216 




MOV 


STS.CS.CHA, CS 




8554 C78gl882CD8g 


217 




MOV 


RX-VECTOR_CHA. UFSfT RCVINA .RX WTA VECTOR CHA 




855R 8C8Elfl82 


218 




NOV 


RX.CS_CHa CS 




855E C7861C62F686 


219 




MOV 


ERR.VECTOR_CHA. OFFSET ERRINA ,EPPOP V€CTi3P CHA 




8564 8C8E1E82 


229 




MOV 


ERR_CS.CHA. CS 






221 












222 


.COPY SETUP T8BLE P8WflETEPS INTO 8274 
















OvoO or wvt,^ 


224 




MOV 


DI. OFFSET CMDSTRB , INITIALIZE CHB 










MOV 


DX. COMMANt».PORT_CHB 






22b 




CALL 


SETLIP .COPY CHB PARAMETERS 










MOV 


DL OFFSET CMDSTRA . INITIALIZE CHA 






228 




MOV 


DX, COMMAND-PORT.CHA 






229 




CALL 


SETLIP .COPY CHA PARAMETERS 






230 












231 


, INITI8LI2E ST8TUS BYTES flNC- FLAGS 






232 










8578 688888 


233 




MOV 


AX. 0 




857D R22682 


234 




MOV 


ERROR.MSG-CHB, AL •CLEffi ERROR FLAi3 CHB 






2"?5 




MOV 


ERROR.MSG-CHA, AL .aEAR ERROR FLAG CHA 






27g 




MOV 


STATUS_MSO-CHB, AL .CLEAR STATUS FLAG CHB 




8586 823682 


237 




MOV 


5TATUS_MSG_CHA, AL ■ CLEAR STATUS FLAG CHA 




8589 832682 


238 




MOV 


RX.COUNT_CHB, AX , CLEAR RX COUNTER CHB 




(root fiii&oc 






MOV 


RX_COUNT.CHA. AX , CLEAR RX CaWTER CHA 






240 




MOV 


AL, 1 




8591 82298*: 


241 




MOV 


RX_READV_CH6, AL .SET RX D0« FLAG CHEi 




8594 823502 


242 




MOV 


RX.PEADV_CHA, AL ■ SET RX DONE FLAG CHA 




8597 822882 


24? 




MOV 


TX-EMPTV_CHB, AL .SET TX DONE FLAG CHB 




8598 823482 


244 




MOV 


TX-EMPTY.CHA. AL • SET TX DONE FLAG CHA 




0590 FB 


245 




STI 


•ENABLE INTERRUPTS 




859E C3 


246 




RET 


.RETURN - m£ WITH SETUP' 




059F 8805 


247 
248 


SETUP 


MOV 


AL, [DI3 .PARAMETER COPYING ROUTINE 




0581 3C00 


249 




CMP 


AL, 0 




0583 7404 


250 




JE 


DONE 
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LOC OBJ 










e5ft5 EE 


251 


OIJT 


DX' AL , OUTPUT PAPAf€TEP 




e5A6 47 


252 


INC 


DI . POINT AT NEXT PflPAMETEF 




8SR7 EBF6 


252 


.IMP 


SETUP .GtDLOAt'IT 




05fl? C3 


254 


DONE PET 


. Dim - SO RETURN 






255 










256 +1 


lEJECT 








257 










25ft 








25? 


,* 








268 


TX CHflNNEL B COMMflND ROUTINE - POI.ITINE IS CflLLEP TO * 






261 


. ♦ TRflNSHIT fi BUFFER THE BUFFER STARTING ADDRESS, * 






262 


,* TX.POINTER-CHB. AND THE BiJFFEP LENGTH. TX.LEHGTH.CHB. 






262 


■ * MUST BE INITIALIZED BV THE CALLING PROGRAM 






264 


.* BOTH ITEMS ARE WORD VARIABLES * 






265 


> * 








266 










267 










268 


TX.COHMAND-CHB 






8SfW 50 


26^ 


PUSH 


AX , SAVE REGISTERS 




05R6 57 


278 


PtJSH 


DI 




95flC 52 


271 


PUSH 


dx 




05RD 0686238200 


272 


MOV 


TX_EMPTV.CHB, 8 .CLEAR EHPTV FLAG 




8562 BfW488 


272 


MOV 


DX. DATfl.P0RTj:H6 . SETUP PORT POINTER 




8565 8e2E2882 


274 


MOV 


DI. TX.POINTER-CHB .GET TX BUFFER POINTER CH6 




0569 8fil05 


275 


MOV 


AL. [DI] .GET FIRST CHARACTER TO TX 




8586 EE 


276 


OUT 


DX. AL -OUTPUT IT TO 8274 TO GET IT STARTED 




856C 5A 


277 


POP 


DX 




856D 5F 


278 


POP 


DI 




956E 58 


279 


POP 


AX 




856F C2 


288 


RET 


.RETURN 






281 










282 










282 




* 






284 


TX CHANNEL A COMMAND ROUTINE - ROUTINE IS CALLED TO * 






285 


TRANSMIT 


ft BIFFER THE BUFER STARTING AI-DRESS, ♦ 






286 


.* TX.POINTER-CHA. AND THE BUFFER LENGTH. TX_LENGTHj:HA, * 






287 


.* MUST BE INITIALIZED B-V THE CALLING PROGRAM ♦ 






288 


,* BOTH ITEMS ARE WORT' VARIABLES * 






289 


, * 


* 






298 








291 








05C0 


292 


tx.commandj:ha 






85C0 58 


292 


PUSH 


. Sm REGISTERS 




05C1 57 


294 


PUSH 


DI 




85C2 52 


295 


PUSH 


DX 




85C3 C606240280 


296 


MOV 


T;^EMPTV.CHA. 8 .aEAR EMPTV FLAG 




85C8 BR0888 


237 


MOV 


DX. DATA.PORT_CHA . 5ET1.P PCfT POINTER 




85C6 8B3E2C82 


298 


MOV 


DI. TX„POINTER-CHA -GET TX BUFFER POINTER CHA 




escF m5 


299 


MOV 


AL, [DI] .GET FIRST CHARACTER TO TX 




95D1 EE 


288 


OUT 


DX. AL .OUTPUT IT TO 8274 TO GET IT STARTED 








POP 


DX 




85D2 5F 


282 


POP 


DI 




85D4 58 


282 


POP 


AX 




a5D5 C3 


204 


RET 


.RETURN 






285 










286 








287 


. * 








208 


.* PX COMMAND FOR CHflNNEL B - THE CALLING ROUTINE MUST * 






209 


.* INITIALIZE RX.POINTER.CHB TO POINT AT THE PECEI'vt * 






210 


BUFFER BEFORE CALLING THIS ROUTINE * 


210311-29 
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I1CS-86 fWCRO FlSSEMBLEP 


ftSVNCB 






T 

Ll. 06 


LINE 


SOURCE 






311 








212 






?li 






85D6 


:<14 


PX.COHMflNr-_CHe 




05D6 50 


315 


PUSH 


fl/; .SAVE REGISTERS 




216 


PUSH 


DX 


0508 C6062SI0200 


317 


HOV 


RX_REflDV-CHB 0 .CLERP R'.' PEfit-V FLRG 




318 


MOV 


RX.COUNT.CHe. 0 aLEflP RX COLINTEP 


85ES Bfl0606 


319 


MOV 


OX. COHMflND.PORT.CHB -POINT fil COWW FORT 


85E6 B003 


320 


MOV 


fll. 3 . SET UP FOF WPS 


0SE8 EE 


321 


O^JT 


DX. flL 


8SE9 68C1 


322 


MOV 


0C1H .WR3 - 8 BITS/'CHP. ENABLE RX 


05EB EE 


323 


OUT 


DX. HL 


85EC 5fi 


324 


POP 


d:s 


05ED 58 


325 


POP 


fix 


05EE CI 


326 


RET 


.RETURN 




327 








328 








329 








330 


, * RX COMHflND FOR CHflNNEL fl - THE CfiLLING POtJTIHE MUST ♦ 




331 


INITIftLIZE RX_POINTER_CHft TO POINT ftT THE RECEIVE ♦ 




332 


• ♦ BUFFER BEFORE CALLING THIS ROUTINE * 




333 




* 




334 






335 






05EF 


336 


RX_COHHflND.CHfl 




95EF 50 


337 


PUSH 


fi< .SAVE REGISTERS 


05F0 52 


338 


PUSH 


OX 


vSrl C686j50200 


339 


MOV 


RX.REflDV.CHfl. 0 .CLEAR RX REAC'V FLAG 


85F6 C7063202W00 


340 


HOV 


RX.COUNT.CHA. 0 .CLEAR RX COUNTER 


05FC Bfl0200 


341 


MOV 


DX. COMMAND.PORT.CHA .POINT AT i.OMMAND PijPT 


05FF B^l 


342 


MOV 


AL. 3 .SET UF- FOR MP: 


0601 EE 


343 


OUT 


DX. AL 


8602 B0Ci 


344 


MOV 


AL. 8C1H .HP! - 8 BITS,tHR. ENABLE P;' 


0604 EE 


345 


OUT ■ 


OX. AL 


0605 5R 


3*6 


POP 


DX 


8606 58 


347 


POP 


AX 


0607 C3 


348 


RET 


■RETURN 




349 








350 +1 


lEJECT 






351 








352 








353 


, * 


♦ 




354 


>* START OF INTERRlfT SER-vflCE ROUTINES ♦ 




355 




* 




356 








357 








358 


>Cmm. B TRflNSMIT OflTfl SERVICE ROUTINE 




359 






0608 52 


360 


XHTIW PUSH 


PX .SAVE REGISTERS 


0609 57 


361 


PUSH 


DI 


060f) 50 


362 


PUSH 


AX 


060B E8020i 


363 


CflLL 


EOI .SEND ECU COMMAND TO 8274 


060E FF062002 


36^ 


INC 


TX.POINTER.CHB .p-OINT TO NEXT CHARACTER 


0612 FF0E2202 


365 


DEC 


TX_LEN6TH_CHB .DEC LEf«TH COUNTER 


0616 740E 


366 


JE 


XIB . TEST IF DI3NE 




367 


MOV 


OX. DATA-POPT-CW .NOT [-Of* - GET f€XT CHARACTER 


0618 8B3E2002 


368 


MOV 


DI. TX.POINTEP_CHB 


061F 8fi05 


369 


NOV 


AL. [DI3 .PUT CHARAtlTEP IN AL 


0621 EE 


370 


OUT 


DX. AL .OUTPUT IT TO 8274 
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HCS-86 NflCRO ASSEMBLER 


flSVNCB 








LOC OBJ 


LINE 


SOURCE 






8622 58 


371 


POP 


RX 


.RESTORE REGISTERS 


0623 5F 


372 


POP 


DI 




8624 5A 


373 


POP 


DX 




8625 CF 


374 


IRET 




.RETURN TO FOREGROUND 


wcv CNWUvv 


375 


XIB HOV 


DX, COHMflND.PORT_CHB ,flLL CHflRfiCTERS HAVE BEEN SEND 


8629 B828 


376 


HOV 


AL. 28H 


.RESET TRANSMITTER INTERRUPT PENC-ING 


8626 EE 


377 


OUT 


DX. RL 




862C C6862882ei 


378 


HOV 


TX»EMPTV.CHB, 1 .DONE - SO SET TX EMPTV FLAG CHB 


8631 58 


379 


POP 


AX 


.RESTORE REGISTERS 


8632 5F 


380 


POP 


DI 




8633 5A 


381 


POP 


DX 




0634 CF 


382 


IRET 




.RETURN TO FOREGRCd-W) 




383 










384 


-CHflNNEL B STATUS CHflNGE SEP\'ICE ROUTINE 




385 








0635 52 


386 


STfllNB PUSH 


DX 


,SHVE REGISTERS 


0636 57 


387 


PUSH 


DI 




8637 58 


388 


PUSH 


AX 




0638 E8D580 


389 


CALL 


EOI 


,SENC' EOI COMMAND TO 8274 


8636 BA0600 


390 


MOV 


DX, COMHAND.PORT.CHB 


063E EC 


391 


IN 


AL. DX 


;READ RR0 


863F fl22fl02 


392 


MOV 


STATUS.MSG.CHB. 


AL .PUT RR0 IN STATUS MESSAGE 


8642 B010 


39] 


MOV 


AL. 10H 


•SEW' RESET STATUS INT COMMAND TO 8274 


0644 EE 


394 


OUT 


DX, AL 




0645 58 


395 


POP 


AX 


.RESTORE REGISTERS 


0646 5F 


396 


Pi3P 


DI 




,0647 5ft 


397 


POP 


DX 




0648 CF 


398 


IRET 








399 










400 


•CHflNNEL 6 RECEIVED DflTfl SERVICE ROUTINE 




401 








0649 52 


402 


RCVINB PUSH 


DX 


.SAVE REGISTERS 


064fl 57 


403 


PUSH 


DI 




0646 50 


404 


PUSH 


ft>; 




064C E8C100 


405 


CflLL 


EOI 


. 'SENT' EOI CiDTflANC' TO 8274 


064F 863E2402 


406 


MOV 


DI. RX-POINTEP-CHB .i3ET fi'/, CHB EU.IFFEP POINTER 


0653 Bfl0400 


407 


HCiV 


DX. DATfl_PCiPT.CHB 


0656 EC 


408 


IN 


AL. DX 


.REAI- CHRRflCTEP 


0657 8805 


409 


HOV 


[DI]. AL 


.STORE IN BI.FFEP 


0659 FF062402 


410 


INC 


RX_POINTEP.CHB 


• BUMP THE BUFEP POINTER , 


065t' FF062602 


411 


M. 


rx_coi.intj:hb 


.BW THE COUNTEF 




412 


CMP 


AL. CP.CHP 


.TEST 1F LAST CHftPftCTEP TO BE CECEIVEL'' 


0663 750E 


41: 


JNE 


RIB 




0665 C606290201 


414 


MOV 


rx_pea[^vj:he.. 1 


.VES. SET PEftl'V FLAG 


06tfl Bfl0600 


415 


M0\' 


DX. COMMflNt'.PORT 


_CHe .riJlNT AT dDHtW PHPT 


066f- B08: 


41o 


HOV 


ftL. 1 


. POINT ht m 


066F EE 


417 


OUT 


DX. AL 




0670 B0C0 


418 


MOV 


ftL. 0C0H 


. DiSftEiE r;-; 


0672 EE 


41? 


iXIT 


DX. AL 




0673 58 


420 


RI& FOf 


ft;», 


EIThEF WAV ^RESTOPE PEGL-TEP-:. 


0674 5F 


421 


POP 


DI 




13675 5ft 


422 ' 


POP 


D.<. 




0676 CF 


423 


IPti 




• RETURN TO FCiPE'iF'OUN[' 




424 










425 


• CHflfML E. EPROf iEPVICE ROUTINE 




426 








0677 5: 


427 






. 5ft'"E PEG I STEIN'S 


0675: 50 


42& 


PUSH 


Ha 




067? E89400 


42? 


CflLL 


ECl 


■ sm< EOI coMMRf^r. TO •:.:r4' 


0t.7C eflCi600 


4S0 


r-ttv 


DX. i.OmWMf'l 


J- HP 
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HCS-86 HflCRO ftSSEHBLER 


flSVNCB 










LOC OBJ 


LINE 


SOURCE 








067F eeei 


431 


HOV 


flL, 1 


-POINT AT RRl 




9681 EE 


432 


OUT 


DX. AL 






8682 EC 


433 


IN 


AL. DX 


.READ RRl 




8683 f)22B82 


434 


HOV 


ERR0RJ1SILCHB, AL -SAVE IT IN ERROR FLAG 




8686 B838 


435 


HOV 


AL, 38H 


.SEND RESET ERROR COmANO TO 8274 




8688 EE 


436 


OUT 


DX, AL 






8689 58 


437 


POP 


AX 


•RESTORE REGISTERS 




868A 5A 


438 


POP 


DX 






8686 CF 


439 


IRET 




, RETURN TO FOREGROUND 






448 












441 


.CHflNNEL R TRflNSHIT OflTfl SERVICE ROUTINE 






442 










868C 52 


443 


XHTINfl PUSH 


DX 


,SAVE REGISTERS 




868D 57 


444 


PUSH 


DI 






868E 58 


445 


PUSH 


AX 






868F E87E88 


446 


CflLL 


EOI 


,SEND EOI COmAND TO 8274 




8692 FF862C82 


447 


INC 


TX-POINTEP-CHA 


, POINT TO NEXT CHARACTER 




8696 F8E2Ee2 


448 


DEC 


TX_LENGTH-CHA 


.DEC LENGTH D3UNTER 




869fl 748E 


449 


JE 


XIA 


. TEST IF DONE 




869C Bfl8888 


458 


HOV 


DX. DATA_PORT.CHA -NOT DONE - GET NEXT CHARAi:TEP 




869F 8B3E2C82 


451 


HOV 


DI, TX_POINTER-CHA 




86A3 8R85 


452 


NOV 


AL, [DI] 


.PUT CWRACTER IN AL 




96fl5 EE 


453 


OUT 


DX. AL 


.OUTFIT IT TO 8274 




86A6 58 


454 


POP 


AX 


■RESTORE REGISTERS 




86fl7 5F 


455 ' 


POP 


DI 






86fl8 5fl 


456 


POP 


DX 






86fl9 CF 


457 


IRET 




.RETURN TO FOPEGPOUNC- 




86flR 8^8288 


458 


Xlfl HOV 


DX. COHMAND.PORT.CHft ,ALL CHARACTERS m\>E BEEN SEND 




86AD B828 


459 


HOV 


AL. 28H 


■ RESET TRANSMITTER INTERRUPT F€f«'IH6 




86flF EE 


468 


OUT 


DX. AL 






8668 C68634828i 


461 


m 


TX.EHPTV.CHA. i ,DONE - SO SET TX EMPTY FLAG Cm 




8665 58 


462 


m 


AX 


. RESTORE REGISTERS 




86B6 5F 


46S 


POP 


DI 






8667 5fl 


464 


POP 


DX 






8668 CF 


465 


IRET 




, RETURN TO FOPEGROI.INI' 






466 












467 


.CHANNEL fl STATUS CHANGE SERVICE RiMIfC 






468 










866? 52 


469 


STftlNA PUSH 


DX 


■ Sfl\€ REGISTERS 




066fl 57 


470 


PUSH 


M 






0668 58 


471 


PUSH 


AX 






86ec Ea5i9e 


472 


CALL 


EOI 


•SEND EOI COMMANC- TO 8:74 




86eF efl828e 


473 


HOV 


DX. ccimman['_poptj:ha 




86C2 EC 


474 


IN 


AL. DX 


■ REA[' PRO 




86C: fl23682 


475 




STATUS.MSG-CHfl. 


AL . PUT PP0 IN STATUS MESSAijE 




86C6 B818 


476 


HOV 


AL. lOH 


. SEW' RESET STATUS INT imm TO 5274 




86C8 EE 


477 


OUT 


DX. AL 




06C? 58 


478 


POP 


AX 


. PESTOR'E REGISTERS 




f)6Cf\ 5F 


479 


POF' 


DI 






86CB 5ft 


488 


POF' 


DX 






m: CF 


481 


im 










482' 












483 
484 


CHANNEL ft mum' Vm 'SERVICE i?OLiTIf€ 




52 


485 


PCVINA PUSH 


DX 


.SAVE REGISTERS 




06CE 57 . 


486 


PUSH 


DI 






86CF 5?! 


487 " 


PUSH 


flX 






etj-e e8:d88 


488 


CALL 


EOI 


'SEW' EOI ommi to p^ta 




86t'S miiim 


489 


m\- 


['i. PiLPOIrtTfR.CHA .GET py CHft BUFFEP POINTED 




86['( 6ft8888 


49»3 




D:>. DATfl-POR'T'rHfi 
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nC5-8t> jIHCPO flSSEnBLER 


flSVNCB 








Lot OBJ 


LINE 


SOURCE 






860fl EC 


4?1 


IH 


ftL, DX .REft[^ CHflPflirTEP 




06DB 8885 


492 


MOV 


tDIl. a -STORE IN BUFFER 




06DD FFe63e02 


493 


INC 


RX_POINTER.CHfl -BUMP THE BUFFER POINTER 




Bocl rF06i2e2 


494 


IHC 


PX-CiXINT_CHft .BUMP THE COUNTER 




96£5 3C8D 


495 


CMP 


flL, CR_CHR .TEST IF LftST CHflRflCTER TO BE RECEIkCD"' 




06E7 75eE 


4% 


JNE 


Rift 




06E9 C696350201 


497 


HOV 


RX_REflDV_CHft. 1 . VES, SET REflt'V FLftG 




66EE Bfli9290 


498 


MOV 


DX, COMMflNC'.POPT.CHfl .POINT AT COIflflW^ POPT 




96F1 B803 


499 


MOV 


flL, 3 , POINT AT HR3 




eSFS EE 


500 


OUT 


DX, flL 




96F4 B8C8 


501 


MOV 


flL, 0C0H .DISflBLE RX 




66F6 EE 


502 


OUT 


DX, flL 




06F7 58 


503 


RIft POP 


flX .EITHER m> RESTORE REGISTERS 




96F8 5F 


504 


POP 


DI 




96F9 5fl 


505 


POP 


DX 




e6Ffl CF 


506 


IPET 


RETURN TO FOREGROUND 






507 










508 
509 


.CHflNNEL ft ERROR SER'/ICE ROUTINE 




06FB 52 


510 


ERRINfl PUSH 


DX ,5flVE REGISTERS 




06FC 59 


511 


PUSH 


fix 




06FD E81008 


512 


CALL 


EOI ; SEND EOI COMMflW) TO 8274 




0700 Bfl0200 


513 


MOV 


DX, COMMflND-PORT-CHft 




0703 B00i 


514 


MOV 


flL, 1 , POINT ftT RRl 




0705 EE 


515 


OUT 


DX, ftL 




0706 EC 


516 


IN 


flL, DX ,REflD RRl 




0707 fl23702 


517 


MOV 


ERR0P.MS6-CHft, 9L .SftVE IT IN ERROR' FLftG 




079fl 8030 


518 


MOV 


flL, 30H .SEND RESET ERROR COMMflND TO 8274 




070C EE 


519 


OUT 


DX, ftL 




070D 58 


520 


POP 


flX .RESTORE REGISTERS 




070E 5ft 


521 


POP 


DX 




070F CF 


522 


IRET 


.RETURN TO FOREQRaiND 






523 










524 


■END-OF-INTERRUPT ROUTINE - SENDS EOI COMMflNO TO 8274 






525 


. THIS COMHflND MUST flLMflVS TO ISSUED ON CHRNNEL ft 






526 








0710 50 


527 


EOI PUSH 


fix .SflVE REGISTERS 




0711 52 


528 


PUSH 


DX 




0712 6ft0200 


529 


MOV 


DX. C0MMflND.PORT_CHft .ftLHftVS FOP CHflNNEL ft " • 




0715 B038 


530 


MOV 


ftL, 38H 




0717 EE 


531 


OUT 


DX. ftL 




0718 5fl 


532 


POP 


DX 




0719 58 


533 


POP 


ftX 




071ft C3 


534 


RET 








535 










536 


•END OF CODE 


ROUTINE 






537 










538 


ftBC 


ENDS 






539 


END 






ftSSEHBLV COMPLETE, NO ERRORS FttWD 
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INTRODUCTION 

The INTEL 8274 is a Multi-Protocol Serial Controller, 
capable of handling both asynchronous and synchro- 
nous communication protocols. Its programmable fea- 
tures allow it to be configured in various operating 
modes, providing opimization to given data communi- 
cation application. 

This application note describes the features of the 
MPSC in Synchronous Communication applications 
only. It is strongly recommended that the reader read 
the 8274 Data Sheet and Application Note API 34 
"Asynchronous Communication with the 8274 Multi- 
Protocol Serial Controller" before reading this Applica- 
tion Note. This Application note assumes that the read- 
er is familiar with the basic structure of the MPSC, in 
terms of pin description, Read/Write registers and 
asynchronous communication with the 8274. Appendix 
A contains the software listings of the Application Ex- 
ample and Appendix B shows the MPSC Read/Write 
Registers for quick reference. 

The first section of this application note presents an 
overview of the various synchronous protocols. The 
second section discusses the block diagram description 
of the MPSC. This is followed by the description of 
MPSC interrupt structure and mode of operation in the 
third and fourth sections. The fifth section describes a 
hardware/software example, using the INTEL single 
board computer iSBC88/45 as the hardware vehicle. 
The sixth section consists of some specialized applica- 
tions of the MPSC. Finally, in section seven, some use- 
ful programming hints are summarized. 

SYNCHRONOUS PROTOCOL 
OVERVIEW 

This section presents an overview of various synchro- 
nous protocols. The contents of this section are fairly 
tutorial and may be skipped by the more knowledgeable 
reader. 



Bit Oriented Protocols Overview 

Bit oriented protocols have been defined to manage the 
flow of information on data communication links. One 
of the most widely known protocols is the one defined 
by the International Standards Organization: HDLC 



(High Level Data Link Control). The American Stan- 
dards Association's protocol, ADCCP is similar to 
HDLC. CCITT Recommendation X.25 layer 2 is also 
an acceptable version of HDLC. Finally, IBM's SDLC 
(Synchronous Data Link Control) is also a subset of the 
HDLC. 

In this section, we will concentrate most of our discus- 
sion on HDLC. Figure 1 shows a basic HDLC frame 
format. 

A frame consists of five basic fields: Flag, Address, 
Control, Data and Error Detection. A frame is bound- 
ed by flags — opening and closing flags. An address field 
is 8 bits wide, extendable to 2 or more bytes. The con- 
trol field is also 8 bits wide, extendable to two bytes. 
The data field or information field may be any number 
of bits. The data field may or may not be on an 8-bit 
boundary. A powerful error detection code called 
Frame Check Sequence contains the calculated CRC 
(Cycle Redundancy Code) for all the bits between the 
flags. 

ZERO BIT INSERTION 

The flag has a unique binary bit pattern: 7E HEX. To 
eliminate the possibility of the data field containing a 
7E HEX pattern, a bit stuffing technique called Zero 
Bit Insertion is used. This technique specifies that dur- 
ing transmission, a binary 0 be inserted by the transmit- 
ter after any succjession of five contiguous binary I's. 
This will ensure that no pattern of 01111110 is ever 
transmitted between flags. On the receiving side, after 
receiving the flag, the receiver hai^dware automatically 
deletes any 0 following five consecutive I's. The 8274 
performs zero bit insertion and deletion automatically 
in the SDLC/HDLC mode. The zero-bit stuffing en- 
sures periodic transitions in the data stream. These 
transitions are necessary for a phase lock circuit, which 
may be used at the receiver end to generate a receive 
clock which is in phase to the received data. The insert- 
ed and deleted O's are not included in the CRC check- 
ing. The address field is used to address a given second- 
ary station. The control field contains the link-level con- 
trol information which includes implied acknowledge- 
ment, supervisory commands and responses, etc. A 
more detailed discussion of higher level protocol func- 
tions is beyond the scope of this application note. Inter- 
ested readers may refer to the references at the end of 
this application note. 



Opening 
Flag 
Byte 


Address* 
Field (A) 


Control** 
Field (C) 


Data 
Field 


Frame 
Check 
Sequence 


Closing 
Flag 
Byte 



Figure 1. HDLC/SDLC Frame Format 

* Extendable to 2 or More Bytes. 
** Extendable to 2 Bytes. 
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The data field may be of any length and content in 
HDLC. Note that SDLC specifies that data field be a 
multiple of bytes only. In data communications, it is 
generally desirable to transmit data which may be of 
any content. This requires that data field should not 
contain characters which are defined to assist the trans- 
mission protocol (like opening flag TEH in HDLC/ 
SDLC communications). This property is referred to as 
"data transparency". In HDLC/SDLC, this code 
transparency is made possible by Zero Bit Insertion dis- 
cussed earlier and the bit oriented nature of the proto- 
col. 

The last field is the FCS (Frame Check Sequence). The 
PCS uses the error detecting techniques called Cyclic 
Redundancy Check. In SDLC/HDLC, the CCITT- 
CRC must be used. 



NON-RETURN TO ZERO INVERTED (NRZI) 

NRZI is a method of clock and data encoding that is 
well suited to the HDLC protocol. It allows HDLC 
protocols to be used with low cost asynchronous mo- 
dems. NRZI coding is done at the transmitter to enable 
clock recovery from the data at the receiver terminal by 
using standard digital phase locked loop techniques. 
NRZI coding specifies that the signal condition does 
not change for transmitting a 1, while a 0 causes a 
change of state. NRZI coding ensures that an active 
data line will have transition at least every 5-bit times 
(recall Zero Bit Insertion), while contiguous O's will 
cause a change of state. Thus, ZBI and NRZI encoding 
makes it possible for a phase lock circuit at the receiver 
end to derive a receive clock (from received data) which 
is synchronized to the received data and at the same 
time ensure data transparency. 



Byte Synchronous Communication 

As the name implies. Byte Synchronous Communica- 
tion is a synchronous communication protocol which 
means that the transmitting station is synchronized to 
the receiving station through the recognition of a spe- 
cial sync character or characters. Two examples of Byte 
Synchronous protocol are the IBM Bisync and Mono- 



sync. Bisync has two starting sync characters per mes- 
sage while monosync has only one sync character. For 
the sake of brevity, we will only discuss Bisync here. 
All the discussion is valid for Monosync also. Any ex- 
ceptions will be noted. Figure 2 shows a typical Bisync 
message format. 

The Bisync protocol is defined for half duplex commu- 
nication between two or more stations over point to 
point or multipoint communication lines. Special char- 
acters control link access, transmission of data and ter- 
mination of transmission operations for the system. A 
detailed discussion of these special control characters 
(SYN, ENQ, STX, ITB, ETB, ETX, DLE, SOH, 
ACKO, ACKl, WACK, NAK and EOT,^tc) is beyond 
the scope of this Application Note. Readers interested 
in more detailed discussion are directed to the refer- 
ences listed at the end of this Application Note. 

As shown in Figure 2, each message is preceded by two 
sync characters. Since the sync characters are defined 
at the beginning of the message only, the transmitter 
must insert fill characters (sync) in order to maintain 
synchronization with the receiver when no data is being 
transmitted. 



TRANSPARENT TRANSMISSION 

Bisync protocol requires special control characters to 
maintain the communication link over the line. If the 
data is EBCDIC encoded, then transparency is ensured 
by the fact that the field will not contain any of the 
bisync control characters. However, if data does not 
conform to standard character encoding techniques, 
transparency in bisync is achieved by inserting a special 
character DLE (Data Link Escape) before and after a 
string of characters which are to be transmitted trans- 
parently. This ensures that any data characters which 
match any of the special characters are not confused for 
special characters. An example of a transparent block is 
shown in Figure 3. 

In a transparent mode, it is required that the CRC 
(BCC) is not performed on special characters. Later on, 
we will show how the 8274 can be used to achieve 
transparent transmission in Bisync mode. 



SYNC 


SYNC 


SOH 


HEADER 


STX TEXT 


ETX OR ETB 


CRC1 


CRC 2 



Figure 2. Bisync Message Format 



DLE 


STX 


TRANSPARENT TRANSMISSION 


DLE 


ETX 


BCC 



Enter transparent mode 



return to normal mode 

Figure 3. Bisync Transparent Format 
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BLOCK DIAGRAM 

This section discusses the block diagram view of the 
8274. The CPU interface and serial interface is dis- 
cussed separately. This will be followed by a hardware 
example in the fifth section, which will show how to 
interface the 8274 with the Intel CPU 8088. The 8274 
block diagram is shown in Figure 4. 



CPU Interface 

The CPU interface to the syste m int erface logic block 
utilizes the AO, Al, CS, RD and WR inputs to commu- 
nicate with the internal registers of the 8274. Figure 5 
shows the address of the internal registers. The DMA 
interface is achieved by utilizing DMA request lines for 



each channel: TxDRQa, TxDRQb, RxDRQa, 
RxDRQb. Note that TxDRQb and RxDRQb become 
IPO and IPI respectively in non-D MA mode. IPI is the 
Interrupt Priority Input and IPO is the Interrupt Prior- 
ity Output. These two pins can be used for connecting 
multiple MPSCs in a daisy chain. If the Wait Mode is 
programmed, then TxRDQa and RxDRQa be- 
come RDYb and RDYa pins. These pins can be wire- 
OR'ed and are usually hooked up to the CPU RDY 
line to synchronize the CPU for block transfers. The 
INT pin is acti vated w henever the MPSC requires CPU 
attention. The INTA may be used to utilize the power- 
ful vectored mode feature of the 8274. Detailed discus- 
sion on these su bjects w ill be done later in this Applica- 
tion Note. The RESET pin may be used for hardware 
reset while the clock is required to click the internal 
logic on the MPSC. 



DBo-7 



DATA 
BUS 
BUFFERS 



CLK ■ 
RESET ■ 
RDYb/TxDRQa ' 

RDYa/RxDRQa ' 



IPO/TxDRQb ' 
IPT/RxDRQb - 
INT ' 
iNTA • 
AO - 
Al • 

CS - 
RD ■ 
WR ■ 



SYSTEM 
INTERFACE 
CONTROL 
LOGIC 



SYSTEM INTERFACE 



A- 



CHANNEL A 

WRITE 
REGISTERS 



CHANNEL A 

READ 
REGISTERS 



CHANNEL A 
TRANSMITTER 










CHANNEL A 
CONTROL 
LOGIC 






0 


D 








CHANNEL A 
RECEIVER 










TxDA 
TxCA 

DCDa 

• CTSa 

• RTSA 

• SYNDETa 
DTRa 

■ RxDa 
- RxCa 



I I 



TxDb 
TxCb 
DCDb 
CfSB 



SYNDETb 
RTSb 
BT^B 

RxCb 

RxDb 



NETWORK INTERFACE 



Figure 4. 8274 Block Diagram 
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cs 


A1 


AO 


Read Operation 


Write Operation 


0 


0 


0 


CHA DATA READ 


CHA DATA WRITE 


0 


1 


0 


CHA STATUS REGISTER 


CHA COMMAND/PARAMETER 








(RR0.RR1) 


(WR0-WR7) 


0 


0 


1 


CHB DATA READ 


CHB DATA WRITE 


0 


1 


1 


CHB STATUS REGISTER 


CHB COMMAND/PARAMETER 








(RR0,RR1,RR2) 


(WR0-WR7) 


1 


X 


X 


HIGHZ 


HIGHZ 



Figure 5. Bus Interface 



Serial Interface 



Transmit and Receive Data Path 



On the serial side, there are two completely indepen- 
dent channels: Channel A and Channel B. Each chan- 
nel consists of a transmitter block, receiver block and a 
set of read/write registers which are used to initialize 
the device. In addition, a control logic block provides 
the modem interface pins, Channel B serial interface 
logic is a mirror image of Channel A serial interface 
logic, except for one exception: there is only one pin for 
RTSb and SYNDETb- 

A a given time, this pin is either RTSb or SYNDETb- 
This mode is programmable through one of the internal 
registers on the MPSC. 



Figure 6 shows a block diagram for transmit and re- 
ceive data path. Without describing each block on the 
diagram, a brief discussion of the block diagram will be 
presented here. 

TRANSiyilT DATA PATH 

The transmit data is transferred to the twenty-bit serial 
shift register. The twenty bits are needed to store two 
bytes of sync characters in bisync mode. The last three 
bits of the shift register are used to indicate to the inter- 
nal control logic that the current data byte has been 
shifted out of the shift register. The transmit data in the 



1 



I I/O DATA BUFFER | 



INTERNAL DATA BUS 



RECEIVE 




RECEIVE 


DATA 




ERROR 


FIFO 




FIFO 



Iz 



HUNT MODE (BISYNC) 



SYNC 








REGISTER & 




3 BITS 


ZERO DELETE 









RECEIVE 
CLOCK 
LOGIC 



n 



Iz 



TRANSMIT DATA 



Iz 



20 BIT TRANSMIT 
SHIFT REGISTER 



RECEIVE 
ERROR 
LOGIC 



RECEIVE 
S R (8 BITS) 



REGISTER 
(8 BITS) 



1 START BIT FOR 
~ ASYNC 



ASYNC 
DATA 



ZERO INSERT 
(5 BITS) 



CRC 
GENERATOR 



TRANSMIT 
MULTIPLEXER 

2 BIT DELAY 



TRANSMIT 
CLOCK 
LOGIC 
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Figure 6. Transmit and Receive Data Path 
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transmit shift register is shifted out through a two bit 
delay onto the TxData line. This two bit delay is used 
to synchronize the ititemal shift clock with the external 
transmit clock. The data in the shift register is also 
presented to zero bit insertion logic which inserts a zero 
after sensing five contiguous ones in the data stream. In 
parallel to all this activity, the CRC-generator is com- 
puting CRC on the transmitted data and appends the 
frame with CRC bytes at the end of the data transmis- 
sion. 



RECEIVE DATA PATH 

The received data is passed through a one bit delay 
before it is presented for flag/sync comparison. In bi- 
sync mode, after the synchronization is achieved, the 
incoming data bypasses the sync register and enters di- 
rectly into the three bit buffer on its way to receive shift 
register. In SDLC mode, the incoming data always 
passes through the sync register where the data pattern 
is continuously monitored for contiguous ones for the 
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Figure 7. MPSC Interrupt Structure 
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zero deletion logic. The data then enters the three bit 
buffer and the receive shift register. From the receive 
shift register, the data is transferred to the three byte 
deep FIFO. The data is transferred to the top of the 
FIFO at the chip clock rate (not the receiver clock). It 
takes three chip clock/periods to transfer data from the 
serial shift register to the top of the FIFO. The three bit 
deep Receive Error FIFO shifts any error condition 
which may have occurred during a frame reception. 
While all this is happening, the CRC checker is check- 
ing the CRC on the incoming data. The computed 
CRC is checked with the CRC bytes attached to the 
incoming frame and an error generated under a no- 
check condition. Note that the bisync data is presented 
to the CRC checker with an 8-bit delay. This is neces- 
sary to achieve transparency in bisync mode as will be 
shown later in this Application Note. 



MULTI-PROTOCOL SERIAL 
CONTROLLER (MPSC) INTERRUPT 
STRUCTURE 

The MPSC offers a very powerful interrupt structure, 
which helps in responding to an interrupt condition 
very quickly. There are multiple sources of interrupts 
within the MPSC. However, the MPSC resolves the 
priority between various interrupting sources and inter- 
rupts the CPU for service through the interrupt line. 
This section presents a comprehensive discussion of all 
the 8247 interrupts and the priority resolution between 
these interrupts. 

All the sources of interrupts on the 8274 can be 
grouped into three distinct categories. (See Figure 7.) 

1. Receive Interrupts 

2. Transmit Interrupts 

3. External/Status Interrupts. 

An internal interrupt priority structure sets the priority 
between the interrupts. There are two programmable 
options available on the MPSC. The priority is set by 
WR2A, D2 (Figure 8). 
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Figure 8. Interrupt Priority 



Receive Interrupt 

All receive interrupts may be categorized into two dis- 
tinct groups: Receive Interrupt on Receive Character 
and Special Receive Condition Interrupts. 



RECEIVE INTERRUPT ON RECEIVE 
CHARACTER 

A receive interrupt is generated when a character is 
received by the MPSC. However, as will be discussed 
later, this is a programmable feature on the MPSC. A 
Rx character available interrupt is generated by the 
MPSC after the receive character has been assembled 
by the MPSC. It may be noted that in DMA transfer 
mode too, a receive interrupt on the first receive char- 
acter should be programmed. In SDLC mode, if ad- 
dress search mode has been programmed, this interrupt 
will be generated only after a valid address match has 
occurred. In bisync mode, this interrupt is generated on 
receipt of a character after at least two valid sync char- 
acters. In monosync mode, a character followed after at 
least a single valid sync character will generate this in- 
terrupt. An interrupt on first receive character signifies 
the beginning of a valid frame. An end of the frame is 
characterized by an "End of Frame" Interrupt (RRl: 
D7).* This bit (RR1:D7) is set in SDLC/HDLC mode 
only and signifies that a vaUd ending flag (7EH) has 
been received. This bit gets reset either by an "Error 
Reset" command (WRO: D5D4D3 = 110) or upon re- 
ception of the first character of the next frame. In mul- 
tiframe reception, on receiving the interrupt at the 
"End of Frame" the CPU may issue an Error Reset 
command which will reset the interrupt. In DMA 
mode, the interrupt on first receive character is accom- 
panied by a RxDRQ (Receiver DMA request) on the 
appropriate channel. At the end of the frame, an End of 
Frame interrupt is generated. The CPU njay use this 
interrupt to jump into a routine which may redefine the 
receive buffer for the next incoming frame. 

♦NOTE: 

RR1:D7 is bit D7 in Read Register 1. 

SPECIAL RECEIVE CONDITION INTERRUPTS 

So far, we have assumed that the reception is error free: 
But this is not *typicar in most real life applications. 
Any error condition during a frame reception generates 
yet another interrupt — special receive condition inter- 
rupt. There are four different error conditions which 
can generate this interrupt. 

(i) Parity error 

(ii) Receive Overrun error 

(iii) Framing error 

(iv) End of Frame 

(i) Parity error: Parity error is encountered in asyn- 
chronous (start-stop bits) and in bisync/monosync pro- 
tocols. Both odd or even parity can be programmed. A 
parity error in a received byte will generate a special 
receive condition interrupt and sets bit 4 in RRl. 
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(ii) Receive Overrun error: If the CPU or the DMA 
controller (in DMA mode) fails to read a received char- 
acter within three byte times after the received charac- 
ter interrupt (or DMA request) was generated, the re- 
ceiver buffer will overflow and this will generate a spe- 
cial receive condition interrupt and sets bit 5 in RRl. 

(iii) Framing error: In asynchronous mode, a framing 
error will generate a spe|9ial receive interrupt and set bit 
D6 in RRl. This bit is not latched and is updated on 
the next received character. 

(iv) End of frame: This interrupt is encountered in 
SDLC/HDLC mode only. When the MPSC receives 
the closing flag, it generates the special receive condi- 
tion interrupt and sets bit D7 inHRl. 

All the special receive condition interrupts may be reset 
by issuing an Error Reset Command. 

CRC Error: In SDLC/HDLC and synchronous modes, 
a CRC error is indicated by bit D6 in RRl. When used 
to check CRC error, this bit is normally set until a 
correct CRC match is obtained which resets this bit. 
After receiving a frame, the CPU must read this bit 
(RR1:D6) to determine if a valid CRC check had oc- 
curred. It may be noted that a CRC error does not 
generate an interrupt. 

It may also be pointed out that in SDLC/HDLC mode, 
receive DMA requests are disabled by a special receive 
condition and can only be re-enabled by issuing an Er- 
ror Reset Command. 



Transmit Interrupt 

A transmit buffer empty generates a transmit interrupt. 
This has been discussed earlier under "Transmit in In- 
terrupt Mode" and it would be sufficient to note here 
that a transmit buffer empty interrupt is generated only 
when the transmit buffer gets empty — assuming it had 
a data character loaded into it earlier. This is why on 
starting a frame transmission, the first data character is 
loaded by the CPU without a transmit empty interrupt 
(or DMA request in DMA mode). After this character 
is loaded into the serial shift register, the buffer be- 
comes empty, and an interrupt (or DMA request) is 
generated. This interrupt is reset by a "Reset Tx Inter- 
rupt/DMA Pending" command (WRO: D5 D4 D3 = 
101). 



External/Status Interrupt 

Continuing our discussion on transmit interrupt, if the 
transmit buffer is empty and the transmit serial shift 
register also becomes empty (due to the data character 
shifted out of the MPSC), a transmit under-run inter- 
rupt will be generated. This interrupt may be reset by 
"Reset External/Status Interrupt" command (WRO: 
D5 D4 D3 = 101). 



The External Status Interrupt can be caused by five 
different conditions: 

(i) CD Transition 

(ii) CTS Transition 

(iii) Sync/Hunt Transition 

(iv) Tx under-run/EOM condition 

(v) Break/ Abort Detection. 

CD, CTS TRANSITION 

Any. transition on these inputs on the serial interface 
will generate an External/Status interrupt and set the 
corresponding bits in status register RRO. This inter- 
rupt will also be generated in DMA as wel l as i n Wait 
Mode. In order to find out the state of the CTS or CD 
pins before the transition had occurred, RRO must be 
read before issuing a Reset External/Status Command 
through WRO. A read of RRO after the Reset External/ 
Status Command will give the condition of CTS or CD 
pins after the transition had occurred. Note th at bit D5 
in RRO gives the complement of the state of CTS pin 
while D3 in RRO reflects the actual state of the CD pin. 

SYNC HUNT TRANSITION 

Any transition of the SYNDET input generates an in- 
terrupt. However, sync input has different functions in 
different modes and we shall discuss them individually. 

SDLC Mode 

In SDLC m6de, the SYNDET pin is an out put. Status 
register RRl, D4 contains the state of the SYNDET 
pin. The Enter Hunt Mode initially sets this bit in RO. 
An opening flag in a received SDLC frame resets this 
bit and generates an external status interrupt. Every 
time the receiver is enabled or the Enter Hunt Code 
Command is issued, an external status interrupt will be 
generated on receiving a valid flag followed by a valid 
address/data character. This interrupt may be reset by 
the "Reset External/Status Interrupt" command. 

External SYNC Mode 

The MPSC can be programmed into Exte rnal Sync 
Mode by setting WR4, D5 D4 = 11. The SYNDET 
pin is an input in this case and must be held high until 
an external character synchronization is estabUshed. 
However, the External Sync mode is enabled by the 
Enter Hun t Mode control bit (WR3: D4). A high at the 
SYNDET pin holds the Sync/Hunt bit (RR0,D4) in 
the res et state. W hen external synchronization is estab- 
lished, SYNDET must be driven low on second rising 
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edge of RxC after the rising edge of RxC on which the 
last bit of sync character was received. This high to low 
transition sets the Sync/Hunt bit and generates an ex- 
ternal/status interrupt, which must be reset by th e Re- 
set External/Status command. If the SYNDET input 
goes high again, another External Status Interrupt is 
generated, which may be cleared by Reset External/ 
Status command. 

Mono-Sync/Bisync Mode 

SYNDET pin acts as an output in this case. The Enter 
Hunt Mode sets the Sync/Hunt bit in RO. Sync/Hunt 
bit is reset when the MPSC achieves character synchro- 
nization. This high to low tr ansition w ill generate an 
external status interrupt. The SYNDET pin goes active 
every time a sync pattern is detected in the data stream. 
Once again, the external status interrupt may be reset 
by the Reset External/Status command. 

Tx UNDER-RUN/END OF MESSAGE (EOM) 

The transmitter logic includes a transmit buffer and a 
transmit serial shift register. The CPU loads the char- 
acter into the transmit buffer which is transferred into 
the transmit shift register to be shifted out of the 
MPSC. If the transmit buffer gets empty, a transmit 
buffer empty interrupt is generated (as discussed earli- 
er). However, if the transmit buffer gets empty and the 
serial shift register gets empty, a transmit under-run 
condition will be created. This generates an External 
Status Interrupt and the interrupt can be cleared by the 
Reset External Status command. The status register 
RRO, D6 bit is set when the transmitter under-runs. 
This bit plays an important role in controlling a trans- 
mit operation, as will be discussed later in this applica- 
tion note. 



BREAK/ ABORT DETECTION 

In asynchronous mode, bit D7 in RRO is set when a 
break condition is detected on the receive data line. 
This also generates an External/Status interrupt which 
may be reset by issuing a Reset External/Status Inter- 
rupt command to the MPSC. Bit D7 in RRO is reset 
when the break condition is terminated on the receive 
data line and this causes another External/Status inter- 
rupt to ge generated. Again, a Reset External/Status 
Interrupt command will reset this interrupt and will 
enable the break detection logic to look for the next 
break sequence. 



In SDLC Receive Mode, an Abort sequence (seven or 
more I's) detection on the receive data line will gener- 
ate an External/Status interrupt and set RR0,D7. A 
Reset External/Status command will clear this inter- 
rupt. However, a termination of the Abort sequence 
will generate another interrupt and set RR0,D7 again. 
Once again, it may be cleared by issuing Reset Exter- 
nal/Status Command. 

This concludes our discussion on External Status Inter- 
rupts. 



Interrupt Priority Resolution 

The internal interrupt priority between various inter- 
rupt sources is resolved by an internal priority logic 
circuit, according to the priority set in WR2A. We will 
now discuss the interrupt timings during the priority 
resolution. Figures 9 and 10 show the timing diagrams 
for vectored and non-vectored modes. 

VECTORED MODE 

We shall assume that the MPSC accepted an internal 
request for an interrupt by activating the internal INT 
signal. This leads to generating an external interrupt 
signal on the INT pin. The CPU responds with an in- 
terrupt acknowl edge ( INTA) sequence. The leading 
edge of the first INTA pulse sets an internal interrupt 
acknowledge signal (we will call it Internal INTA). In- 
ternal INTA is reset by the high going edge of the third 
INTA pulse. The MPSC will not accept any internal 
req uests fo r an interrupt during the period when Inter- 
nal INTA is active (high). The MPSC resolves the pri- 
ority during various existing internal interrupt requests 
during the Interrupt Request Priority Resolve Time, 
which is defined as the time between the leading edge of 
the first INTA and the leading edge of the second 
INTA from the CPU. Once the internal priorities have 
been resolved, an inter nal Interrupt-in-service Latch is 
set. The external INT is also deactivated when the In- 
terrupt-in-Service Latch is set. 

The lower priority interrupt requests are not accepted 
internally until an EOI (WRO: D5 D4 D3 = 111 Ch. A 
only) command is issued by the CPU. The EOI com- 
mand enables the lower priority interrupts. However, a 
higher priority interrupt request will still be ac cepted 
(except during the period when internal INTA is ac- 
tive) even though the Intemal-in-Service Latch is set. 
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Figure 9. 8274 in 8085 Vectored Mo6e Priority Resolution Time 
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Figure 10. 8274 Non Vectored Mode Priority Resolve Time 



2-392 



AP.145 



Thi s high er priority request will generate another exter- 
nal INT and will have to be handled by the CPU ac- 
cording to how the CPU is set up. If the CPU is set up 
to respond to this interrupt, a new INTA cycle will be 
repeated as discussed earlier. It may also be noted that 
a transmitter buffer empty and receive character avail- 
able interrupts are cleared by loading a character into 
the MPSC and by reading the character received by the 
MPSC respectively. 

NON-VECTORED MODE 

Figure 10 shows the timing of interrupt sequence in 
non-vectored mode. The explanation of non-vectored is 
similar to the vector mode, except for the following 
exceptions. 

— No internal priority requests are accepted during 
the time when pointer 2 for Channel B is specified, 

— The interrupt request priority resolution time is the 
time between the leading edge of pointer 2 and lead- 
ing edge of RD active. It may be pointed out that in 
non-vectored mode, it is assumed that the status 
affects vector mode is used to expedite interrupt re- 
sponse. 

On getting an interrupt in non-vectored mode, the CPU 
must read status register RR2 to find out the cause of 
the interrupt. In order to do so, first a pointer to status 
register RR2 is specified and then the status read from 
RR2. It may be noted here that after specifying the 
pointer, the CPU must read status register RR2 other- 
wise, no new interrupt requests will be accepted inter- 
nally. 

Just like the vectored mode, no lower internal priority 
requests are accepted until an EOI command is issued 
by the CPU. A higher priority request can still inter- 
rupt the CPU (except during the priority request inhibit 
time). It is important to note here that if the CPU does 
not perform a read operation after specifying the point- 
er 2 for Channel B, the interrupt request accepted be- 
fore the pointer 2 was activated will remain vahd and 
no other request (high or low priority) will be accepted 
internally. In order to complete a correct priority reso- 
lution, it is advised that a read operation be done after 
specifying the pointer 2B. 

IPi and IPO 

So far, we have ignored the IPI and IPO signals shown 
in Figures, 9 and 10. We may recall that IPI is the 
Interrupt-Priority-Input to the MPSC. In conjunction 
with the IPO (Interrupt Priority Output), it is used to 
daisy chain multiple MPSCs. MPSC daisy chaining will 
be discussed in detail later in this application note. 



EOI Command 

The EOI command as explained earlier, enables the 
lower priority interrupts by resetting the internal In- 
Service-Latch, which consequently resets the IPO out- 
put to a low state. See Figures 9 and 10 for details. Note 
that before issuing any EOI command, the internal in- 
terrupting source must be satisfied otherwise, same 
source will interrupt again. The Internal Interrupt is 
the signal which gets reset when the internal interrupt- 
ing source is satisfied (see Figure 9). 

This concludes our discussion on the MPSC Interrupt 
Structure. 



MULTI-PROTOCOL SERIAL 
CONTROLLER (MPSC) MODES OF 
OPERATION 

The MPSC provides two fully independent channels 
that may be configured in various modes of operations. 
Each channel can be configured into full duplex mode 
and may operate in a mode or protocol different from 
the other channel. This feature will be very efficient in 
an application which requires two data link channels 
operating in different protocols and possibly at different 
data rates. This section presents a detailed discussion 
on all the 8274 modes and shows how to configure it 
into these modes. 



Interrupt Driven Mode 

In the interrupt mode, all the transmitter and receiver 
operations are reported to the processor through inter- 
rupts. Interrupts are generated by the MPSC whenever 
it requires service. In the following discussion, we will 
discuss how to transmit and receive in interrupt driven 
mode. 

TRANSMIT IN INTERRUPT MODE 



The MPSC can be configured into interrupt mode by 
appropriately setting the bits in WR2 A (Write Register 
2, Channel A). Figure 1 1 shows the modes of operation. 
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OH A In DMA and OH B in Interrupt 
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OH A and OH B In DMA Mode 
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Figure 11. MPSC Mode Selection for 
Channel A and Channel B 
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We will limit our discussion to SDLC transmit and re* 
ceive only. However, exceptions for other synchronous 
protocols will be pointed^ otit, Ta initiate a frame trans^ 
mission* the first data character must be loaded from 
the CPU, in all cases. (DMA Mbde too, as you will 
notice later in this application note). Note that in 
SDLC mode, this first* data character may be. the ad- 
dress pf the station addressed by the MPSC. The trans- 
mit buffer consists of a transmit buffer and a serial shift 
register. When the character is transferred froiii the 
buffer into the serial shift regiser, an interrupt^due to 
transmit buffer empty is generated. The CPU has one 
byte time to jservice this interrupt and Joad. another 
character into the transmitter buffer. The MPSC will 
generate an interrupt due to transmit buffer underrun 
condition if the CPU does not service the Transmit 
Buffer Empty Interrupt within one h^te time. 

This process will continue until the CPU is out of any 
more data characters to be sent. At this point, the CPU 
does not respond to the interrupt with a character but 
simply issues a Reset Tx INT/DMA pending com- 
mand (WRO: D5 D4 D3 = 101). The MPSC will ulti- 
mately underrun, which simply means that both the 
transmit buffer and transmit shift registers are empty. 
At this point, flag character (TEH) or CRC byte js 
loaded into the transmit shift register. This sets the 
transmit underrun bit in RRO and generates "Transmit 
Underrun/EOM" interrupt (RF,0: D6 = 1). 

You will recall that an SDLC frame has two CRC bytes 
after the data field. 8274 generates the CRC on all the 
data that is loaded from the CPU,, During initialization, 
there is a choice of selecting a CRC- 16 or CCITT-CRC 
(WR5: D2). In SDLC/HDLC operation, CCITT-CRC 
must be selected. We will now see how the CRC gets 
inserted at the end of the data field. Here we have a 
choice of having the CRC attached to the data field or 
sending the frame without the CRC bytes. During 
transmission, a "Reset Tx Underrun/EOM Latch" 
command (WRO: D7 D6 = 11) will ensure that at the 
end of the frame when the transmitter underruns, CRC 
bytes will be automatically inserted at the ^d of the 
data field. If the "Reset Tx Underrun/EOM Latch" 
command was not issued during the transmission of 
data characters, no CRC would be inserted and the 
MPSC will transmit flags (7EH) instead. 

However, in case of CRC transmission, the CRC trans- 
mission sets the Tx Underrun/EOM bit and generates a 
Transmitter Underrun/EQM Interrupt as discussed 
earlier. This will have to be reset in the next frame to 
ensure CRC insertion in the next frame. It is recom- 
mended that Tx Underrun/EOM latch be reset very 
early in the transmission mode, preferably after loading 
the first character. It may be noted here that Tx Under- 
run EOM latch cannot be reset if there is no data in the 
transmit buffer. This means that at least one character 
has to be loaded into the MPSC before a "Reset Trans- 
mit Underrun/EOM Latch" command will be accepted 
by the MPSC. 



When the transmitter is underrun, an interrupt is gen- 
erated. This interrupt is generated at the beginning of 
the CRC transmission, thus giving the user enough 
time (minimum 22 transmit clock cycles) to issue an 
Abort command (WRO: D5 D4 D3 = 0 0 1) in case if 
the transmitted data had an error. The Abort Com- 
mand will ensure that the MPSC transmits at least 
eight Ts but less than fourteen I's before the line re- 
verts to continuous flags. The receiver will scratch this 
frame because of bad CRC. 

However, assuming the transmission was good (no 
Abort Command issued), after the CRC bytes have 
been transmitted, closing flag (7EH) is loaded into the 
transmit buffer. When the flag (7EH) byte is trans- 
ferred to the serial shift register, a transmit buffer emp- 
ty interrupt is generated. If another frame has to be 
transmitted, a new data character has to be loaded into 
the transmit buffer and the complete transmit sequence 
repeated. If no more frames are to be transmitted, a 
"Reset Transmit INT/DMA Pending" command 
(WRO: D5 D4 D3 = 101) will reset the transmit buffer 
empty interrupt. 

Fbr character oriented protocols (Bisync, Monosync), 
the same discussion is valid, except that during trans- 
mit underrun condition and transmit underrun/EOM 
bit in set state, instead of flags, filler sync characters are 
transmitted. 

CRC Generation 

The transmit CRC enable bit (WR5: DO) must be set 
before loading any data into the MPSC. The CRC gen- 
erator must be reset to all I's at the beginning of each 
frame before CRC computation has begun. The CRC 
computation starts on the first data character loaded 
from the CPU and continues until the last data charac- 
ter. The CRC generated is inverted before it is sent on 
the Tx Data line. 

Transmit Termination 

A successful transmission can be terminated by issuing 
a "Reset Transmit Interrupt/DMA Pending" com- 
mand, as discussed earlier. However, the transmitter 
may be disabled any time during the transmission and 
the results will be as shown in Figure 12. 

RECEIVE IN INTERRUPT MODE 

The receiver has to be initialized into the appropriate 
receive mode (see sample program later in this applica- 
tion note). The receiver must be programmed into Hunt 
Mode (WR3: D4) before it is enabled (WR3: DO). The 
receiver will remain in the Hunt Mode until a flag (or 
sync character) is received. While in the SDLC/Bi- 
sync/Monosync mode, the receiver does not enter the 
Hunt Mode unless the Hunt bit (WR3, D4) is set again 
or the receiver is enabled again. 
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SDLC Address byte is stored in WR6. A global address 
(FFH) has been hardwired on the MPSC. In address 
search mode (WR3: D2 = 1), any frame with address 
matching with the address in WR6 will be received by 
the MPSC. Frames with global address (FFH) will also 
be received, irrespective of the condition of address 
search mode bit (WR3: D2). In general receive mode 
(WR3: D2 = 0), all frames will be received. 



Transmitter 
Disabled during 


Resuit 


1 . Data Transmission 


Tx Data will send idle 
characters* which will be 
zero inserted. 


2. CRC Transmission 


16 bit transmission, 
corresponding to 1 6 bits of 
CRC will be completed. 
However, flag bits will be 
substituted in the CRC field. 


3. Immediately after 
issuing ABORT 
command. 


Abort will still be 
transmitted— output will be 
in the mark state. 



Figure 12. Transmitter Disabled 
During Transmission 



*NOTE: 

Idle characters are defined as a string of 15 or more 
contiguous ones. 

Since the MPSC only recognizes single byte address 
field, extended address recognition will have to be done 
by the CPU on the data passed on by the MPSC. If the 
first address byte is checked by the MPSC, and the 
CPU determines that the second address byte does not 
have the correct address field, it must set the Hunt 
Mode (WR3: D2 = 1) and the MPSC will start search- 
ing for a new address byte preceded by a flag. 



Programmable Interrupts 

The receiver may be programmed into any one of the 
four modes. See Figure 13 for details. 
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Rx Interrupt Mode 
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D3 
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Rx INT/DMA disable 
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1 


Rx INT on first character 


1 


0 


INT on all Rx characters 
(Parity affects vector) 


1 


1 


INT on ail Rx characters 
(Parity does not affect vector) 



Figure 13. Receiver Interrupt Wio6es 



All receiver interrupts can be disabled by WRl: D4 D3 
= 00. Receiver interrupt on first character is normally 



used to start a DMA transfer or a block transfer se- 
quence using WAIT to synchronize the data transfer to 
received or transmitted data. 

External Status Interrupts 

Any change in CD input or Abort detection in the re- 
ceived data, will generate an interrupt if External Status 
Interrupt was enabled (WRl: DO). 

Special Receive Conditions 

The receiver buffer is quadruply buffered. If the CPU 
fails to respond to "receive character" available inter- 
rupt within a period of three byte times (received 
bytes), the receiver buffer will overflow and generate an 
interrupt. Finally, at the end of the received frame, an 
interrupt will be generated when a valid ending flag has 
been detected. 



Receive Character Length 

The receive character length (6, 7 or 8 bits/character) 
may be changed during reception. However, to ensure 
that the change is effective on the next received charac- 
ter, this must be done fast enough such that the bits 
specified for the next character have not been assem- 
bled. 



CRC Checking 

The opening flag in the frame resets the receive CRC 
generator and any field between the opening and clos- 
ing flag is checked for the CRC. In case of a CRC 
error, the CRC/Framing Error bit in status register 1 is 
set (RRl : D6 = 1). Receiver CRC may be disabled/en- 
abled by WR3,D3. The CRC bytes on the received 
frame are passed on to the CPU just like data, and may 
be discarded by the CPU. 

Receive Terminator 

An end of frame is indicated by End of Frame inter- 
rupt. The CPU may issue an "Error Reset" command 
to reset this interrupt. 

DMA (Direct Memory Access) Mode 

The 8274 can be interfaced directly to the Intel DMA 
Controllers 8237A, 8257A and Intel I/O Processor 
8089. The 8274 can be programmed into DMA mode 
by setting appropriate bits in WR2A. See Figure 1 1 for 
details. 



2-395 



AP-145 



TRANSMIT IN DMA MODE 

After initializing the 8274 into the DMA mode, the 
first character must be loaded fi'om the CPU to start 
the DMA cycle. When the first data character (may be 
the address byte in SDLC) is transferred from the 
transmit buffer to the transmit serial shift register, the 
transmit buffer gets empty and a transmit DMA re- 
quest (TxDRQ) is generated for the channel. Just like 
the interrupt mode, to ensure that the CRC bytes are 
included in the frame, the transmit under-run/EOM 
latch must be reset. This should preferably be done af- 
ter loading the first character from the CPU. The 
DMA will progress without any CPU intervention. 
When the DMA controller reaches the terminal count, 
it will not respond to the DMA request, thus letting the 
MPSC under-run. This will ensure CRC transmission. 
However, the under-run condition will generate an in- 
terrupt due to the Tx under-run/EOM bit getting set 
(RRO: D6). The CPU should issue a "Reset Txint/ 
DRQ pending" command to reset TxDRQ and issue a 
"Reset External Status" command to reset Tx Under- 
run/EOM interrupt. Following the CRC transmission, 
flag (TEH) will be loaded into the transmit buffer. This 
will also generate the TxDRQ since the transmit buffer 
is empty following the transmission of the CRC byt^s. 
The CPU may issue a "Reset TxINT/DRQ pending'* 
command to reset the TxDRQ. "Reset TxINT/DRQ 
pending" command must be issued before setting up 
the transmit DMA channel on the DMA Controller, 
otherwise the MPSC will start the DMA transfer im- 
mediately after the DMA channel is set up. 

RECEIVE IN DMA MODE 

The receiver must be programmed in RxINT on first 
receive character mode (WRl: D4 D3 = 0 1). Upon 
receiving the first character, which may be the address 
byte in SDLC, the MPSC generates an interrupt and 
also generates a Rx DMA Request (Rx DRQ) for the 
appropriate channel. The CPU has three byte times to 
service this interrupt (enable the DMA controller, etc.) 
before the receiver buffer will overflow. It is advisable 
to initialize the DMA controller before receiving the 
first character. In case of high bit rates, the CPU will 
have to service the interrupt very fast in order to avoid 
receiver over-run. 

Once the DMA is enabled, the received data is trans- 
ferred to the memory under DMA control. Any re- 
ceived error conditions or external status change condi- 
tion will genef ate an interrupt as in the interrupt driven 
mode. The End of Frame is indicated by the End of 
Frame interrupt which i^ generated on reception of the 
closing flag of the SDLC frame. This End of Frame 
condition also disables the Receive DMA request. The 



End of Fram^ interrupt m^y be reset by issuing an ** Er- 
ror Reset" command to the MPSC. The "Error Reset" 
command also re-enables, the Receive DMA request. It 
may be noted that the End of Frame condition sets bit 
D7 in RRl. This bit gets reset by "Error Reset" com- 
mand. However, End of Frame bit (RRl: D7) can also 
be reset by the flag of the next incoming frame. For 
proper operation. Error Reset Command should be is- 
sued "after" the End of Frame Bit (RRl: D7) is set. In 
a more general case, "Error Reset" command should be 
issued after End of Frame, Receive over-run or Receive 
parity bit are set in RRl. 



Wait Mode 

The wait mode is normally used for block transfer by 
synchronizing the data transfer through the Ready out- 
put from the MPSC, which may be connected to the 
Ready input of the CPU. The mode can be pro- 
grammed by WR 1, D7 ps and may be programmed 
separately and independently on CH A and CH B. The 
Wait Mode will be operative if the following conditions 
are satisfied. 

(i) Interrupts are enabled. 

(ii) Wait Mode is enabled (WRl: D7) 

(iii) CS = 0, Al = 0 

The RDY output becomes active when the transmitter 
buffer is full or receiver buffer is empty. This way the 
RDY output from the MPSC can be used to extend the 
CPU read and write cycle by inserting WAIT states. 
RDYa or RDYb are in high impedance state when the 
corresponding channel is not selected. This makes it 
possible to connect RDYa and RDYb outputs in wired 
OR configuration. Caution must be exercised here in 
using the RDY outputs of the MPSC or else the CPU 
may hang up for indefinite period. For example, let us 
assume that transmitter buffer is full and R DYa i s ac- 
tive, forcing the CPU into a wait state. If the CTS goes 
inactive during this period, the RDYa Will remain ac- 
tive for indefinite period and CPU will continue to in- 
sert wait states. 



Vectored/Non-Veptored Mode 

The MPSC is capable of providing an interrupt vector 
in response to the interrupt acknowledge sequence from 
the CPU. WR2, CH B contains this vector and the 
vector can be read in status register RR2. WR2, CH A 
(bit D5) can program the MPSC in vectored or non- 
vectored mode. See Figure 14 for details. 
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In both cases, WR2 may still have the vector stored in 
it. However, in vectored mode, the MPSC will put the 
vector on the data bus in response to the INTA (Inter- 
rupt Acknowledge) sequence as shown in Figure 15. In 
non-vectored mode, the MPSC will not respond to the 
INTA sequence. However, the CPU can read the vec- 
tor by polling Status Register RR2. WR2A, D4 and D3 
can be programmed to respond to 8 085 or 8086 INTA 
sequence. It may be noted here that IPI (Interrupt Pri- 
ority In) pin on the MPSC must be active for the vector 
to appear on the data bus. 



WR2A, D5 


Interrupt Mode 


0 
1 


Non-vectored Interrupt 
Vectored Interrupt 



Figure 14. Vectored Interrupt 



STATUS AFFECT VECTOR 

The Vector stored in WR2B can be modified by the 
source of the interrupt. This can be done by setting the 
Status Affect Vector bit (WRl: D2). This powerful fea- 
ture of the MPSC provides fast interrupt response time, 
by eliminating the need of writing a routine to read the 
status of the MPSC. Three bits of the vector are modi- 
fied in eight different ways as shown on Figure 16. Bits 
V4, V3, V2 are modified in 8085 based system and bits 
V2, VI, VO are modified in 8086/88 based system. 

In non-vectored mode, the status affect vector mode 
can still be used and the vector read by the CPU. Status 
register RR2B (Read Register 2 in Channel B) will con- 
tain this modified vector. 
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Figure 15. MPSC Vectored Interrupts 



(8085 V4 V3 V2 
(8086) V2 VI VO 


Channel 


Interrupt Source 


0 0 0 
0 0 1 
0 1 0 
0 1 1 


B 


Tx Buffer Empty 
EXT/STAT Change 
RX CHAR Available 
Special Rx Condition 


1 0 0 
1 0 1 
1 1 0 

1 1 1 


A 


Tx Buffer Empty 
EXT/STAT Change 
RX CHAR Available 
Special Rx Condition 



Rx Special Condition: Parity Error, Framing Error, Rx Over-run Error, EOF (SDLC). 

EXT/STAT Change: Change in Modem Control Pin Status: CIS, DCD, SYNC, EOM, Break/ Abort Detection. 

Figure 16. Status Affect Vector Mode 
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Figure 17. Functional Blocic Diagram— iSBC® 88/45 



APPLICATION EXAMPLE 

This section describes the hardware and software of an 
8274/8088 system. The hardware vehicle used is the 
INTEL Single Board Computer iSBC 88/45— Ad- 
vanced Communication Controller. The software 
which exercises the 8274 is written in PLM 86. This 
example will demonstrate how 8274 can be configured 
into the SDLC mode and transfer data through DMA 
control. The hardware example will help the reader 
configure his hardware and the software examples will 
help in developing an application software. Most soft- 
ware examples closely approximate real data link con- 
troller software in the SDLC communication and may 
be used with very little modification. 



ISBC® 88/45 

A brief description of the iSBC 88/45 board will be 
presented here. For more detailed information on the 



board and the schematics, refer to Hardware Manual 
for the iSBC 88/45, Advanced Communication Con- 
troller. iSBC 88/45 is an intelligent slave/multimaster 
communication board based on the 8088 processor, the 
8274 and the 8273 SDLC/HDLC controller. Figure 17 
shows the functional block diagram of the board. The 
iSBC 88/45 has the following features. 

• 8 MHz processor 

• 16K bytes of static RAM (12K dual port) 

• Multimaster/Intelligent Slave Multibus Interface 

• Nine Interrupt Levels 8259A 

• Two serial channels through 8274 

• One Serial channel through 8273 

• S/W programmable baud rate generator 

• Interfaces: RS232, RS422/449, CCITT V.24 

• 8237A DMA controller 

• Baud Rate to 800K Baud 
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INITIAL! ZE_8274. PROCEDURE PUBLIC, 

/*<»««»«*«**<»*««*««««*«««**«#««««'»#*»*««#*«»««*««««'«««««*»**««««««««««««««/ 



/* 






*/ 


/« 


INITIALIZE THE B274 FOR SDLC MODE 


*/ 


/♦ 






♦ / 


/* 


1 


RESET CHANNEL 


*/ 


/* 


2. 


EXTERNAL INTERRUPTS ENABLED 


*/ 


/•» 


3 


NO WAIT 


#/ 


/♦ 


4 


PIN 10 » RTS 


*/ 


/♦ 


5 


NON-VECTORED INTERRUPT-8086 MODE 


*/ 


/♦ 


6 


CHANNEL A DMA, CH B INT 


»/ 


/» 


7. 


TX AND RX ■ 8 BITS/CHAR 


«/ 


/* 


9 


ADDRESS SEARCH MODE 


♦ / 


/♦ 


10 


CD AND CTS AUTO ENABLE 


*/ 


/♦ 


11 


XI CLOCK 


*/ 


/♦ 


12 


NO PARITY 


*/ 


/♦ 


13 


SDLC/HDLC MODE 


«/ 


/♦ 


14. 


RTS AND DTR 


*/ 


/» 


15. 


CCITT - CRC 


*/ 


/# 


16 


TRANSMITTER AND RECEIVER ENABLED 


»/ 


/« 


17 


7EH « FLAG 


*/ 


/♦ 






*/ 



/***««**«****««*#**««#*««««««»****«*»«'««««««««««#«»««««•»«**«■«««««««■<«'«»•»««/ 
DECLARE C BYTE, 

/♦ TABLE TO INITIALIZE THE 8274 CHANNEL A AND B ♦/ 
/♦ FORMAT IS- WRITE REGISTER, REGISTER DATA */ 
/♦ INITIALIZE CHANNEL A ONLY */ 

DECLARE TABLE_74_A(») BYTE DATA 



<00H, 18H, 


/* 


CHANNEL RESET «/ 


OOH, BOH, 


/* 


RESET TX CRC ♦/ 


02H, IIH, 


/« 


PIN lO-RTSB, A DMA, B INT */ 


04H, 20H, 


/» 


SDLC/HDLC MODE, NO PARITY ♦/ 


07H, 07EH, 


/» 


SDLC FLAG ♦/ 


OIH, OBH. 


/* 


RX DMA ENABLE */ 


05H, OEBH, 


/» 


DTR, RTS, 8 TX BITS, TX ENABLE,*/ 




/» 


SDLC CRC, TX CRC ENABLE »/ 


06H, 55H, 


/* 


DEFAULT ADDRESS */ 


03H, 0D9H, 


/» 


8 RX BITS, AUTO ENABLES, HUNT MODE, ♦/ 




/* 


RX CRC ENABLE »/ 


OFFH ) , 


/♦ 


END OF INITIALIZATION TABLE ♦/ 


TABLE_74_B ( « ) 


BYTE 


DATA 


(02H, OOH, 


/♦ 


INTERRUPT VECTOR */ 


OIH, ICH, 


/♦ 


STATUS AFFECTS VECTOR */ 


OFFH ) , 


/♦ 


END «/ 



/♦ INITIALIZE THE 8274 ♦/ 

C=0, 

DO WHILE TABLE 74_B<C) O OFFH, 

OUTPUT (C0MMAND_B_74) = TABLE_74_B ( C ) , 
C=C + 1, 

OUTPUT (C0MMAND_B_74) »= TABLE_74_B < C ) , 
C=C + 1, 

END, 
C=0, 

DO WHILE TABLE_74_A(C) O OFFH, 

OUTPUT (C0MMAND_A_74) = TABLE_74_A ( C ) , 
C=C+1, 

OUTPUT (C0MMAND_A_74> = TABLE_74_A ( C) , 

,C=C-H, 

END, 
RETURN, 

END INITIALIZE_8274, 
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Figure 18. Typical IViPSC SDLC Initiaiization Sequence 
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For this application, the CPU is run at 8 MHz. The 
board is configured to operate the 8274 in SDLC opera- 
tion with the data transfer in DMA mode using the 
8237A. 8274 is configured first in non-vectored mode in 
which case the INTEL Priority Interrupt Controller 
8259A is used to resolve priority between various inter- 
rupting sources on the board and subsequently inter- 
rupt the CPU. However, the vectored mode of the 8274 
is also verified by disabling the 8259A and reading the 
vectors from the 8274. Software examples for each case 
will be shown later. 

The application example is interrupt driven and uses 
DMA for all data transfers under 8237A control. The 
8254 provides the transmit and receive clocks for the 
8274. The 8274 was run at 400K baud with a local 
loopback (jumper wire) on Channel A data. The board 
was also run at 800K baud by modifying the software 
as will be discussed later in the Special Applications 
section. One detail to note is that the Rx Channel 
DMA request line from the 8274 has higher priority 
than the Tx Channel DMA request line. The 8274 mas- 
ter clock was 4.0 MHz. The on-board RAM is used to 
define transmit and receive data buffers. In this applica- 
tion, the data is read from memory location 800H 
through 81 OH and transferred to memory location 
900H to 910H through the 8274 Serial Link. The o per- 
atio n is full duplex. 8274 modem control pins, CTS and 
CD have been tied low (active). 



Software 

The software consists of a monitor program and a pro- 
gram to exercise the 8274 in the SDLC mode. Appen- 
dix A contains the entire program listing. For the sake 
of clarity, each source module has been rewritten in a 
simple language and will be discussed here individually. 
Note that some labels in the actual listings in the Ap- 
pendix will not match with the labels here. Also the 
listing in the Appendix sets up some flags to communi- 
cate with the monitor. Some of these flags are not ex- 
plained in detail for the reason that they are not perti- 
nent to this discussion. The monitor takes the com- 
mand from a keyboard and executes this program, log- 
ging any error condition which might occur. 



8274 Initialization 

The MPSC is initialized in the SDLC mode for Chan- 
nel A. Channel B is disabled. See Figure 18 for the 
initialization routine. Note that WR4 is initialized be- 
fore setting up the transmitter and receive parameters. 
However, it may also be pointed out that other than 
WR4, all the other registers may be programmed in any 
order. Also SDLC-CRC has been programmed for cor- 
rect operation. An incorrect CRC selection will result 
in incorrect operation. Also note that receive interrupt 



on first receive character has been programmed al- 
though Channel A is in the DMA mode. 



Interrupt Routines 

The 8274 interrupt routines will be discussed here. On 
an 8274 interrupt, program branches off to the "Main 
Interrupt Routine". In main interrupt routine, status 
register RR2 is read. RR2 contains the modified vector. 
The cause of the interrupt is determined by reading the 
modified bits of the vector. Note that the 8274 has been 
programmed in the non-vectored mode and status af- 
fects vector bit has been set. Depending on the value of 
the modified bits, the appropriate interrupt routine is 
called. See Figure 19 for the flow diagram and Figure 
20 for the source code. Note that an End of Interrupt 
Command is issued after servicing the interrupt. This is 
necessary to enable the lower priority interrupts. 

Figure 21 shows all the interrupt routines called by the 
Main Interrupt Routine. "Ignore-Interrupt" as the 
name implies, ignores any interrupts and sets the FAIL 
flag. This is done because this program is for Channel 
A only and we are ignoring any Channel B interrupts. 
The important thing to note is the Channel A Receiver 
Character available routine. This routine is called after 
receiving the first character in the SDLC frame. Since 
the transfer mode is DMA, we have a maximum of 
three character times to service this interrupt by en- 
abling the DMA controller. 



8274 
INTERRUPTS 



READ STATUS 
REGISTER RR2 



CHECK FOR BITS 
V2V1V0 



IF V2V1V0 = 0, CALL IGNORE - INTERRUPT 

IF V2V1V0 == 1, CALL IGNORE - INTERRUPT 

IF V2V1V0 = 2, CALL CHB Rx CHAR 

IF V2V1V0 = 3, CALL IGNORE - INTERRUPT 

IF V2V1V0 = 4, CALL IGNORE - INTERRUPT 

IF V2V1V0 - 5, CALL CHA - EXTERNAL CHANGE 

INTERRUPT 
IF V2V1V0 = 6, CALL CHA Rx CHAR 
IF V2V1V0 = 7, CALL CHA Rx SPECIAL 



ISSUE EOl 
COMMAND 



RETURN 



Figure 19. Interrupt Response Flow Diagram 
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/««««*«««*««*««*«««»*«*««««/ 




/» MAIN INTERRUPT ROUTINE «/ 




/#»#*♦#♦♦#»#»♦#«##«♦♦#»#»«#/ 




OUTPUT (COMMAND 


B 74) - 2> /* SET POINTER TO 2«/ 




TEMP ■ INPUT<STATUS_B_74) AND 07H< /» READ INTERRUPT VECTOR ♦/ 






/* CHECK FOR CHA INT ONLY*/ 




/* FOR THIS APPLICATION CH B INTERRUPTS ARE IGNORED*/ 




DO CASE TEMP; 






CALL 


IGNORE INTj /* V2V1V0 - 000#/ 




CALL 


IONORE_INTi /» V2V1V0 - 001»/ 




CALL 


CHB RX CHAR. /♦ V2V1V0 » 010*/ 




CALL 


IGNORE INT, /* V2V1V0 » Oil*/ 




CALL 


IGNORE INTj /* V2V1V0 « 100*/ 




CALL 


CHA EXTERNAL CHANGE; /* V2V1V0 - 101*/ 




CALL 


CHA_RX CHAR J /* V2V1V0 - 110*/ 




CALL 


CHA_RX_SPECIAL» /* V2VIV0 - 111*/ 




END; 






OUTPUT (COMMAND 


_A_74) -3SHi /* END OF INTERRUPT FOR 8274 */ 




RETURNi 






END INTERRUPT_a274i 
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Figure 20. Typical li/lain Interrupt Routine 



/*****««»***«««#«■**«««*«««•«*«*««»»«»«.««»*»«««.««»««.««.»«/ 

/* CHANNEL A EXTERNAL/STATUS CHANGE INTERRUPT HANDLER */ 
/**»«»«*««*«««*««*«***«*«*«««««*«««*««.«««*«»«»«»«,««««»«/ 

CHA_EXTERNAL_CHANGE- PROCEDURE; 

TEMP « tNPUT{STATU8_A 74); /* STATUS REG 1*/ 

IF (TEMP AND END_OF.TX_MESSAGE ) « END OF_TX MESSAGE THEN 
TXDONE_S-DONE; 

ELSE DO; 

TXDONE S«DONE; 
RESULTS_S-FAILi 
END; 

OUTPUT (C0MMAND_A_74) - lOH, /♦ RESET EXT/STATUS INTERRUPTS */ 

RETURN, 

END CHA_EXTERNAL_CHANOE; 

/«****#**»***■»»»«»»*»*««»«#*««**««*#«**«««««««*««»«««««.«.«««/ 
/* CHANNEL A SPECIAL RECEIVE CONDITIONS INTERRUPT HANDLER */ 
/«**«»»»***«»*««*»»»«**«*«»««»«««*«»»*»«#«**««««««««««.«.««««/ 

CHA_RX_SPECIAL: PROCEDURE; 

OUTPUT (C0MMAND_A_74) ■ 1, 
TEMP » INPUT (STATUS A 74), 

IF (TEMP AND END_OF_FRAME ) - END OF_FRAME THEN 
DO, 

IF (TEMP AND 040H) = 040H THEN 

RESULTS S » FAIL; /* CRC ERROR */ 

RXDONE_S = DONE; 

OUTPUT (COMMAND A 74) = 30H; /*eRROR RESET*/ 
END; 

ELSE DO, 

IF (TEMP AND 20H) = 20H THEN DO, 

RESULTS_S » FAIL; /* RX OVERRUN ERROR*/ 

RX DONERS » DONE, 

0UTPUtTC0MMAND_A_74 ) » 30H, /*ERROR RESET*/ 
END; 
END; 

RETURN, 

END CHA_RX .SPECIAL, 

/«*«■«»***«*««»««««*«*«««»««.«««««««»«««««««/ 
/* CHANNEL A RECEIVE CHARACTER AVAILABLE »/ 
/*****»***»«**»*«»»*«*««»«»*«««««»»««««»««/ 

CHA_RX_CHAR PROCEDURE; 

OUTPUT (SINOLE.MASK) - CHO_SEL. /♦ENABLE RX DMA CHANNEL*/ 

RETURN; 

END CHA RX CHAR. 
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Figure 21. 8274 Typical Interrupt Handling Routines 
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It may be recalled that the receiver buffer is three bytes 
deep in addition to the receiver shift register. At very 
high data rates, it may not be possible to have enough 
time to read RR2, enable the DMA controller without 
overrunning the receiver. In a case like this, the DMA 
controller may be left enabled before receiving the Re- 
ceive Character Interrupt. Remember, the Rx DMA 
request and interrupt for the receive character appears 
at the same time. If the DMA controller is enabled, it 
would service the DMA request by reading the received 
character. This will make the 8274 interrupt line go 
inactive. However, the 8259A has latched the interrupt 
and a regular interrupt acknowledge sequence still oc- 
curs after the DMA controller has completed the trans- 
fer and given up the bus. The 8259 A will return Level 7 
interrupt since the 8274 interrupt has gone away. The 
user software must take this into account, otherwise the 
CPU will hang up. 

The procedure shown for the Special Receive Condition 
Interrupt checks if the interrupt is due to the End of 
Frame. If this is not TRUE, the FAIL flag is set and 
the program aborted. For a real life system, this must 



CHAJDLCJEST. PROCEDURE BYTE PUBLIC) 






CALL ENABLE_INTERRUPTS S, 






CALL INI T 8274 SDLC S," 






ENABLE; 






OUTPUT (COMMAND.A 74) = 28Hi /* RESET TX INT/DMA 


#/ 




OUTPUT(COMMAND B 74) = 28Hi /» BEFORE INITIALIZING 8237#/ 




CALL INIT 8237 S, 






OUTPUT (DATA.AJ4) « 55H. /#LOAD FIRST CHARACTER FROM »/ 




/*CPU #/ 






/« TO ENSURE CRC TRANSMISSION, RESET TX UNDERRUN LATCH 


»/ 




OUTPUT {C0MMAND_AJ4) = OCOHi 






RXDONEJ. TXDONeJ=NOT^DONE. /* CLEAR ALL FLAGS 


*/ 




RESULTS S=PASSi' /« FLAG SET FOR MONITOR 


»/ 




DO WHILE TXD0NE>N0T DONE, /» DO UNTIL TERMINAL COUNT 


♦/ 




END. 






DO WHILE(INPUT{STATUS A 74) AND 04H) O 04H, 






/# WAIT FOR CRC TO SET TRANSMITTED »/ 






/« TEST FOR TX BUFFFER EMPTY TO VERIFY THIS*/ 






END, 






DO WHILE RXDONEJ=NOT DONEi /# DO UNTIL TERMINAL COUNT 






ENDi 






CALL STOP 8237 Si 






END CHA SDLC TEST; 
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Figure 22. Typical 82/4 Transmit/Receive Set-Up in SDLC iy/lode 



be followed up by error recovery procedures which ob- 
viously are beyond the scope of this Application Note. 

The transmission is terminated when the End of Mes- 
sage (RRO, D6) interrupt is generated. This interrupt is 
serviced in the Channel A External/Status Change in- 
terrupt procedure. For any other change in external 
status conditions, the program is aborted and a FAIL 
flag set. 



Main Program 

Finally, we will briefly discuss the main program. Fig- 
ure 22 shows the source program. It may be noted that 
the Transmit Under-run latch is reset after loading the 
first character into the 8274. This is done to ensure 
CRC transmission at the end of the frame. Also, the 
first character is loaded from the CPU to start DMA 
transfer of subsequent data. This concludes our discus- 
sion on hardware and software example. Appendix A 
also includes the software written to exercise the 8274 
in the vectored mode by disabling the 8259A. 
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Figure 23. 8274 Daisy Cliain Vectored Mode 



SPECIAL APPLICATIONS 

In this section, some special application issues will be 
discussed. This will be useful to a user who may be 
using a mode which is possible with the 8274 but not 
explicitly explained in the data sheet. 



MPSC Daisy Chain Operation 

Multiple MPSCs can be connected in a daisy-chain 
configuration (see Figure 23). This feature may be use- 
ful in an application where multiple communication 
channels may be required and because of high data 
rates, conventional interrupt controller is not used to 
avoid long interrupt response times. To configure the 
MPSCs for the d aisy chain operation, the interrupt pri- 
ority input pins (IPI) and interrupt priority output pins 
(IPO) of the MPSC should be connected as shown. The 
highest priority device has its IPI pin connected to 
ground. Each MPSC is programmed in a vectored 
mode with status affects vector bit set. In the 8085 basic 
systems, only one MPSC should be programmed in the 
8085 Mode 1. This is the MPSC which will put the call 
vector (CD Hex) on the data bus in response to the first 
INTA pulse (see Figure 15). It may be pointed out that 
the MPSC in 8085 Mode Jjwill provide the call Vector 
irrespective of the state of IPI pin. O nce a higher priori- 
ty MPSC generates an interrupt, its IPO pin goes inac- 
tive thus preventing lower priority MPSCs from inter- 
rupting the CPU. Preferably the highest priority MPSC 
should be programmed in 8085 Mode 1. It may be re- 
called that the Priority Resolve Time on a given MPSC 
extends from the falling edge of the fi rst INTA pulse to 
the falling edge of the second INTA pulse. During this 
period, no new internal interrupt requests are accepted. 
The maximum number of the MPSCs that can be con- 
nected in a daisy chain is limited by the Priority Reso- 
lution Time. Figure 24 shows a maximum number of 
MPSCs that can be connected in various CPU systems. 



It may be pointed out that lOP to IPI delay time speci- 
fication is 100 ns. 



System 
Configuration 


Priority 
Resolution Time 
mn (ns) 


Number of 8274s 
Daisy Chained 
(Max) 


8066-1 


400 


4 


8086-2 


500 


5 


8086 


800 


8 


8088 


800 


8 


8085-2 


1200 


12 


8085A 


1920 


19 



NOTE: 

Zero wait states have been assumed. 

Figure 24. 8274 Daisy Chain Operation 



Bisync Transparent Communication 

Bisync applications generally require that data trans- 
parency be established during communication. This re- 
quires that the special control characters may not be 
included in the CRC accumulation. Refer to the Syn- 
chronous Protocol Overview section for a more detailed 
discussion on data transparency. The 8274 can be iised 
for transparent communication in Bisync communica- 
tions. This is made possible by the capability of the 
MPSC to selectively turnon/tumofF the CRC accumu- 
lation while transmitting or receiving. In bisync trans- 
parent transmit mode, the special characters (DLE, 
DLE SYN, etc) are excluded from CRC calculation. 
This can be easily accomplished by turning off the 
transmit CRC calculation (WR5: D5 = 0) before load- 
ing the special character into the transmit buffer. If the 
next character is to be included in the CRC accumula- 
tion, then the CRC can be enabled (WR5: D5 = 1). See 
Figure 25 for a typical flow diagram. 
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Figure 25. Transmit in Bisync Transparent Mode 

During reception, it is possible to exclude received 
character from CRC calculation by turning off the Re- 
ceive CRC after reading the special character. This is 
made possible by the fact that the received data is pre- 
sented to receive CRC checker 8 bit times after the 
character has been received. During this 8 bit times, the 
CPU must read the character and decide if it wants to 
be included in the CRC calculation. Figure 26 shows 
the typical flow diagram to achieve this. 

It should be noted that the CRC generator must be 
enabled during CRC reception. Also, after reading the 
CRC bytes, two more characters (SYNC) must be read 
before checking for CRC check result in RRl. 



Auto Enable Mode 

In some data communication applications, it may be 
req uired to enable the transmitter or the receiver when 
the CTS or the CD lines respectively, are activated by 
the modems. This may be done very easily by program- 
ming the 8274 into the Auto Enable Mode. The auto 
enable mode is set by writing a *r to WR3,D5. The 
function of this mode is to enable the transmitter auto- 
matically when. CTS goes active. The receiver i s en- 
abl ed w hen CD goes active. An in-active state of CTS 
or CD pin will disable the transmitter or the receiver 
respectively. However, the Transmit Enable bit 
(WR5:D3) and Receive Enable bit (WR3:D1) must be 
set in order to use the auto enable mode. In non-auto 
mode, the transmitter or receiver is enabled if the corre- 
sponding bits^ are set^in WR5 and WR3, irrespective of 
the state CTS or C D pins. It may be recalled that any 
transition on CTS or CD pin will generate External/ 
Status Interrupt with the corresponding bits set in 
RRl. This interrupt can be cleared by issuing a Reset 
External/Status interrupt command as discussed earli- 
er. 

Note that in auto enable mode, the character to be 
transmitted must be loaded into the transmit buffer af- 



J. E 

READ 
CHARACTER 



DISABLE 
Rx CRC 




^SPECIAL^ 
CHAR 



ENABLE 
RxCRC 



Figure 26. Receive in Bisync Transparent Mode 

ter the CTS becomes active, not before. A ny ch aracter 
loaded into the transmit buffer before the CTS became 
active will not be transmitted. 



High Speed DMA Operation 

In the section titled Application Example, the MPSC 
has been programmed to operate in DMA mode and 
receiver is programmed to generate an interrupt on the 
first receive character. You may recall that the receive 
FIFO is three bytes deep. On receiving the interrupt on 
the first receive character, the CPU must enable the 
DMA controller within three received byte times to 
avoid receiver over-run condition. In the application 
example, at 400K baud, the CPU had approximately 
60 jLLS to enable the DMA controller to avoid receiver 
buffer overflow. However, at higher baud rates, the 
CPU may not have enough time to enable the DMA 
controller in time. For example, at IM baud, the CPU 
should enable the DMA controller within approximate- 
ly 24 Jits to avoid receiver buffer overrun. In most appli- 
cations, this is not sufficient time. To solve this prob- 
lem, the DMA controller should be left enabled before 
getting the interrupt on the first receive character 
(which is accompanied by the Rx DMA request for the 
appropriate channel). This willT allow he DMA control- 
ler to start DMA transfer as soon as the Rx DMA 
request becomes active without giving the CPU enough 
time to respond to the interrupt on the first receive 
character. The CPU will respond to the interrupt after 
the DMA transfer has been completed and will find the 
8259A (see Application Example) responding with in- 
terrupt level 7, the lowest priority level. Note that the 
8274 interrupt request was satisfied by the DMA con- 
troller, hence the interrupt on the first receive character 
was cleared and the 8259A had no pending interrupt. 
Because of no pending interrupt, the 8259A returned 
interrupt level 7 in response to the INTA sequence 
from the CPU. The user software should take care of 
this interrupt. 
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PROGRAMMING HINTS 

This section will describe some useful programming 
hints which may be useful in program development. 

Asynchronous Operation 

At the end of transmission, the CPU must issue "Reset 
Transmit Interrupt/DMA Pending" command in WRO 
to reset the last transmit empty request which was not 
satisfied. Failing to do so will result in the MPSC lock- 
ing up in a transmit empty state forever. 



Non-Vectored Mode 

In non-vectored mode, the Interrupt Acknowledge pin 
(INTA) on the MPSC must be tied high through a pull- 
up resistor. Failing to do so will result in unpredictable 
response from the 8274. 



HDLC/SDLC Mode 

When receiving data in SDLC mode, the CRC bytes 
must be read by the CPU (or DMA controller) just like 
any other data field. Failing to do so will result in re- 
ceiver buffer overflow. Also, the End of Frame Inter- 
rupt indicates that the entire frame has been received. 
At this point, the CRC result (RR1:D6) and residue 
code (RR1:D3, D2, Dl) may be checked. 



Status Register RR2 

ChB RR2 contains the vector which gets modified to 
indicate the source of interrupt (see the section titled 
MPSC Modes of Operation). However, the state of the 
vector does not change if no new interrupts are generat- 
ed. The contents of ChB RR2 are only changed when a 
new interrupt is generated. In order to get the correct 
information, RR2 must be read only after an interrupt 
is generated, otherwise it will indicate the previous 
state. 



Initialization Sequence 

The MPSC initialization routine must issue a channel 
Reset Command at the beginning. WR4 should be de- 
fined before other registers. At the end of the initializa- 
tion sequence, Reset External/Status and Error Reset 
commands should be issued to clear any spurious inter- 
rupts which may have been caused at power up. 



Transmit Under-Run/EOM Latch 

In SDLC/HDLC, bisync and monosync mode, the 
transmit underrun/EOM must be reset to enable the 
CRC check bytes to be appended to the transmit frame 
or transmit message. The transmit under-run/EOM 
latch can be reset only after the first character is loaded 
into the transmit buffer. When the transmitter under- 
runs at the end of the frame, CRC check bytes are 
appended to the frame/message. The transmit under- 
run/EOM latch can be reset at any time during the 
transmission after the first character. However, it 
should be reset before the transmitter under-runs other- 
wise, both bytes of the CRC may not be appended to 
the frame/message. In the receive mode in bisync oper- 
ation, the CPU must read the CRC bytes and two more 
SYNC characters before checking for valid CRC result 
in RRl. 



Sync Character Load Inhibit 

In bisync/monosync mode only, it is possible to prevent 
loading sync characters into the receive buffers by set- 
ting the sync character load inhibit bit (WR3:D1 = 1). 
Caution must be exercised in using this option. It may 
be possible to get a CRC character in the received mes- 
sage which may match the sync character and not get 
transferred to the receive buffer. However, sync charac- 
ter load inhibit should be enabled during all pre-frame 
sync characters so the software routine does not have to 
read them from the MPSC. 

In SDLC/HDLC mode, sync character load inhibit bit 
must be reset to zero for proper operation. 

EOl Command 

EOI command can only be issued through channel A 
irrespective of which channel had generated the inter- 
rupt. 



Priority In DMA Mode 

There is no priority in DMA mode between the follow- 
ing four singals: TxDRQ(CHA), RxDRQ(CHA), 
TxDRQ(CHB), RxDRQ(CHB). The priority between 
these four signals must be resolved by the DMA con- 
troller. At any given time, all four DMA channels from 
the 8274 are capable of going active. 
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APPENDIX A 
APPLICATION EXAMPLE: SOFTWARE LISTINGS 



PL/M-86 COHPILER iSBC 88/49 8274 CHANNEL A SDLC TEST 

SERIES-III PL/M-B6 V2 0 COMPILATION OF MODULE INIT_8274 S 
OBJECT MODULE PLACED IN : Fl . SINI74. OBJ 

COMPILER INVOKED BY. PLM86. 86 Fl SINI74 PLM TITLEdSBC 88/45 8274 CHANNEL 
A SDLC TEST) COMPACT NOINTVECTOR ROM 



/« 






«/ 


/♦ 


INITIALIZE THE 8274 FOR SDLC MODE 


♦/ 


/« 






♦ / 


/♦ 


1 


RESET CHANNEL 


*/ 


/♦ 


2. 


EXTERNAL INTERRUPTS ENABLED 


*/ 


/♦ 


3 


NO WAIT 


*/ 


/# 


4 


PIN 10 " RTS 


*/ 


/» 


S. 


NON-VECTORED INTERRUPT-8086 MODE 


♦/ 


/♦ 


6 


CHANNEL A DMA. CH B INT 


*/ 


/♦ 


7. 


TX AND RX » 8 BITS/CHAR 


*/ 


/♦ 


9. 


ADDRESS SEARQH MODE 


«/ 


/♦ 


10. 


CD AND CTS AUTO ENABLE 


«/ 


/♦ 


11. 


XI CLOCK 


♦ / 


/♦ 


12 


NO PARITY 


#/ 


/♦ 


13. 


SDLC/HDLC MODE 


«/ 


/* 


14 


RTS AND DTR 


#/ 


/* 


15 


CCITT - CRC 


*/ 


/« 


16. 


TRANSMITTER AND RECEIVER ENABLED 


»/ 


/♦ 


17 


7EH » FLAO 


♦ / 


/« 






«/ 











INIT„8274_S: DO* 

♦ INCLUDE (.Fl- PORTS PLM) 

/»'«»««*«**««««-««*»««»»»*'»«««»«»«*««*«««««*#*««/ 
/♦ ♦/ 
/♦ ISBC 88/45 PORT ASSIGNMENTS «/ 

/♦ «/ 
/*«»»♦«»»»•»»♦»»»##♦*«»»«♦«»♦»»#»»»♦»♦*»«»#»♦#»/ 



1 « DECLARE LIT LITERALLY 'LITERALLY' 
/♦ 8237 A-5 PORTS •/ 





DECLARE CHO_ADDR 


LIT 


'OeOH 




CHO COUNT 


LIT 


'081H 




CH1_ADDR 


LIT 


'082H 




CHI COUNT 


LIT 


'083H 




CH2 ADDR 


LIT 


'084H 




CH2 COUNT 


LIT 


'085H 




CH3_APDR 


LIT 


'0e6H 




CH3 COUNT 


LIT 


'0e7H 




STATUS 37 


LIT 


'0B8H 




COMMAND 37 


LIT 


'oesH 




REQUEST REG„37 


LIT 


'089H 




SINSLE^MASK 


LIT 


'08AH 




M0DE_RE0_37 


LIT 


'08BH 



PL/M-86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 



CLR_BYTE_PTR„37 LIT , '08CH' 

TEMP RE0_37 LIT '08DH' 

MASTER CLEAR _37 LIT '08DH' 

ALL_MASK_37 LIT 'OSFH' 



/♦ 8254-2 PORTS ♦/ 

DECLARE CTR 00 LIT '090H' 

CTR^Ol LIT '091H' 

CTR„02 LIT '092H' 
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C0NTR0L0_54 


LIT 


'093H', 








STATUS0_54 


LIT 


' 093H ' $ 








CTR 10 


LIT 


'098H'» 








CTR_11 


LIT 


'099H', 








CTR12 


LIT 


'09AH'. 








CONTROL 1_54 


LIT 


'09BH', 








STATUS 1 54 


LIT 


'09BH'> 






m 


/♦ 8255 PORTS ♦/ 








5 


I - 


DECLARE PORTA 55 


LIT 


'OAOH'. 






a 


PORTB 55 


LIT 


'OAIH', 








P0RTC_55 


LIT 


'0A2H', 








C0NTR0L_55 


LIT 


'0A3H'; 






\ 


/* 8274 PORTS */ 








6 


1 - 


DECLARE DATA_A_74 


LIT 


'ODOH 








DATA B_74 


LIT 


'ODIH', 








8TATUS_A_74 


LIT 


'0D2H 'i 






■ 


COMMAND A 74 


LIT 


'0D2H'i 








STATUS_B_74 


LIT 


'0D3H'. 






■ 


C0MMAND_B_74 


LIT 


'0D3H'< 








/» 8259A PORTS «/ 








7 


1 - 


DECLARE STATUS P0LL_59 


LIT 


'OEOH', 








ICW1_59 


LIT 


'OEOH', 








0CM2 59 


LIT 


'OEOH'. 






IB 


0CW3 59 


LIT 


'OEOH'. 






■ 


OCWl 59 


LIT 


'OEIH'. 






as 


ICW2_59 


LIT 


'OEIH'. 






■ 


ICW3.59 


LIT 


'OEIH'. 








ICW4__59 


LIT 


'OEIH'. 








/♦ 8274 REGISTER BIT ASSIGNMENTS ♦/ 








/« READ REGISTER 0 »/ 








a 


1 - 


DECLARE RX_AVAIL 


LIT 


'OIH'. 








INT^PENDINC 


LIT 


'02H', 








TX EMPTY 


LIT 


'04H'. 








CARRIER_DETECT 


LIT 


'08H', 








SYNC HUNT 


LIT 


'lOH', 








CLEAR_TO SEND 


LIT 


'20H', 




PL/M- 


-86 COMPILER iSBC 88/45 8274 CHANNEL A 


SDLC TEST 








END OF TX MESSAGE LIT 


'40H'. 








BREAK_ABORT 


LIT 


'BOH'. 








/♦ READ REGISTER 1 »/ 








9 


1 ■ 


DECLARE ALL_SENT 


LIT 


'OIH', 








PArTtY ERROR 


LIT 


'lOH'. 








RX_OVERRUN 


LIT 


'20H'. 








CRC ERROR 


LIT 


'40H'. 








END_OF_FRAME 


LIT 


'SOH'J V , 








/# READ REGISTER 2 */ 








10 


1 « 


DECLARE TX B EMPTY 


LIT 


'OOH', 








ext3">.chanoe 


LIT 


'OIH'. 








RX B AVAIL 


LIT 


'02H'. 








RX_B ..SPECIAL 


LIT 


'03H'. 








TX_A_EMPTY 


LIT 


'04H'. 








EXT A CHANGE 


LIT 


'05H'. 








RX A AVAIL 


LIT 


'06H'. 








RX A SPECIAL 


LIT 


'07H'i 
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/♦ 8237 BIT ASSIGNMENTS ♦/ 




11 


1 


- 


DECLARE CHO_SEL LIT 'OOH'. 










CH1_SEL LIT 'OIH'. 










CH2_SEL LIT '02H'* 










CH3_SEL LIT '03H'. 










WRITE_XFER LIT '04H'. 










READ_XFER LIT '08H'» 










DEMAND_MODE LIT ' OOH ' . 








- 


SINOLE_MODE LIT '40H'. 










BLOCK_MODE LIT '80H'. 








- 


SET.MASK LIT '04H'> 




12 


1 




DELAY^S- PROCEDURE PUBLIC i 




13 


2 




DECLARE D WORDi 




14 


2 




D-0» 




15 


2 




DO WHILE D<800H) 




16 


3 




D«D+1) 




17 


3 




END' 




18 


2 




END DELAY^Si 




19 


1 




INIT_B274_SDLC_S PROCEDURE PUBLIC, 




20 


2 




DECLARE C BYTE* 










♦EJECT 




PL/M- 


86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC tEST 










/« TABLE TO INITIALIZE THE 8274 CHANNEL A AND B ♦/ 










/# FORMAT IS: WRITE REGISTER, REGISTER DATA ♦/ 










/» INITIALIZE CHANNEL ONLY •/ 




21 


2 




DECLARE TABLE_74_A(*> BYTE DATA 










(OOH. 18H, /♦ CHANNEL RESET ♦/ 










OOH. 80H, /♦ RESET TX CRC ♦/ 










02H, IIH, /* PIN lO-RTSB, A DMA, B INT */ 










04H. 20H, /• 8DLC/HDLC MODE. NO PARITY »/ 










07H, 07EH, /♦ SDLC FLAG #/ 










OIH, OBH, /♦ RX DMA ENABLE »/ 










05H. OEBH, /« DTR, RTS, 8 TX BITS, TX ENABLE, TX CRC ENABLE */ 










06H, 55H. /» DEFAULT ADDRESS ♦/ 










03H. 0D9H. /* 8 RX BITS, AUTO ENABLES, HUNT MODE, »/ 










/« RX CRC ENABLE */ 










OFFH), /♦ END OF INITIALIZATION TABLE «/ 




22 


2 




DECLARE TABLE_74 B<») BYTE DATA 










(02H. OOH, /♦ INTERRUPT VECTOR «/ 










OIH. ICH. /♦ STATUS AFFECTS VECTOR «/ 










OFFH>i /« END ♦/ 










/* INITIALIZE THE 8254 »/ 




23 


2 




OUTPUT ( C0NTR0L0_54 ) -36HJ 




24 


2 




OUTPUT <CTR 00) » L0W<20>» /* BAUD RATE « 400K_BAUD»/ 




25 


2 




OUTPUT <CTR_00) - HIGH(20)i /♦ BAUD RATE « 400K_BAUD*/ 










/# INITIALIZE THE 8274 «/ 




26 


2 




C-0. 




27 


2 




DO WHILE TABLE 74 B(C) O OFFHi 




28 


3 




OUTPUT (C0MMAND_B_74> « T^BLE_74_B ( C ) . 




29 


3 




C-C+1. 




30 


3 




OUTPUT <C0MMAND_B_74) » TABLE _74_B <C ) , 




31 


3 




C-C+lJ 




32 


3 




END,- 












210403-17 



2-408 




AP-145 



33 


2 


C-0, 






34 


2 


DO WHILE TABLE_74_A(C) <> OFFH. 






35 


3 


OUTPUT <C0MMAND_A_74) » TABLE_74_A< C ) , 






36 


3 


C»C+1» 






37 


3 


OUTPUT (COMMAND A 74) = TABLE 74 A<C), 






38 


3 


C-C+lJ 






39 


3 


END. 






40 


2 


CALL DELAY_S. 






41 


2 


RETURN. 






42 




END INIT 8274 SDLC S, 






43 


1 


END INIT 8274 S. 






PL/M- 


86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 






MODULE INFORMATION 








CODE AREA SIZE « 00A8H 168D 








CONSTANT 


AREA SIZE • OOOOH OD 








VARIABLE 


AREA SIZE « 0003H 3D 








MAXIMUM STACK SIZE - 0006H 6D 








213 LINES READ 








0 PROGRAM WARNINGS 








0 PROGRAM ERRORS 






END OF PL/M-86 COMPILATION 






PL/M- 


86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 






SERIES-III PL/M-86 V2 0 COMPILATION OF MODULE INIT 8237 CHA 






OBJECT MODULE 


PLACED IN .Fl SINI37 OBJ 






COMPILER INVOKED BY. PLM86. 86 . Fl SINI37 PLM TITLEdSBC 88/45 8274 CHANNEL A SDLC 






TEST) 


COMPACT 


NO I NT VECTOR ROM 










/«•««*»*'»«*««»«««*«**«**«*•««•««««««««««««#*«««««*«««#»«««««««*«««««»* 


»«♦/ 








/♦ 


*/ 








/* 8237 IKlITIALIZATION ROUTINE FOR DMA TRANSFER 


»/ 








/« 


♦ / 








/«««««*«««***««»««****«««*«*««««««*»««»*««««»««»«*«««#•**««««**««»*««»«««/ 




1 




INIT_8237_CHA. DO. 










«NOLIST 






12 


1 


INIT_8237_S PROCEDURE PUBLIC. 






13 


2 


OUTPUT ( MASTER _CLEAR 37)»0. 






14 


2 


OUTPUT (C0MMAND_37) » 20H, /♦ EXTENDED WRITE «/ 






IS 


2 


OUTPUT (ALL MASK 37) - OFH< /« MASK ALL REQUESTS */ 






16 


2 


OUTPUT (M0DE_RE0_37) « (SINGLE^MODE OR WRITE_XFER OR CHO_SEL). 






17 


2 


OUTPUT (M0DE_REG_37) « (SINGLE_MODE OR READ_XFER OR CH1_SEL), 






18 


2 


OUTPUT (CLR_BYTE_PTR_37) » 0. 






19 


2 


OUTPUT (CH0_ADDr7 = 00. /» RECEIVE BUFF AT 900H «/ 






20 


2 


OUTPUT (CHO^ADDR) « 09H. 






21 


2 


OUTPUT (CH0_C0UNT) « OHi 






22 


2 


OUTPUT (CHO_COUNT) =01. 






23 


2 


OUTPUT (CH1_ADDR) = 00. /» TRANSMIT BUFF AT BOOH */ 






24 


2 


OUTPUT ( CHI _ADDR) » 08Hi 






25 


2 


OUTPUT ( CHI _COUNT> * OlOH. 






26 


2 


OUTPUT ( CHI _COUNT) « OOH. 
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/♦ ENABLE TRANSFER #/ 

27 2 0UTPUT(SINOLE MASK) > CHI SEL« /« ENABLE TX DMA */ 

28 2 RETURN) 

29 2 END INIT_8237_Sj 

/« TURN OFF THE 8237 CHANNELS 0 AND 1 */ 

30 1 ST0P_8237_S PROCEDURE PUBLIC. 

31 2 OUTPUT (SINGLE MASK) « CHI SEL OR SET_MASKi 

32 2 OUTPUT < SINGLE MASK) - CHO_SEL OR 8ETJ1A8K. 

33 2 RETURN* 

34 2 END ST0P_8237 Si 
39 1 END INIT 8237 CHA; 



MODULE INFORMATION: 

CODE AREA SIZE - 004CH 76D 

CONSTANT AREA SIZE « OOOOH OD 

VARIABLE AREA SIZE « OOOOH OD 



PL/M~86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 



MAXIMUM STACK SIZE - 0002H 2D 

163 LINES READ 

0 PROGRAM WARNINGS 

0 PROGRAM ERRORS 

END OF PL/M-86 COMPILATION 



PI /M Sf- COriF'ILER il-iBC Q8/45 8274 CHANNEL A SDLC TEST 



StKlEr.-III PL/M-86 Vk' 0 COMPILATION OF MODULE INTR.8274.S 
OUJECf riODULE PLACED IN Fl SINTR OBJ 

COMPILER INVOKED DY PLM86 86 Fl SINTR Pl.M THLEdSBC 88/45 8274 CHANNEL 
A SDLC TEST) COMPACT NOINTVECTOR ROM 

/* */ 
/* 9274 INTERRUPT ROUTINE «/ 

/* c/ 
/ ♦**•»*«*««■»»*♦*»*»♦«•«••»•«#«»»»«♦««•#■)(•»#*•»(■•«•»■«■*/ 



14 
15 



intr_s274_s do, 
♦nolIst 

declare temp byte. 

declare vresults_s. txdone_s, rxdone_s) byte external, 
declare int_vec pointer at (140), 
declare int vec_store pointer, 
declare mask 59 byte, 

LIT 'OFFH', 
LIT 'OOH', 
LIT. 'OFFH', 
LIT 'OOH', 



DECLARE DONE 

NOT_DONE 

PASS 

FAIL 



/#■»«#««»#**##•#«»*»•»«»«**»#««/ 
/* IGNORE INTERRUPT HANDLER ♦/ 
/#**«»»****»»**•«•*#******#»***/ 

18 1 IGNORE_INT PROCEDURE. 

19 2 RESULTS„S = FAIL, 

20 2 RETURN, 

21 2 END IGNORE INT, 
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/«*«««««««#*«»#««««**««*««*«*«**«««»«*««»««««««*«*«*«««/ 








/« CHANNEL A EXTERNAL/STATUS CHANCE INTERRUPT HANDLER »/ 








PLJA CVTCDKIAI CLiAKI/^C BDn^milDC 

\-n«_t.A 1 tKNAL_Cr1AINwt rrtUCEDUREt 




23 


2 


TEMP » INPUT (STATUS A 74), /* STATUS REO 1»/ 




24 


2 


IF (TEMP AND END OF^TX MESSAGE) « END OF TX MESSAGE THEN 




25 


2 


TXDONE S=DQNE, 




26 


2 


ELSE DO, 




27 


3 


TXDONE_S»DONE, 




28 


3 


RESULTS_S-FAIL. 




29 


3 


END, 




30 


2 


OUTPUT (C0MMAND_A_74) - lOH. /# RESET EXT/STATUS INTERRUPTS #/ 




31 


2 


RETURN) 




32 


2 


END CHA_EXTERNAL_CHANOE. 








♦EJECT 




PL /ft 


■86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 








/«»#«#«««'«**«*«*««««*«*»««««#»»«««"»««»««**««««««««*«««*««»»/ 








/* CHANNEL A SPECIAL RECEIVE CONDITIONS INTERRUPT HANDLER «/ 








/«»*«*«**««*««««««««««««*«*«*«««*«**»«***«*»«««*«»««#«««*«•/ 




33 


1 


CHA_RX_SPECIAL PROCEDURE, 




34 


2 


OUTPUT (COMMAND A 74) » 1, 




35 


2 


TEMP = INPUT (STATUS_A 74 > i 




36 


2 


IF (TEMP AND END OF_FRAME) « END OF FRAME THEN 




37 


2 


DO, 




38 


3 


IF (TEMP AND 040H) « 040H THEN 




39 


3 


RESULTS S « FAIL. /« CRC ERROR »/ 




40 


3 


RX DONERS - DONE, 






3 


OUTPUT (COMMAND A 74) « 30H. /«ERROR RESET*/ 




42 


3 


END, 




43 


2 


ELSE DO, 




44 


3 


IF (TEMP AND 20H) » 20H THEN DO, 




46 


4 


RESULTS^S » FAIL, /* RX OVERRUN ERROR*/ 






4 


RXDONE_S » DONE, 




48 


4 


OUTPUT (COMMAND A 74) « 30H, /#ERROR RESET*/ 




49 


4 


END, 




50 


3 


END, 




51 


2 


RETURN, 






2 


END CHA_RX_SPECIAL, 








/ iHk**********************it*f ************** / 








/* CHANNEL A RECEIVE CHARACTER AVAILABLE */ 








/*****************************************/ 




53 


1 


CHA„RX_CHAR PROCEDURE, 




54 




OUTPUT(SINGLE MASK) «= CHO SEL, /»ENABLE RX DMA CHANNEL*/ 




55 




RETURN, 






2 


END CHA_RX_CHAR, 








♦EJECT 




PL/M- 
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/* ENABLE 8274 INTERRUPTS - SET UP THE 8259A */ 




57 


1 


ENABLE_INTERRUPTS_S PROCEDURE PUBLIC, 




58 


2 


DECLARE CHA_INT_ON LIT '0F7H', 




59 


2 


DISABLE, , 




60 


2 


CALL SET*INTERRUPT(39, INT_39), 
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61 


2 


INT_VEC._STORE = INT^VEC, 




62 


2 


INT„VEC = INTERRUPT*PTR ( INT 8274 S)> 




c3 




MASK_59 = INPUT (0CW1._59), 




c4 


2 


OUTPUT (aCWl_59) = MASK_59 AND CHA_INT_ON, 




65 


2 


RETURN. 




60 


2 


END ENABLE_INTERRUPTS_S, 








/» DISABLE 8274 INTERRUPTS - SET UP THE 8259A »/ 




67 


1 


DISABLE_INTERRUPTS„S PROCEDURE PUBLIC, 




68 


2 


DISABLE, 




69 




INT_VEC = INT_VEC_STORE, 




70 




OUTPUT (0CW1..59) = MASK_59, 




71 




ENABLE, 




72 




RETURN, 




73 




END DISABLE INTERRUPTS S» 








/* CHANNEL B RECEIVE CHARACTER AVAILABLE */ 




74 


1 


CHB_RX_CHAR PROCEDURE, 




75 




TEMP= INPUT ( DATA_B_74 ) , 




76 


2 


OUTPUT (C0MMAND_B_74) = 38H, 




77 


2 


RETURN, 




78 




END CHB_RX_CHAR, 








♦EJECT 




PL/M- 


86 


COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 
















/« MAIN INTERRUPT ROUTINE ♦/ 








/»*»»»»»»*♦«»*»♦«#«•»♦*»»»»/ 




79 


1 


INT_8274_S PROCEDURE INTERRUPT 35 PUBLIC, 




80 


2 


OUTPUT <C0MMAND_B_74) = 2, /* SET POINTER TO 2*/ 




81 


2 


TEMP = INPUT(STATUS_B_74) AND 07H, /» READ INTERRUPT VECTOR */ 








/* CHECK FOR CHA INT ONLY*/ 








/* FOR THIS APPLICATION CH B INTERRUPTS ARE IGNORED*/ 




82 


2 


DO CASE TEMP, 




83 


3 


CALL IGNORE..INT, /* V2V1V0 = 000*/ 




84 


3 


CALL IONORE_INT, /* V2V1V0 = 001*/ 




85 


3 


CALL CHB_RX_CHAR, /* V2V1V0 = 010*/ 




86 


3 


CALL I0N0RE_INT, /» V2V1V0 = Oil*/ 




87 


3 


CALL IGNORE INT, /« V2V1V0 = 100*/ 




88 


3 


CALL CHA_EXTERNAL_CHANGE, /* V2V1V0 = 101*/ 




89 


3 


CALL CHA_RX_CHAR, /* V2V1V0 = 110*/ 




90 


3 


CALL CHA_RX SPECIAL, /* V2V1V0 = 111*/ 




91 


3 


END, 




92 


2 


OUTPUT (COMMAND A 74) =38H. /» END OF INTERRUPT FOR 8274 */ 




93 


2 


0UTPUT(0CW2 59) = 63H, /* 8259 EOl ♦/ 




94 


2 


0UTPUT(0CW1 59) = INPUT(0CW1 59) AND 0F7H, 




95 




RETURN, 




96 


2 


END INT_8274_S, 








/* DEFAULT INTERRUPT ROUTINE - 8259A INTERRUPT 7 */ 








/♦ REQUIRED ONLY WHEN DMA CONTROLLER IS ENABLED */ 








/* BEFORE RECEIVING FIRST CHARACTER WHICH IS */ 








/♦ AT HIGH BAUD RATES LIKE BOOK BAUD READ APP */ 








/» NOTE SECTION 6 FOR DETAILS «/ 
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97 1 INT_39 PROCEDURE INTERRUPT 39, 

9G 2 OUTPUT (0CW2_59) « 20H, /« NON-SPECIFIC EOI 

99 2 OUTPUT (0CW1_59> = INPUT(0CW1_59) AND 0F7H', 

100 2 RESULTS_S = FAIL, 

101 2 END INT_39, 

102 1 END INTR_8274_S, 



MODULE INFORMATION 

CODE AREA SIZE = OIBFH 447D 

CONSTANT AREA SIZE = OOOOH OD 

VARIABLE AREA SIZE =» 0006H 6D 

riAXIMUM STACK SIZE = 0022H 34D 

295 LINES READ 

0 PROGRAM WARNINGS 

0 PROGRAM ERRORS 



END OF PL/M-86 COMPILATION 



PL/M-86 COMPILER iSBC 86/49 8274 CHANNEL A SDLC TEST 



SERIES-III PL/M-86 V2 0 COMPILATION OF MODULE STEST 
OBJECT MODULE PLACED IN Fl STEST OBJ 

COMPILER INVOKED BY. PLM86. 86 Fl STEST PLM TITLEdSBC 88/49 8274 CHANNEL A SDLC TEST) 
COMPACT NOINTVECTOR ROM 



/« «/ 
/« xSBC 945 PORT A (8274) SDLC TEST «/ 

/« «/ 
/#»»»»»»«*»»««»♦»»♦»#*»«♦»»»#»♦«♦»»«»««♦♦«*»«»«♦»»»«»«»«#*»»•»»»»*»»*♦♦»»/ 

STEST DOi 



2 


1 


DELAY_S PROCEDURE EXTERNAL, 


3 


2 


END DELAY_S, 


4 


1 


ENABLE INTERRUPTS S PROCEDURE EXTERNAL, 


9 


2 


END ENABLE_INTERRUPTS_S, 


6 


1 


DISABLE_INTERRUPTS S PROCEDURE EXTERNAL* 


7 


2 


END DISABLE_INTERRUPTS_S, 


8 




INIT_8274_SDLC_S PROCEDURE EXTERNAL, 


9 


2 


END INIT_8274_SDLC_Sj 


10 


1 


INIT 8237_S PROCEDURE EXTERNAL* 


11 


2 


END INIT_8237_S. 


12 


1 


ST0P_8237 S. PROCEDURE EXTERNAL. 


13 


2 


END ST0P_8237_S, 


14 


1 


VERIFY_TRANSFER_S PROCEDURE EXTERNAL* 


19 


2 


END VERIFY_TRANSFER_S, 


16 




INT_8274_S PROCEDURE INTERRUPT 39 EXTERNAL 


17 


2 


END INT_8274_Si 



♦NOLI ST 



PL/M-86 COMPILER iSBC 88/49 8274 CHANNEL A SDLC TEST 



1 DECLARE (RESULTS_S. TXDONE_S, RXDONE_S) BYTE PUBLIC, 

1 DECLARE DONE LIT 'OFFH', 

NOT_DONE LIT 'OOH', 

PASS LIT 'OFFH'. 

FAIL LIT 'OOH'i 
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REJECT 






PL/ri-86 COMPILER 


iSBC 88/49 8274 CHANNEL A SDLC TEST 




30 


1 CHA_ 


BDLC.TEST: PROCEDURE BYTE PUBLICi 




31 
32 
33 
34 
39 
36 
37 


2 
2 
2 
2 
2 
2 
2 


CALL ENABLE INTERRUPTS 8i 
CALL INIT_8274 SDLC S< ~ 
ENABLE; 

OUTPUT <C0MMAND_A_74) - 28H) /« RESET TX INT/DMA ♦/ 
OUTPUT <C0MMAND_B_74) » 28H< /♦ BEFORE INITIALIZING 8237*/ 
CALL INIT_8237_S; 

OUTPUT < DAT A_A_74)~- 99Hi /♦ LOAD FIRST CHARACTER FROM CPU*/ 




38 
39 
40 


2 
2 
2 


/« TO ENSURE CRC TRANSMISSION RESET TX UNDERRUN LATCH*/ 
OUTPUT (C0MMAND_A_74) « OCOH» 

RXDONE^S. TXD0NE_S-N0T_D0NE> /♦ CLEAR ALL FLAGS ♦/ 
RESULTS_S«PASSl /# FLAG SET FOR MONITOR*/ 




41 
42 


2 
3 


DO^WHILE TXDONE^S-NOT^DONE; /* DO UNTIL TERMINAL COUNT*/ 




49 
46 


2 

3 
2 
3 


DO WHILE< INPUT < ST ATU8^A_74) AND 04H) O 04Hj 

/* WAIT FOR CRC TO GET TRANSMITTED */ 

/♦ TEST FOR TX BUFFFER EMPTY TO VERIFY THIS*/. 

END> 

DO WHILE RXDONEJB-NOT_DONE» /♦ DO UNTIL TERMINAL COUNT*/ 
ENDj 




47 


2 


CALL ST0P_B237_8i 




48 


2 


CALL DISABLE_INTERRUPTS_S» 




49 


2 


CALL VERIFY_TRAN8FER_Si 




90 


2 


RETURN RESULTS_S* 




91 
92 


2 END CHA_SDLC_TEST» 
1 END STE8T) 




MODULE 


INFORMATION: 






CODE AREA SIZE » 0063H 99D 

CONSTANT AREA SIZE « OOOOH OD 

VARIABLE AREA SIZE « 0003H 30 

MAXIMUM STACK SIZE - 0004H 4D 

198 LINES READ 

0 PROGRAM WARNINGS 

0 PROGRAM ERRORS 




END OF 


PL/M-86 COMPILATION 




PL/M-86 


COMPILER 


iSBC 88/49 8274 CHANNEL A SDLC TEST 




SERIES-III PL/M-86 V2. 0 COMPILATION OF MODULE VECTOR MODE 
OBJECT MODULE PLACED IN :Fi. VECTOR OBJ 

COMPILER INVOKED BY: PLM86. 86 Fl : VECTOR. PLM TITLECiSBC 88/49 8274 CHANNEL A 8DLC TEST) 






/♦ 
/♦ 
/* 
/» 
/♦ 


*/ 

8274 INTERRUPT HANDLING ROUTINE FOR */ 
8274 VECTOR MODE ♦/ 
STATUS AFFECTS VECTOR */ 

*/ 
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/* THIS IS AN EXAMPLE OF MOU SS7A TAM np I lecn tki uermoen Mnne- m/ 








/* THE iSBCB8/4S BOARD UAS REUTREn Tn nrPARi c tuct dtt ad^oa amh m/ 
/ " 1 nfc Aanvoo/Tii/ uup^nu rina nEMincu lU VlCinDL,C I PIC rl 1 0«:3Tn AINU */ 








/* ENABLE THE 8274 TD PLACE ITS HM TUP nATAniiCi Tm DcepnKiQC m./ 








TO THE INTA SEQUENCE FROM THE aosB DTMPn Mnnrprr ATTOMc; TKiri imrn «/ 








/» CHANGES TO 8274 INITIALIZATION PROGRAM (S1NI74) TO PROGRAM 8274 #/ 








/« INTO VECTORED MODE (WRITE REGISTER 2A D9-1 ) «/ 




1 




VECTOR_MODE DO; 








f NOL I ST 




12 


1 


DECLARE TEMP BYTE; 




13 


1 


DECLARE (RESULTS S> TXDONE> RXDONE ) BYTE EXTERNAL; 




14 




DECLARE DONE LITERALLY 'OFFH'* 








NOT.DONE LITERALLY 'OOH'. 








PASS LITERALLY 'OFFH'i 








FAIL LITERALLY 'OOH'; 
















/« TRANSMIT INTERRUPT CHANNEL A INTERRUPT WILL NOT BE SEEN IN THE «/ 








/* DMA OPERATION «/ 




19 


1 


TX_INTERRUPT_CHA PROCEDURE INTERRUPT 84; 




16 


2 


OUTPUT (C0MMAND_A_74) « OOlOlOOOB* /♦RESET TXINT PENDING*/ 




17 


2 


OUTPUT <C0MMAND_A_74) ■ OOlllOOOB; /♦EOI*/ 




16 


2 


END TX_INTERRUPT~CHAj 








/#*'l('####*########«"lt#######1^«4(««######4(####*#«#####4«^«4^^4(«4(««^^«^^^^^^^^^ 








/« EXTERNAL/STATUS INTERRUPT PROCEDURE: CHECKS FOR END OF MESSAGE ♦/ 








/* ONLY. IF THIS IS NOT TRUE THEN THE FAIL FLAG IS SET HOWEVER* ♦/ 








/« A USER PROGRAM SHOULD CHECK FOR OTHER EXT/STATUS CONDITIONS #/ 








/« ALSO IN RRl AND THEN TAKE APPROPRIATE ACTION BASED ON THE «/ 








/* APPLICATION #/ 








/**«*«»»««*•«***«»««««««««««#««««««»«»«««««»««*««**«««««««««««.««««■««««««/ 




19 


1 


EXT_STAT_CHANGE_CHA- PROCEDURE INTERRUPT 85; 




20 


2 


TEMP ■ INPUT (STATUS A 74). 








IF (TEMP AND END OF TX MESSAGE) « END_OF_TX MESSAGE THEN 




»3 


2 


TXDONE « DONE. 




23 


2 


ELSE DO; 




24 


3 


TXDONE » DONE, 




PL/M- 


•86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 




25 


3 


RESULTS S » FAIL; 




26 


3 


END, 




27 


2 


OUTPUT (C0MMAND_A_74) » OOOIOOOOB; /•RESET EXT STAT INT»/ 




28 


2 


OUTPUT (COMMAND A 74) » OOlllOOOB, /♦EDI*/ 




29 


2 


RETURN, 




30 


2 


END EXT_STAT_CHANGE_CHA, 








/♦##«#»»»»»»»####»»«»««»»»»»»««»«»#»»»»«»«»#»#»<nnnnnnnnnnnnnnnnnnnnnnnnj/ 








/* RECEIVER CHARACTER AVAILABLE INTERRUPT WILL APPEAR ONLY ON FIRST*/ 








/* RECEIVE CHARACTER. SINCE DMA CONTROLLER HAS BEEN ENABLED BEFORE »/ 








/* THE FIRST CHARACTER IS RECEIVED, THE RECEIVER REQUEST IS */ 








/# SERVICED BY THE DMA CONTROLLER »/ 








/*«»«*«****«««*«•««««**»»««»»«««««»«*»«»«««*««««««««««*«*««««««»««««»«**/ 




31 


1 


RX_CHAR_AVAILABLE_CHA PROCEDURE INTERRUPT 86, 




32 


2 


OUTPUT (COMMAND A 74 ) - OOlllOOOB, /♦EOI*/ 




33 


2 


RETURN, 




34 


2 


END RX_CHAR_AVAILABLE CHA, 








•EJECT 
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PL/M- 


86 COMPILER iSBC 88/45 8274 CHANNEL A SDLC TEST 










/»»♦»»*»»*»**,•»♦»»**»*##♦»*»*»«##«#♦#*♦»#«#»•«*»«*»»»#♦»*»»♦,*»*#•»♦»•»*♦/ 










/* SPECIAL RECEIVE CONDITION INTERRUPT SERVICE ROUTINE CHECKS FOR */ 










/♦ END OF FRAME BIT ONLY SEE SPECIAL SERVICE ROUTINE FOR NON- »/ 










/» VECTORED MODE FOR CRC CHECK AND OVERRUN ERROR CHECK #/ 














35 




1 


SPECIAL_RX_CONDITION_CHA PROCEDURE INTERRUPT 87. 




36 




2 


OUTPUT (COMMAND A_74) ■ 1. /♦POINTER l«/ , 




37 




2 


TEMP « INPUT (STATUS A 74), 




38 




2 


IF (TEMP AND END OF FRAME) = END OF FRAME THEN 




39 




2 


RXDONE » DONE, 




40 




2 


ELSE DO. 




41 










42 




3 


RESULTS S - FAILi 




43 




3 


END. 




44 




2 


OUTPUT (C0MMAND_A_74) = OOllOOOOB. /»ERROR RESET*/ 




45 




2 


OUTPUT (C0MMAND_A_74) » OOlllOOOB. /♦EOI*/ 




46 




2 


RETURN. 




47 




2 


END SPECIAL_RX_C0NDIT10N_CHAi 




46 




1 


ENABLE INTERRUPTS. PROCEDURE PUBLIC. 




49 




2 


DISABLE; 




50 




2 


CALL SET»INTERRUPT<84. TX INTERRUPT_CHA ) . 




51 




2 


CALL SET»INTERRUPT<85. EXT_STAT_CHANOE_CHA) . 




52 




2 


CALL SET»INTERRUPT<86. RX_CHAR_AVAILABLE^CHA) . 




53 




2 


CALL SET»INTERRUPT<87, SPECIAL_RX_CONDITION_CHA). 




54 




2 


RETURN. 




55 




2 


END ENABLE^INTERRUPTS. 




56 




1 


END VECTOR_MODE. 




















/*«»««*»*««*««*«*«««***«***»**»««««»«*«*«*«**««*«*»»«*»««*««»«*«**«*«*«««#*«/ 




MODULE 


INFORMATION 






CODE AREA SIZE « 012EH 302D 






CONSTANT 


AREA SIZE » OOOOH OD 






VARIABLE 


AREA SIZE « OOOIH ID 






MAXIMUM 


STACK SIZE « 001 EH 30D 






226 LINES READ 






0 


PROGRAM WARNINGS 






0 


PROGRAM ERRORS 




END OF 


PL/M-86 COMPILATION 
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APPENDIX B 
MPSC READ/WRITE REGISTER DESCRIPTIONS 



WRITE REGISTER 0 (WRO) 



D7 D6|D5 D4 D3|02 D1|00 



COMMAND STATUS POINTER 
REGISTER POINTER 



NULL CODE 

SEND ABORT (SDLC) 

RESET EXT STATUS INTERRUPTS 

CHANNEL RESET 

ENABLE INTERRUPT ON NEXT RX CHARACTER 
RESET TxiNT DMA PENDING 
ERROR RESET 

END OF INTERRUPT (Oh. A only) 



0 0 NULL CODE 

0 1 RESET Rx CRC CHECKER 

1 0 RESET Tx CRD GENERATOR 

1 1 RESET Tx UNDERRUN EOM LATCH 



210403-26 



WRITE REGISTER 1 (WR1) 



»|d3|i 



|di|do[ 



EXT INTERRUPT 

ENABLE 

Tx INTERRUPT 
DMA ENABLE 

STATUS AFFECTS VECTOR 
■ (CHB ONLY) 
(NULL CODE CH A) 



1 VARIABLE VECTOR 
0 FIXED VECTOR 



RxINT/DMA DISABLE 

RxINT ON FIRST CHAR OR SPECIAL CONDITION 

INT ON ALL Rx CHAR (PARITY AFFECTS VECTOR) OR 

SPECIAL CONDITION 

INT ON ALL Rx CHAR (PARITY DOES NOT AFFECT 
VECTOR) OR SPECIAL CONDITION 



- 1 WAIT ON Rx, 0 WAIT ON Tx 

MUST BE ZERO 

WAIT ENABLE, 1 ENABLE, 0 DISABLE 
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WRITE REGISTER 2 (WR2): CHANNEL A 



D7 0 [D5|D4|d3|d2[di|do] 



0 0 BOTH INTERRUPT 

0 1 A DMA BINT 

1 0 BOTH DMA 
1 1 ILLEGAL 

1 PRIORITY RxA>RxB>TxA>TxB .'EXTA*>EXTB* 

0 PRIORITY RxA>TxA>RxB>TxB^EXTA*>EXTB* 



0 0 8085 MODE 1 

0 1 8085 MODE 2 

1 0 8086/88 MODE 
1 1 ILLEGAL 

1 VECTORED INTERRUPT 

0 NON VECTORED INTERRUPT 



- MUST BE ZERO 



1 PIN10SYNDET6 
0 PINIORTSb 



*External Status Interrupt only if EXT Interrupt Enable (WR1: DO) is set. 



210403-28 



WRITE REGISTER 2 (WR2): CHANNEL B 



MSB LSB 


1 V7 1 V6 1 V5 


V4 


V3 


V2|V1|V0| 






INTERRUPT 
VECTOR 

210403-29 



WRITE REGISTER 3 (WR3) 



MSB 



D7 06 D5 D4 D3 



D2ID1 



0 



I Rx ENABLE 

- SYNC CHAR LOAD 

ADDR SRCH MODE (SDLC) 

Rx CRC ENABLE 

ENTER HUNT MODE 

AUTO ENABLES 



0 0 Rx5 BITS/CHAR 

0 1 Rx7 BITS/CHAR 

1 0 Rx6 BITS/CHAR 
1 1 Rx8 BITS/CHAR 
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WRITE REGISTER 4 (WR4) 



D7 D6 D5 D4 



|D3|p2| 



LSB 



01 DO 



1 ENABLE PARITY 
~0 DISABLE PARITY 

EVEN PARITY 
ODD PARITY 



0 0 ENABLE SYNC MODES 

0 1 1 STOP BIT 

1 0 1.5 STOP BITS 
1 1 2 STOP BITS 



0 0 8 BIT SYNC CHAR 

0 1 16 BIT SYNC CHAR 

1 0 SDLC/HDLC(01111110)FLAG 
1 1 1 EXTERNAL SYNC MODE 



0 XI CLOCK 

1 X16 CLOCK 

0 X32 CLOCK 

1 X64 CLOCK 



WRITE REGISTER 5 (WR5) 



|D7[Da 



D5 D4 D3|02 



|di[do| 



- Tx CRC ENABLE 
• RTS 

. SOLC/CRC -16 
(CRC MODE) 

- Tx ENABLE 

- SEND BREAK 



0 0 Tx5 BITS OR LESS/CHAR 

0 1 Tx7 BITS/CHAR 

1 0 Tx6 BITS/CHAR 
1 1 Tx8 BITS/CHAR 

— DTR 



210403-32 



WRITE REGISTER 6 (WR6) 



LSB 



|d7|d6[ds[D4[d3|d2|di|do| 



L 



LEAST SIGNIFICANT 
SYNC BYTE (ADDRESS 
IN SDLC/HOLC MODE) 
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WRITE REGISTER (WR7) 



LSB 



y] 01 C5 ED ES EQ Efl 03 



r 



MOST SIGNIFICANT 

SYNC BYTE (TEH 

IN SDLC/HDLC MODE) 
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READ REGISTER 0 (RRO) 



MSB 



|d7[d6| 



LSB 



D5 D4|D3 D2ID1 



Rx CHAR AVAILABLE 
• INT PENDING (CHA ONLY) 

- Tx BUFFER EMPTY 
. CARRIER DETECT 

- SYNC/HUNT 

-CTS ^ 

EXTERNAL 
. Tx UNDERRUN/EOM > STATUS 

I INTERRUPT MODE 
> BREAK/ ABORT J 
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READ REQISTER 1 (RR1): (SPECIAL RECEIVE CONDITION MODE) 



DS D4 03 



EE 



I FIELD BYTE 
PREVIOUS BYTE 

2 
0 
0 
0 
0 
0 
0 

1 



I FIELD BYTE 
2ND PREVIOUS BYTE 



PARITY ERROR 

Rx OVERRUN ERROR 

CRC/FRAMING ERROR 

END OF FRAME (SDLC HDLC MODE) 



RESIDUE DATA 
} BITS CHAR 
MODE 



READ REGISTER 2 (RR2> CHANNEL B ONLY 



MSB 



V7 V6 I V5 V4*|V3*|V2* VI 



INTERRUPT *^J?'^PJ-!!«.xc 
STATUS AFFECTS 



VECTOR VECTOR MODE 
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INTRODUCTION 

INTEL'S 82530, Serial Communications Controller 
(SCC), is a dual channel, multi-protocol data communi- 
cations peripheral. It is designed to interface to high 
speed communications lines using asynchronous, byte 
synchronous, and bit synchronous protocols. It runs up 
to 1.5 Mbits/sec, has on-chip baud rate generators and 
on-chip NRZI encoding and decoding circuits — ^very 
useful for SDLC communication. This application note 
shows how to write I/O drivers for the 82530 to do 
initialization and data links using asynchronous 
(ASYNC) and SDLC protocols. The appendix includes 
sections to show how the on-chip baud rate generators 
could be programmed, how the modem control pins 
could be used, and how the 82530 could be interfaced 
to INTEL'S 80186/188 processors. 

This article deals with the software for the following: 

1. SCC port definition 

2. Accessing the SCC registers 

3. Initialization for ASYNC communication 

4. ASYNC communication in polKng mode 

5. ASYNC communication in interrupt mode 

6. InitiaUzation for SDLC communication 

7. SDLC frame reception 

8. SDLC frame transmission 

9. SDLC interrupt putines 

The description , is written around illustratioi|f of the 
actual softvvare written in PLM86 for ei 80186 - 82530 
system. 



I. SCC Port Definition 

The Figure 1 shows how the 4 ports (2 per channel) of 
the SCC can be defined. Note that the sequence of ports 
in the ascending order of addresses is not the one that is 
normally expected. In the ascending order it is: com- 
mand (B), data (B), command (A) and data (A). In an 
80186 - 82530 system, the interconnection is as follows: 



PCSn 
A1 

80186 pins A2 
RD 
WR 



OS 
D/C 

A/B 82530 pins 

RD 

WR 



2. Accessing the SCC Registers 

The SCC has 16 registers on each of the channels (A 
and B). For each channel there is only one port, the 
command port, to access all the registers. The register 
#0 can be always accessed directly through the com- 
mand port. All other registers are accessed indirectly 
through register #0. First, the number of the register to 
be accessed is written to the register #0 - see the state- 
ment, in Figure 2: *output (ch__a__command) = reg__ 
no and Ofh'. Then, the desired register is written to or 
read out. The Figure 2 shows 4 procedures: rra and 
wra, for reading and writing channel A registers; rrb 
and wrb, for reading and writing channel B registers. 
The read procedures aye of the type *^byte' - they return 
the contents of the register being read. The write proce- 
dures require t\yo parameter^ - the register number and 
the value to be written, . 



-if/ 



declare ch_b_coimnand 
ch_b_data 
ch_a_command 



literally 'pc:«5 + 0'» 

literally 'pcs5 + 2% 

literally 'pcs5 + 4'i 

literally 'pcs5 4- 6'i 



/* see channel_b command word*/ 

/* see ehannel_b data word */ 

/* see channeled command word */ 

/♦ sec ehannel_a data word ♦/ 



/*- 



*/ 
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Figure 1. SCC Port Definition 
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^/ 

/* rff«d ttltcttd sec rtgitttr «/ 

rra: proctdurc (rtg.no) bgtti 
dtclart rtg_no bgtt} 

if (r»g_no and Ofh) O 0 

thtn output ( ch^a^command ) » rag_no and Ofh; 
rtturn input ( ch.a.command )i 
end TTMi 

rrb: proctdura (rtg_no) byta; 
daclara rtg_no bytt; 

if (rag_no and Ofh) <> 0 

than output ( ch^b^command ) « rag_no and Of hi 
return input ( ch^b^command ) i 
end rrbi 



/« uirite selected sec register */ 

uira: procedure (reg.noi value); 
declare reg_no bytej 
declare value bgte; 

if (reg_no and Ofh) O 0 

then output ( ch_a_command ) « reg_no and Ofh; 
output <ch_a_cofflmand ) « value; 
end wTMi 

uirb: procedure (reg.no» value); 
declare reg_no byte; 
declare value byte; 

if <reg_no and Ofh) O 0 

then output ( c h_b ^command) « reg^no and Ofh; 
output (ch_b_cQflimand ) » value; 
end uirb; 

/» , . 
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Figure 2. Accessing the SCC Registers 
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3. Initialization for ASYNC Operation 

In the following example, channel B of the SCC is used 
to perform ASYNC communication. Figure 3 shows 
how the channel B is initialized and configured for 
ASYNC operation. This is done by writing the various 
channel B registers with the proper parameters as 
shown. The comments in the program show what is 
achieved by each statement. After a software reset of 
the channel, register #4 should be written before writ- 
ing to the other registers. The on-chip Baud Rate Gen- 
erator is used to generate a 1200 bits/sec clock for both 
the transmitter and the receiver. The interrupts for 
transmitter and/or receiver are enabled only for the 
interrupt mode of operation; for polling, interrupts 
must be kept disabled. 



4. ASYNC Communication in Polling 
IVIode 

Figure 4 shows the procedures for reading in a, received 

character from the 82530 (sec in) and for writing out 

a character to the 82530 (sec out) in the polling mode. 

The sec in procedure returns a byte value which is the 

character read in. The receiver is polled to find if a 
character has b6en received by the SCC. Only when a 
character has been received, the character is read in 
from the data port of the SCC channel B. 

The see out procedure requires a byte parameter 

which is the character being written out. The transmit- 



5cc_init_b: procedurei 

/♦ see eh B register initialization for ASYNC mode */ 



eall uirb(09» OlOOOOOOb); 

eall wrb<04, llOOlllOb); 

call uirb<02i 00100000b >; 

call uirb(03^ 1 1000000b )i 

call wrb(05» 01 100000b ); 

call uirb<06> 00000000b )i 

call wrb(07. 00000000b )i 

call wrbC09. 00000001b >; 

call uirb<10. 00000000b ); 

call wrbdl* OlOlOllOb); 

call iurb(12i OOOllOOOb); 

call wrb(13* 00000000b)i 

call ttirb(14> 000000ilb)i 

tall wrb(15> 00000000b )i 

/* enables */ 

call wrb<03* llOOOOOib); 

call wrb<05, lllOlOlOb); 



/* channel B reset ♦/ 

/♦ 2 stop* no parity> brf « 64x ♦/ 

/* vector a 20h */ 

/* rx 8 bits/char> no auto-enable */ 
/« tx 8 bits/char */ 



/* vector includes status */ 

/♦ rxe » txc « BRO , trxd « BRG out ♦/ 
/* to generate 1200 baud* x64 6 4 mhz */ 

/* BRG source « SYS CLK# enable BRO */ 
/* all ext status interrupts off «/ 



/« sec-b receive enable */ 

/* scc-b transmit enable* dtr on> rts on */ 



/■» enable interrupts - only for interrupt driven ASYNC I/O */ 



call wrb(09, 00001001b )i 
call uirb(01. 00010011b); 

end scc_inxt_bi 

/it ~ 



/♦ master IE* vector includes status »/ 
/* tx »rx# ext interrupts enable ♦/ 



*/ 
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Figure 3. Initialization for ASYNC Communication 
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/♦ sec data character input from channel D »/ 



«cc_in: procedure bytei 



declare char byte; 



do while ( input ( ch^b_command ) and Ih) « Oi end; 

char « input ( ch_b^<^«ta )j /» if rx data character is available */ 
return char, /# then input it to buffer */ 



end scc_ini 



/* sec data character output to channel B */ 



scc_out: procedure (char)i 



declare char byte; 



do u/hile ( input (ch^b^cominand ) and 4h ) • Oi endi 

output (ch_b_data) « char; /* if tx buff empty then transfer the «/ 

/» data character to tx buff */ 

end «cc_out; 
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Figure 4. ASYNC Communication in Poliing lyiode 



ter is polled for being ready to transmit the next charac- 
ter before writing the character out to the data port of 
sec channel B. 

Typical calls to these procedures are: 

abc variable = sec in; 

call sec out (xyz variable); 



5. ASYNC Communication in Interrupt 
lUlode 

In contrast to polling for the receiver and/or the trans- 
mitter to be ready with/for the next character, the 
82530 can be made to interrupt when it is ready to do 
receive or transmit. 

The on-chip interrupt controller of the SCC can be 
made to operate in the vectored mode. In this mode, it 
generates interrupt vectors that are characteristic of the 
event causing the interrupt. For the example here, the 
vector base is programmed at 20h and 'Vector 



Includes Status' (VIS) mode is set - WR9 = 
XXXOXXOl. Vectors and the associated events are: 



Vector 


Procedure 


Event Causing Interrupt 


20h 


txintr_b 


ch__b - transmit buffer empty 


22h 


esi b 


ch__b - external/status change 


24h 


rxintr^b 


ch__^b - receive character available 


26h 


src_b 


ch b - special receive condition 


28h 


txintr_a 


ch a - transmit buffer empty 


2ah 


esi_a 


ch a - external/status change 


2ch 


rxintr a 


ch__a - receive character available 


2eh 


src__a 


ch__a - special receive condition 



NOTE: 

Odd vector numbers do not exist. 



Figure 5 shows the interrupt procedures for the channel 
B operating in ASYNC mode. The transmitter buffer 
empty interrupt occurs when the transmitter can accept 
one more character to output. In the interrupt proce- 
dure for transmit, the byte char out 530 is output. 

Following this, is an epiloge that is common to all the 
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interrupt procedures-^ the first statement is an end of The receive buffer full interrupt occurs when the receiv- 



interrupt command to the 82530 - not^ that it is issued 
to channel A - and the second is an End of Interrupt 
(EOI) command to the 80186 interrupt controller 
which is, in fact, receiving the interrupt from the 82530. 



er has at least one character in its buffer, waiting to be 
read in by the CPU. 

The esi ^b is not enabled to occur and src b cannot 

occur in the ASYNC mode unless the receiver is over- 
run or a parity error occurs. 



. u 

/* channel B interrupt procedures */ 
txintr_b: procedure interrupt 20hi 
output (ch_b_data) = char_out^S30i 



call u»ra(00. 38h)f 
output (eoir_18A) « SOOOhi 
return) 
end txintr hi 



/* reset highest lUS */ 
/* non specific EOI */ 



esi_b: procedure 
call uirb (OOf lOh )i 



interrupt 22h; 

/* reset ESI »/ 



call uira(00i 38h ); 
output (eoir_186) « SOOOhi 
returni 
end esi bi 



/* reset highest lUS */ 
/* non specific EOI */ 



rxintr^b: procedure interrupt 24hi 
char_in_530 « input (ch_b_data); 



call uira (00i3Ph)j 
output (eoir_t86> «* 8000hi 
returni 
end rxintr_b^ 



/♦ reset highest lUS */ 
/* non specific EOI ♦/ 



5rc_b: procedure 
call uirb(00i 30h)i 



interrupt 26hi 

/* error reset ♦/ 



call uira(00, 38h)i 
output (eoir_186) « SOOOh; 
return; 
end src ,bi * 



/* reset highest lUS «/ 
/* non specific EOI «/ 



«/ 
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Figure 5. ASYNC Communication in Interrupt iViode 
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6. Initialization for SDLC 
Communication 

Channel A of the SCC is programmed for being used 
for SDLC operation. It uses the DMA channels on the 
80186. Figure 6 shows the initialization procedure for 
channel A. The comments in the software show the 
effect of each statement. The on-chip Baud Rate Gener- 
ator is used to generate a clock of 125 kHz both for 
reception and transmission. This procedure is just to 
prepare the channel A for SDLC operation. The actual 
transmission and reception of frames is done using the 
procedures described further. 



7. SDLC Frame Reception 

Figure 7 shows the entire set-up necessary to receive a 
SDLC frame. First the DMA controller is programmed 

with the receive buffer address (@rx ^buff), byte count, 

mode etc and is also enabled. Then a flag indicating 
reception of the frame is reset. An Error Reset com- 
mand is issued to clear up any pending error condi- 
tions. The receive interrupt is enabled to occur at the 
end of frame reception (Special Receive Condition); 
lastly, the receiver is enabled and put in the Hunt mode 
(to detect the SDLC flag). When the first flag is detect- 



ed on the RxDA pin, it goes from the Hunt to the Sync 
mode. It receives the frame and the end of frame inter- 
rupt (src ^b, vector = 2eh) occurs. 



8. SDLC Frame Transmission 

Figure 8 shows the procedure for transmitting a SDLC 
frame once channel A is initialized. The DMA control- 
ler is initialized with the transmit buffer address 
(@tx ^buff (1)) - notey it is the second byte of the trans- 
mit buffer - and the byte count - again one less than the 
total buffer length. This is done because the first byte in 
the buffer is output directly using an I/O instruction 
and not by DMA. Then the flag indicating frame trans- 
mitted is reset. The events following are very critical in 
sequence: 

a. Reset external status interrupts 

b. Enable the transmitter 

c. Reset transmit CRC 

d. Enable transmitter underrun interrupt 

e. Enable the DMA controller 

{. Output first byte of the transmit block to data port 
g. Reset Transmit Underrun Latch 



/^^ 



scc^init^a: proctdurti 



*/ 



/♦ ICC ch 


A register initialization 


call 


iiira(09« 


10000000b); 


/» 


call 


uira (044 


00100000b )i 


/* 


call 


u)ra(01» 


01 100000b )i 


/* 


call 


uira(03> 


n000000b)i 


/» 


call 


uira (09i 


01 100000b )i 


/♦ 


call 


uira(06i 


01010101b>j 


/* 


call 


uira(07# 


OlUlllOb)} 


/* 


call 


uira( X0» 


10000000b); 


/* 


call 


ttira( 11» 


OlOlOllOb); 


/♦ 


call 


uira( 12« 


00001 UOb); 


/♦ 


call 


uira ( 13# 


OOOOOOOOb ) i 




call 


uira( 14/ 


OOOOOUOb); 


/* 


call 


tifra( 15i 


OOOOOOOOb ) ; 


/* 


/♦ ena»^l9,s «/ 






call 


uira( 14* 


000001 lib); 


/♦ 


call 


ujra<01* 


lilOOOOOb); 


/* 


call 


uira<09# 


00001001b )i 


/♦ 



txc 



Rx disable «/ 
Tx disable */ 



NRZ encoding */ 

BRO I trxc « BRG out */ 

125 Kbaudi xl ft 4 mhz */ 



: BRO */ 
: dreq */ 

IE, vector includes status «/ 



end scc_init^ai 
/« 



*/ 
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Figure 6. Initialization for SDLC Communication 
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-.^-,-^^^/ 

rx_init: procedure; 

declare dma_0_mode literally ' 1010001001000000b 'i 

/* src«IOi de5t«M(inc)i sync»src* TC* noint* priority* byte */ 

owtuiord (dma_0_dpl > « louil6<arx_buf f ) # 

outword <dma_0_dph ) * h i gh 16(er x_buf f ) i 

outttford (dma_0_spl ) « ch_a_datai 

outword (dma_0_sph > « 0; 

outuiord(dmaIo_tc) » bl:ock_length + 2i /» +2 for CRC */ 

outword (dma_0_cui) « dma_0_mode or 0006h; /♦ start DMA channel 0 */ 

frame^recd » 0# /» reset frame received flag */ 

call wra(00i30h)i /♦ error reset ♦/ 

call wra(01. 11111001b); sp. cond intr only* ext int enable */ 

call uira(03# 11010001b); /* enable receiver* enter hunt mode */ 

end rx_init; 

/# .... . 
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Figure 7. SDLC-DMA Frame Reception 



» 

tx_init: procedure; 

declare dma_l_mode literally '000101 lOlOOOOOOOb '; 

/« src»M<inc)* dest»IO* sync«dest« TCi nointi nopriori byte */ 

outword (dma_l_spl ) « lowl6<et x_buf f < 1 ) ) ; 

outuiord (dma_l_sph ) » highl6<etx_buf f < 1 ) ); 

outword <dma_l_dpl ) » ch_a_data; 

outuiord (dma_l_dph ) » 0; 

outword (dma_l_tc ) =» b loc k^length - 1; /* -1 for first byte */ 

frame_tx = 0; /♦ reset frame transmitted flag «/ 

call uira(00* 00010000b); /* reset ESI */ 

call ufra(Ot^i 01101011b); /« enable transmitter »/ 

call wralOO* 10101000b); /# reset tx CRC, TxINT pending ♦/ 

call wra(l5, 01000000b); /* enable : TxU int */ 

outu/ord <dma_l_cu;) « dma_l_mode or 0006hi /* start DMA channel 1 
output(ch_a_data) « tx_buff(0); /♦ first byte - address field ♦/ 
call wra(00* 11000000b); /♦ Reset Tx Underrun latch «/ 

end tx_init; 

i . . 
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Figure 8. SDLC-Di\/IA Frame Transmission 
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/If— 

/♦ ch«nn«l A interrupt procedures ♦/ 
txintr_«: procedure interrupt 28hi 



c«ll uir«(00i 38h); 
output (eoir_l86) 
return; 
end txintr ai 



SOOOhi 



/* reset highest lUS «/ 
/* non specific EOI «/ 



esi_a: 



procedure 



interrupt 2ehj 



call uira(00i lOh ) i 
tx^stat " rra(0>; 
frame^tx <■ Offhi 

call ura(00i38h)i 
output <eoir_186) 
returni 
end esi a; 



SOOOhi 



/» reset ESI */ 

/♦ read in status ♦/ 

/» set frame transmitted flag ^/ 

/« reset highest lUS */ 
/« non specific EOI «/ 



rxintr_ 



procedure 



interrupt 2chi 



call uira(00> 38h )i 
output (eoir_186) ■ SOOOhi 
returni 
end rxintr^ai 

src^a: procedure 



/* reset highest lUS #/ 
/« non specific EOI ♦/ 



interrupt 2ehi 



rx^stat « rra(l)i 
call uira<00i30h)i 
call uira (03. 11000000b >i 
frame reed « Offhi 



call uira(00. 38h )i 
output <eoir_186) 
return; 
end src a* 



SOOOhi 



/» error reset ♦/ 

/* disable rx «/ 

/* set frame received flag */ 

/» reset highest lUS ♦/ 
/* non specific EOI */ 



♦/ 
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Figure 9. SDLC-DMA Interrupt Routines 
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The frame gets transmitted out with all bytes, except 
the fjrst one, being fetched by the SCC using the DMA 
controller. At the end of the block the DMA controller 
stops supplying bytes to the SCC. This makes the trans- 
mitter underrun. Since the Transmitter Underrun 
Latch is in the reset state at this moment, the CRC 
bytes are appended by the SCC at the end of the trans- 
mit block going out. An External Status Change inter- 
rupt (esi a, vector = 2ah) is generated with the bit for 

transmitter underrun set in RRO register. This inter- 
rupt occurs when the CRC is being transmitted out and 
not when the frame is completely transmitted out. 

9. SDLC Interrupt Routines 

Figure 9 shows all the interrupt procedures for channel 
A when operating in the SDLC mode. The procedures 
of significance here are esi a and src a. 

The end of frame reception results in the src a proce- 
dure getting executed. Here the status in register RRl 

is stored in a variable rx stat for future examination. 

Any error bits set in status are reset, repeiver is disablied 
and the flag indicating reception of a new frame is set. 

The esi a procedure is executed when CRC of the 

transmitted frame is just going out of the SCC. Reset 
External Status Interrupt command is executed, the ex- 
ternal status is stored in a variable tx stat for future 



examination and the flag indicating transmission of the 
frame is set. 

End of frame processing is required after both of these 
interrupt procedures. It involves looking at 
rx stat and tx stat and checking if the desired opera- 
tion was successful. The buffers used, may have to be 
recovered or new ones obtained to start another frame 
transmission or reception. 



CONCLUSIONS 

This article should ease the process of writing a com- 
plete data link driver for ASYNC and St)LC modes 
since most of the hardware dependent procedures are 
illustrated here. It was a conscious decision to make the 
procedures as small and easy to understand as possible. 
This had to be done at the expense of making the proce- 
dures general and not dealing with various exception 
conditions that can occur. 
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APPENDIX A 
82530— BAUD RATE GENERATORS 



The 82530 has two Baud Rate Generators (BRG) on 
chip — one for each channel. They are used to provide 
the baud rate or serial clock for receive and transmit 
operations. This article describes how the BRG can be 
programmed and used. 

The BRG for each channel is totally independent of 
each other and have to be programmed separately for 
each channel. This article describes how any one of the 
two BRGs can be programmed for operation. To use 
the BRG, four steps have to be performed: 

1. Determine the Baud Rate Time Constant (BRTC) 
to be programmed into registers WR12 (LSB) and 
WR13 (MSB). 

2. Program in register WRll, to specify where the 
output of the BRG must go to. 

3. Program the clock source to the BRG in register 
WR14. 

4. Enable the BRG. 



Step 1: Baud Rate Time Constant (BRTC) 

The BRTC is determined by a simple formula: 

Serial Clock Frequency 

BRTC = ^ 

2 X (Baud Rate X Baud Rate Factor) 

Example: 

For Serial Clock Frequency = 4 MHz 
Baud Rate = 9600 

Baud Rate Factor =16 
4000000 



BRTC = 



2 X (9600 X 16) 
= 13.021 - 2 = 11.021 



ESESESI3IE9E3E9ES 



0 


0 


0 


1 


1 


0 


1 


1 



TRxC OUT = XTAL OUTPUT 
TRxC OUT = TRANSMIT CLOCK 
TRxC OUT = BR GENERATOR OUTPUT 
TRxC OUT = DPLL OUTPUT 



0 


0 


0 


1 


1 


0 


1 


1 



TRANSMIT CLOCK = RTxC PIN 

TRANSMIT CLOCK = TRxC PIN 

TRANSMIT CLOCK = BR GENERATOR OUTPUT 

TRANSMIT CLOCK = DPLL OUTPUT 



0 


0 


0 


1 


1 


0 


1 


1 



RECEIVE CLOCK » RTxC PIN 

RECEIVE CLOCK = TRxC PIN 

RECEIVE CLOCK - BR GENERATOR OUTPUT 

RECEIVE CLOCK » DPLL OUTPUT 



RTxC XTAL/NO XTAL 
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Figure 1. Write Register 11 
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Table 1. BRTC - Baud Rate Time Constant 





Baud Rate Factor 


1 


16 


32 


64 




9600 


206.333 


11.021 


4.510 


1.255 




4800 


414.667 


24.042 


11.021 


4.510 


Baud 


2400 


831.333 


50.083 


24.042 


11.021 


Rate 


1200 


1664.667 


102.167 


50.083 


24.042 




600 


3331.333 


206.333 , 


102.167 


50.083 




300 


6664.667 


414.667 


206.333 


102.167 



Since only integers can be written into the registers 
WR12/WR13 this will have to be rounded off to 11 
and it will result in an error of: 

fraction 0.021 

^^^^ X 100 = -7— X 100 = 0.19% 

BRTC 11.021 

This error indicates that the baud rate signal generated 
by the BRG does not provide the exact frequency re- 
quired by the system. This error is more serious for 
smaller baud rate factors. For asynchronous systems, 
errors up to 5% are considered acceptable. 

Note that for BRTC = 0, BRG output frequency = 1 /4 x 
Serial Clock Freq. 

Table 1 shows the BRTC for a 4 MHz serial clock with 
various baud rates on the Y - axis and baud rate factors 
on the X - axis. The constant that is really programmed 
into registers WR12/WR13 is the integer closest to the 
BRTC value shown in the table. 



12 03 Ei9 [21 C9 13 C9 12! 



LL BR GENERATOR ENABLE 
— BR GENERATOR SOURCE 

DTR/REQUEST FUNCTION 

AUTO ECHp 

LOCAL LOOPBACK 



0 


0 


0 


NULL COMMAND 


0 


0 


1 


ENTER SEARCH MODE 


0 


1 


0 


RESET MISSING CLOCK 


0 


1 


1 


DISABLE DPLL 


1 


0 


0 


SET SOURCE - BR GENERATOR 


1 


0 


1 


SET SOURCE a RTxC 


1 


1 


0 


SET FM MODE 


1 


1 


1 


SET NRZI MODE 
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Figure 2. Write Register 14 



Step 2: BRG Output 

The output of the BRG can be directed to the Receiver, 
Transmitter and the TRxC output. This is programmed 
by setting bits D6 D5, bits D4 D3, and bits Dl DO in 
register WRll to 10. See Figure 1. The output of the 
BRG can also be directed to the Digital Phase Locked 
Loop (DPLL) for the on-chip decoding of the NRZI 
encoded received data signal. This is done by writing 
100 into bits D7 D6 D5 of register WR14 as shown in 
Figure 2. 



Step 3: BRG Source Ciocic 

Register WR14 is used to select the input clock to the 
BRG. See Figure 2. 



WR14/bitDl = 0 — > Clock comes from pin 
RTxC 

WR14/bitDl = 1 — > Clock comes from System 
Clock (PCLK) 

On RESET WR14 / bit Dl = 0. 

It should be noted that for the case of Bit Dl = 0, the 
clock comes either from: 

a. Clock on pin RTxC - if WRl 1 / D7 = 0 

or b. Crystal on pins RTxC & SYNC 

-ifWRll /D7 = 1 

Step 4: BRG Enable 

This is the last step where bit DO of WRl 4 is set to start 
the BRG. The BRG can also be disabled by resetting 
this bit. 
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APPENDIX B 
MODEM CONTROL PINS ON THE 82530 



Introduction 

This article describes how the CTS and CD pins on the 
82530 behave and how to write software to service 
these pins. The article explains when the External 
Status Interrupt occurs and how and when to issue the 
Reset External/Status Interrupt command to reliably 
determine the state of these pins. 

Bits D3 and D5 of register RRO show the inverted state 
of logic levels on CD and CTS pins respectively. It is 
important to note that the register RR O doe s not always 
reflect the current state of the CD and CTS pins. When- 
ever a Reset External/Status Interrupt (RESI) com- 
mand is issued, the (inverted) states of the CD and the 
CTS pins get updated and latched into the RRO register 
and the regi ster RRO then reflect the inverted state of 
the CD and CTS pins at the time of the write operation 
to the chip. On c hannel or chip reset, the inverted state 
of CD and CTS pins get latched into RRO register. 

Normally, a transition on any of the pins does not nec- 
essarily change the corresponding bit(s) in RRO. In cer- 
tain situations it does and in some cases it does not. A 
sure way of knowing the current state of the pins is to 
read the register RRO after a RESI command. 

There are two cases: 

I. External/Status Interrupt (ESI) enabled. 

II. Polling (ESI disabled). 



Case I: External Status Interrupt (ESI) Enabled 

Whenever ESI is enabled, an interru pt can occur when- 
ever there is a transition on CD or CTS pins - the IE 



bits for CD and/or , CTS must also be set in WR15 for 
the interrupt to be enabled. 

In this case, the first transition on any of these pins will 
cause an interrupt to occur and the corresponding bit in 
RRO to change (even without the RESI command). A 
RESI command resets the interr upt l ine and also l atch- 
es in the current state of both the CD and the CTS pins. 
If there was just one transition the RESI does not really 
change the contents of RRO. 

If there are more than one transitions, either on the 
same pin or one each on both pins or multiple on both 
pins, the interrupt would get activated on the first tran- 
sition and stay active. The bit in RRO corresponding 
only to the very first transition is changed. All subse- 
quent transitions have no effect on RRO. The first tran- 
sition, in effect, freezes all changes in RRO. The first 
RESI command, as could be ex pecte d, latches the final 
(inverted) state of the CD and CTS pins into the RRO 
register. Note that all the intermediate transitions on 
the pins are lost (because the response to the interrupt 
was not fast enough). The interrupt line gets reset for 
only a brief moment following the first RESI com- 
mand. This brief moment is approximately 500 ns for 
the 82530. After that the interrupt becomes active 
again. A second RESI command is necessary to reset 
the interrupt. Two RESI commands resets the interrupt 
line independent of the number of transitions occurred. 

Whenever operating with ESI enabled, it is recom- 
mendable to issue two back-to-back RESI commands 
and then read the RRO regi ster to reliably determine 
the state of the CD and CTS pins and also to reset the 
interrupt hne in case multiple transitions may have oc- 
curred. 



CD OR CTS 
TRANSITION 



CD OR CTS 
TRANSITION 



RESET 



RESI 



RESI 




SUBSEQUENT 
TRANSITIONS 
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Case II: Polling RRQ for CD and CTS Pins 

If RRQ i s polled for determining the state of the CD 
and CTS pins, then the External/Status Interrupt (ESI) 
is kept disabled. In this case the ;bits in RRO may not 
change even for the first transition. The best way to 
handle this case to always issue a RESI command be- 
fore reading in th e RRO register to determine the state 
of CD and CTS pins. Note, however, if two back-to- 
back RESI commands were to be issued every time be- 
fore reading in the RRO register, the first subsequent 
transition will change the corresponding bit in RRO. 

Th e sta te di agram above illustrates how each transition 
on CD and CTS pins affect the 82530 and what effect 
the RESI command has. 

State 0 

It is entered on reset. No ESI due to CT S or C D are 
pending in this state. Any transition on CTS or CD 
pins lead to the state 1 accompanied by an immedi- 
ate change in the RRO register. 



State 2 

Interrupt is active (if enabled). Any further tran- 
sitions have no effect. A RESI command leads to 
state 1,' temporarily making the interrupt inactive. 

CONCLUSIONS 

Register RRO does not al ways reflect the current (in- 
verted) state of the CD and CTS pins. The most reliable 
way to determine the state of the pins in interrupt or 
polling mode is to issue two back-to-back RESI com- 
mands and then read RRO* While polling, the second 
RESI is redundant but harmless. When issuing the 
back-to-back RESI commands to 82530 note that the 
separation between the two write cycles should be at 
least 6 CLK + 200 ns; otherwise the second RESI will 
be ignored. 



State 1 



Interrupt is active (if enabled). If a RESI command 
is issued, state 0 is reached where interrupt is ag ain 
inactive. However, a further transition on CTS or 
CD pin leads to state 2 without an immediate change 
in RRO register. 
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APPENDIX C 
THE 82530 SCC - 80186 INTERFACE AP BRIEF 



INTRODUCTION 



INTERFACE OVERVIEW 



The object of this document is to give the 82530 system 
designer an in-depth worst case design analysis of the 
typical interface to a 80186 based system. This docu- 
ment has been revised to include the new specifications 
for the 6 MHz 82530. The new specifications yield bet- 
ter margins and a 1 wait state interface to the CPU (2 
wait states are required for DMA cycles). These new 
specifications will appear in the 1987 data sheet and 
advanced specification information can be obtained 
from your local Intel sales office. The following analy- 
sis includes a discussion of how the interface TTL is 
utilized to meet the timing requirements of the 80186 
and the 82530. In addition, several optional interface 
configurations are also considered. 



The 82530 - 80186 interface requires the TTL circuitry 
illustrated in Figure 1. Using five 14 pin TTL packages, 
74LS74, 74AS74, 74AS08, 74AS04, and 74LS32, the 
following operational modes are supported: 

• Polled 

• Interrupt in vectored mode 

• Interrupt in non-vectored mode 

• Half-duplex DMA on both channels 

• Full-duplex DMA on channel A 

A brief description of the interface functional require- 
ments during the five possible BUS operations follows 
below. 
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Figure 1. 82530-80186 Interface 
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UNITS: 12SNS/18 




Figure 2. 80186-82530 Interface Read Cycle 
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Figure 3. 80186-82530 Interface Write Cycle 



READ CYCLE: The 80186 read cycle requirements are 
met without any additional logic, Figure 2. At least one 
wait state is required to meet the 82530 tAD access 
time. 

WRITE CYCLE: The 82530 requires that data must be 
valid while the WR pulse is low, Fig ure 3. A D Flip- 
Flop delays the leading edge of WR until the falling 
edg e of CLOCKQUT when data is guaranteed vahd 
and WR is guaranteed active. The CLOCKOUT signal 



is inverted to assure that WR is active low before the D 
Flip-Flop is clock ed. N o wait states are necessary to 
meet the 82530's WR cycle requirements, but one is 
assumed from the RD cycle. 

INTA CYCLE: During an interru pt acknowledge cy- 
cle, the 80186 provides two INTA pulses, one per bus 
cycle, separate d by tw o idle states . Th e 82530 expects 
only one long INTA puls e wit h a RD pulse occurring 
only after the 82530 lEI/IEO daisy chain settles. As 
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Figure 4. 82530-80186 INTA Cycle 



illustrated in Figure 4, the INTA signal is sampled on 
the rising edge of CLK (82530). Two D Flip-Flops and 
two TTL gates, U2 an d U5, are implemented to gener- 
ate the proper INTA and RD pulses. Also, the INT 
signal is passively pulled high, through a 1 k resistor, 
and inverted through U3 to meet the 80186*s active 
high requirement. 

DMA CYCLE: Conveniently, the 80186 DMA cycle 
timings are the sajne as generic read and write opera- 
tions. Therefore, with two wait states, only two modifi- 
cations to the DMA request signals are necessary. 
First, the RDYREQA signal is inverte d through U3 
similar to the INT signal, and second the DTR/REQA 
signal is conditioned through a D Flip-Flop to prevent 
inadve rtent back to back DMA cycles. Because the 
82530 DTR/REQA signal remains active low for over 
five CLK (82530)'s, an additional DMA cycle could 
occur. Th is uncertain condition is corrected when U4 
resets the DTR/REQ signal inactive high. Full Duplex 
on both DMA channels can easily be supported with 
one extra D Flip-Flop and an inverter. 

RESET: The 82530 does not have a dedicated RESET 
inpu t. In stead, the simultaneous assertion of both RD 
and WR causes a hardware reset. This hardware reset 
is implemented through U2, U3, and U4. 

ALTERNATIVE INTERFACE 
CONFIGURATIONS 

Due to its wide range of applications, the 82530 inter- 
face can have many varying configurations. In most of 
these applications the supported modes of operation 



need not be as extensive as the typical interface used in 
this analysis. Two alternative configurations are dis- 
cussed below. 

8288 BUS CONTROLLER: An 80186 based system 
implementing an 8288 bus controller will not require 
the preconditioning of the WR signal through the D 
Fli p-Flop U 4. When utilizing an 8288, the control sig- 
nal lOWC does not go active until data is valid, there- 
fore, meeting the timing requirements of the 82530. In 
such a configu ration, it will be necessary to logically 
OR the lOWC with reset to accommodate a hardware 
reset operation. 

NON-VECTORED INTERRUPTS: If the 82530 is to 
be operated in the non-vectored interrupt mode (B step 
only), the interface will not require Ul or U5. Instead, 
INTA on the 8 2530 sho uld be pulled high, and pin 3 of 
U2^(RD AND RESET) should be fed directly into the 
RD input of the SCC. 

Obviously, the amount of required interface logic is ap- 
plication dependent and in many cases can be consider- 
ably less than required by the typical configuration, 
supporting all modes of SCC operation. 



DESIGN ANALYSIS 

This design analysis is for a typical microprocessor sys- 
tem, pictured in Figure 5. The Timing analysis assumes 
an 8 MHz 80186 and a 6 MHz 82530 being clocked at 
4 MHz. The 4 MHz clock is the 80186 CLKOUT di- 
vided by two by a flip-flop (U6). Also, included in the 
analysis are bus loading, and TTL-MOS compatibility 
considerations. 
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Figure 5. Typical IVIicroprocessor System 



Bus Loading and Voltage Level 
Compatabillties 

The data and address lines do not exceed the drive ca- 
pabiUty of either 80186 or the 82530. There are several 
control lines that drive more than one TTL equivalent 
input. The drive capability of these lines are detailed 
below. 

WR: The WR signal drives U3 and U4. 

* lol (2.0 mA) > lil (-0.4 mA + -0.5 mA) ' 
loh (-400 julA) > lih (20 iiA + 20 fxA) 



PCS5: The PCS5 signal drives U2 and U4. 

* lol (2.0 mA) > in (-0.5 mA + -0.5 mA). 
loh (-400 juA) > lih (20 jaA + 20 jaA) 



INTA: The INTA signal drives 2(U1) and U5. 

* lol (2.0 mA) > lil (-0.4 mA + -0.8 mA + -0.4 mA) 
loh (-400 juiA) > lih (20 jut A + 40 jaA + 20 /xA) 

All the 82530 I/O pins are TTL voltage level compati- 
ble. 



TIMING ANALYSIS 

Certain symbolic conventions are adhered to through- 
out the analysis below and are introduced for clarity. 

1. All timing variables with a lower case first letter are 
82530 timing requirements or responses (i.e., tRR). 

2. AH timing variables with Upper case first letters are 
80186 timing responses or requirements Unless pre- 
ceded by another device's alpha-numeric code (i.e., 
Tclcl or '373 Tpd). 

3. In the wri te cy cle analysis, the timing variable 
TpdWR186-WR530 represents the propagation de- 
lay between the leading or traili ng ed ge of the WR 
signal leav ing t he 80186 and the WR edge arrival at 
the 82530 WR input. 



Read Cycle 

1. tAR: Address valid to RD active set up time for the 
82530. Since the propagation delay is the worst case 
path in the assumed typical system, the inargin is calcu- 
lated only for a propagation delay constrained and not 
an ALE limited path. The spec value is 0 ns minimum. 



* 1 Tclcl - Tclav(max) - 
2(U2) Tpd(min) - tAR(min) 



'245 Tpd(max) + Tclrl(mln) + 



= 125 - 55 - 20.8 + 10 + 2(2) - 0 = 63.2 ns margin 
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2. tRA: Address to RD inactive hold time. The ALE 
delay is the worst case path and the 82530 requires 0 ns 
minimum. 

* 1 Tclcl - Tclrh (max) + Tchlh(mln) + '373 LE 
Tpd(mln) - 2(U2) Tpd(max) 

= 55 - 55 + 5 + 8- 2(5.5) = 2 ns margin 

3. tCLR: CS active low to RD active low set up time. 
The 82530 spec value is 0 ns minimum. 

* 1 Tdcl - Tclcsv(max) - Tclrl(min) - U2 
skew(RD - CS) + U2 Tpd(min) 

= 125 - 66 - 10 - 1 + 2 = 50 ns margin 

4. tRCS: RD inactive to CS inactive hold time. The 
82530 spec calls for 0 ns minimum. 

* Tcscsx(min) - U2 skew(RD - C§) - U2 Tpd(max) 
= 35 - 1 - 5.5 = 28.5 ns margin 

5. tCHR: CS inactive to RD active set up time. The 
82530 requires 5 ns minimum. 

* 1 Tclcl + 1 Tchcl - Tchcsx(max) + Tclrl(min) - U2 
skew (RD - C§) + U2 Tpd(min) - tCHR 

= 125 + 55 - 35 - 10 - 1 + 2 - 5 = 131 ns margin 

6. tRR: RD pulse active low time. One 80186 wait state 
is included to meet the 150 ns minimum timing require- 
ments of the 82530. 

* Trlrh(min) + 1(TcIciwait state) - 2(U2 skew) - tRR 
= (250-60) + 1(125) ~ 2(1) - 150 = 173 ns margin 

7. tRDV: RD active low to data valid maximum delay 
for 80186 read data set up time (Tdvcl = 20 ns). The 
margin is calculated on the Propagation delay path 
(worst case). 

* 2 Tclcl + 1(TGidwait state) - Tclrl(max) - Tdvcl(min) 
- '245 Tpd(max) - 82530 tRDV(max) - 2(U2) Tpd(max) 

= 2(125) + 1(125) - 70 - 20 - 14.2 - 106 - 2(5.5) 
= 154 ns margin 

8. tDF: 55 inactive t o data output float delay. The 
margin is calculated to DEN active low of next cycle. 

* 2 Tclcl + Tclch(min) - Tclrh(max) + Tchctv(mln) ~ 
2(U2) Tpd(max) - 82530 tDF(max) 

= 250 + 55 -55 + 10 - 11 - 70 = 179 ns margin 

9. tAD: Address required valid to read data valid maxi- 
mum delay. The 82530 spec value is 325 ns maximum. 



* 3 Tclcl + 1(Tclclwait state) - Tclav(max) - '373 
Tpd(max) - '245 Tpd - Tdvcl(min) tAD 

= 375 + 125 - 55 - 20.8 -14.2 - 20 -325 = 65'ns 
margin 



Write Cycle 

1. tAW: Address required valid to WR active low set 
up time. The 82530 spec is 0 ns minimum. 

* Tclcl_3 Tclav(ilnax) - Tcvctv(min) - '373 Tpcl(max) 
+ TpdWR186 - WR530(LOW) [Tclcl - Tcvctv(mln) + 
U3 Tpd(min) + U4 Tpd(min)] - tAW 

= 125 - 55 - 5 - 20.8 + [125 - 5 + 1 + 4.4] - 0 ' 
= 1 70.6 ns margin 

2. tWA: WR inactive to address invalid hold time. The 
82530 spec is 0 ns. 

* Tclch(min) - Tcvctx(max) + Tchlh(min) + '373 LE 
Tpd(min) - TpdWR186=WR630(HIGH) [U2'Tpd(max) + 
U3 Tpd(max) + U4 Tpd(max)] 

= 55 _ 55 + 5 + 8- [5.5 + 3 + 7.1] = -2.6 ns 
margin 

3. tCLW: Chip select active low to WR active low hold 
time. The 82530 spec is 0 ns. 

* 1 Tclcl - Tclcsy(max) + Tcvctv(min), ^ U2 Tpd(max) 
+ TpdWR186 = WR530(LOW) [Tclcl - Tcvctv(min) + U3 
Tpd(min) + U4Tpd(min)] . 

= 125 - 66 + 5 - 5.5 ,+ [125 - 5 + 1 + 4.4] = 
183.9 ns margin 

4. tWCS: WR invalid to Chip Select invalid hold time. 
82530 spec is 0 ns. 

* Tcxcsx(min) - U2 Tpd(max) - 
TpdWR186 = WR530(HIGH) [U2 Tpd(max) + U3 
Tpd(max) + U4 Tpd(max)] 

= 35 + 1.5 - [5,5 + 3 + 7.1] = 20.9 ns margin 

5. tCHW: Chip Select inactive high to WR active low 
set up time. The 82530 spec is 5 ns. 

* 1 Tclcl + Tchcl(mln) + Tcvctv(min) - Tchcsx(max) - 
U2 Tpd(max) + TpdWR186 = WR530(LOW) LTclcl - 
Tcvctv(rnin) + U3 Tpd(min) + U4 Tpd(min)] - tCHW 

= 125 + 55 + 5 - 35 - 5.5 + [125.-5 + 1 + 4.4] - 
5 = 264 ns margin , 

6. tWW: WR active low pulse. 82i530 requires: a mini- 
miim of 60 ns from the falling to the rising edge of WR. 
This includes one wait state. 
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* Twiwh [2Tclcl - 40] + 1 (Tclclwait state) - TpdWR/ 
186-WR530(LOW) [Tclcl - Tcvctv(min) + U3 Tpd(max) 
+ U4Tpd(max)] + TpdWR/186 = WR/530(HIGH) [U2 
Tpd(min) US Tpd(min) + U4 Tpd(min)] - tWW 

= 210 + 1(125) - [125 - 5 + 4.5 + 9.2] - [1.5 + 1 
+ 3.2] - 60 = 135.6 ns margin 

7. tDW: Data valid to WR active low setup time. The 
82530 spec requires 0 ns. 

* Tcvctv(min) - Tcldv(max) - '245 Tpd(max) + 
TpdWR186-WR530(LOW) [Tclcl - Tcvctv(min) + U3 
Tpd(min) + U4 Tpd(min)l 

= 5 - 44 - 14.2 + 125 - 5 + 1.0 + 4.4 = 72.2 ns 
margin 

8. tWD: Data valid to WR inactive high hold time. The 
82530 requires ^ hold time of 0 ns. 

* Tclch - skew {Tcvctx(max) + Tcvctx(min)j + '245 
OETpd(min) - TpdWR186-WR530(HIGH) [U2 Tpd(max) 
+ U3 Tpd(max) + U4 Tpd(max)] 

= 55 - 5 + 11.25 - [5.5 + 3.0 + 7.1] = -50.6 ns 
margin 



INTA Cycle: 

L tIC: This 82530 spec implies that the INTA signal is 
latched internally on the rising edge of CLK (82530). 
Theref ore the maximum delay between the 80186 as- 
serting INTA active low or inactive high and the 82530 
internally recognizing the new state of INTA is the 
propagation delay through Ul plus the 82530 CLK pe- 
riod. 

* Ul Tpd(max) + 82530 CLK period 
= 45 -f 250 = 295 ns 



2. tCI: rising edge of CLK to INTA hold time. This 
spec requires that the state of INTA remains constant 
for 100 ns after the rising edge of CLK. If this spec is 
violated any change in the state of INTA may not be 
internally latc hed in t he 82530. t CI beco mes critical at 
the end of an INTA cycle when INTA goes inactive. 
When calculating margins with tCI, a n extra 82530 
CLK period must be added to the INTA inactive delay. 

3. tlW: INTA inactive high to WR active low mini- 
mum setup time. The spec pertains only to 82530 WR 
cycle and has a val ue of 55 ns. The margin is calculated 
ass uming an 82530 WR cycle occurs immediately after 
an IN TA cy cle. Since the CPU cycles following an 
82530 INTA cycle are devoted to locating and execut- 
ing the proper interrupt service routine, this condition 



should never exist. 82530 drive rs shou ld i nsure that at 
least one CPU cycle separates INTA and WR or RD 
cycles. 



4. tWI: WR inactive high to INTA active low mini- 
mum hold time. The spec i s 0 ns and the margin as- 
sumes CLK coincident with INTA. 

* Tclcl - Tcvctx(max) - TpdWR186 - WR530(HIGH) 
[U3 Tpd(max) + U4 Tpd(max)] + Tcvctv(min) + Ul 
Tpd(min) 

= 125 - 55 - [5.5 + 3 + 7.1] + 5 + 10 = 69.4 ns 
margin 



5. tIR: INTA inactive high to RD active low minimum 
setup time. This spec pertains only to 82530 RD cycles 
and has a value of 55 ns. The margin is calculated in 
the same manner as tlW. 

6. tRI: RD inactive high to INTA active low minimum 
hold time. The spec is 0 ns and the margin assumes 
CLK coincident with INTA. 

* Tclcl - Tclrh(max) - 2 U2 Tpd(max) + Tcvctv(min) 
+ Ul Tpd(min) 

= 125 - 55 - 2(5.5) + 5 + 10 = 74 ns margin 



7. tllD: INTA active low to RD active low minimum 
setup time. This parameter is system dependent. For 
any SCC in the daisy chain, tllD must be greater than 
the sum of tCEQ for the highest priority device in the 
daisy chain, tEI for this particular SCC, and tEIEO for 
each device separating them in the daisy chain. The 
typical system with only 1 SCC requires tllD to be 
greater than tCEQ. Since tEI occurs coincidently with 
tCEQ and it is smaller it can be neglected. Additional- 
ly, tEIEO does not have any relevance to a system with 
only one SCC. Therefore tllD > tCEQ = 250 ns. 

* 4 Tclcl + 2 Tidle states - Tcvctv(max) - tIC [Ul 
Tpd(max) + 82530 CLK period] + Tcvctv(min) + U5 
Tpd(min) + U2 Tpd(min) ~ tllD 

= 500 + 250 - 70 - [45 + 250] + 5 + 6 + 2 - 250 
= 148 ns margin 

8. tIDV: RD active low to interrupt vector vaUd delay. 
The 80186 expects the interrupt vector to be valid on 
the data bus a minimum of 20 ns before T4 of the sec- 
ond acknowledge cycle (Tdvcl). tIDV spec is 100 ns 
maximum. 

* 3 Tclcl - Tcvctv(max) - U5 TpdNax) - U2 
Tpd(max) - tlDV(max) - '245 Tpd(max) - TdvCI(min) 

= 375 - 70 - 25 - 5.5 - 100 - 14.2 - 20 = 140.3 
ns margin 
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9. tll: RD pulse low time. The 82530 requires a mini- 
mum of 125 ns. 

* 3 Tclcl - Tcvctv(max) - U5 Tpd(max) - U2 
Tpcl(max) + Tcvctx(min) + U5 Tpd(min) + U2 Tpd(min) 
- tll(min) 

= 375 - 70 - 25 - 5.5 + 5 + 6 + 1.5 - 125 = 
1 62 ns margin 



DMA Cycle 

Fortunately, the 80186 DMA controller emulates CPU 
read and write cycle operation during DMA transfers. 
The DMA transfer timings are satisfied using the above 
analysis. Because of the 80186 DMA request input re- 
quirements, two wait states are necess ary to prevent 
inadvertent DMA cycles. There are also CPUDMA in- 
tracycle timing considerations that need to be ad- 
dressed. 

1. tDRD: RD inactive high to D TRREQ ( REQUEST) 
inacti ve high delay. Unlike the READYREQ signal, 
DTRREQ does not immediately go inactiv e afte r the 
requested DMA transfer begins. Instead, the DTRREQ 
remains active for a maximum of 5 tCY + 300 ns. This 
delayed request pulse could trigger a second DMA 
transfer. To avoid this undesira ble con dition, a D Flip 
Flop is implemented to reset the DTRREQ signal inac- 
tive low following the initiation of the requested DMA 
transfer. To determine if back to back DMA transfers 
are required in a source synchronized configuration, 
the 80186 DMA controller samples the service request 
Hne 25 ns before Tl of the deposit cycle, the second 
cycle of the transfer. 

* 4 Tclcl - Tclcsv(max) - U4Tpd(max) - Tdrqcl(min) 
= 500 - 66 - 10.5 - 25 = 398.5 ns margin 

2. tRRI: 82530 R5 active low to REQ inactive high 
delay. Assuming source synchronized DMA transfer, 
the 80186 requires only one wait state to meet the tRRI 
spec of 200 ns. Two are included for consistency with 
tWRI. 

* 2 Tclcl + 2(Tclciwait state) - Tclrl(max) - 2(U2) 
Tpd(max) - Tdrqcl - tRRI 



3. tWRI: 82530 WR active low to REQ inactive high 
delay. Assuming destination synchronized DMA trans- 
fers, the 80186 needs two wait states to meet the tWRI 
spec. This is because the 80186 DMA controller sam- 
ples requests two clocks before the end of the deposit 
cycle . This leaves only 1 Tclcl + n(wait states) minus 
WR active delay for the 82530 to inactivate its REQ 
signal. 

* Tclc l + 2(Tclclwait state) - Tcvctv(min) - 
TpdWR186-WR530(LOW) [Tclcl - Tcvctv(min) + U3 
Tpd(max) + U4 Tpd(max)] - Tdrqcl - tWRI 

= 375 - 5 - [125 - 5 + 4.5 + 9.2] - 25 ~ 200 = 
1 1 .3 ns margin 

NOTE: 

If one wait state DMA inte rface is required, external 
logic, like that used on the DTRREQ signal, can be 
used to force the 82530 REQ signal inactive. 

4. tREC: CLK recovery time. Due to the internal data 
path, a recovery period is required between SCC bus 
transactions to resolve metastable conditions internal to 
the SCC. The DMA request lines are masked from re- 
questing service until after the tREC has elapsed. In 
addition, the CPU should not be allowed to violate this 
recovery period when interleaving DMA transfers and 
CPU bus cycles. Software drivers or external logic 
should orchestrate the CPU and DMA controller oper- 
ation to prevent tREC violation. In this example cir- 
cuit, tREC could be improved by clocking the '530 with 
a 6 MHz clock. 



Reset Operation 

During hardware reset, the system RESET signal is as- 
serted high for a minimum o f fou r 80 186 clock cycles 
(1000 ns). The 82530 requires WR and RD to be simul- 
taneously asserted low for a minimum of 250 ns. 

* 4 Tclcl - U3 Tpd(max) - 2(U2) Tpd(max) + U4 
Tpd(min) - tREC 

= 1000 - 17.5 - 2(5.5) + 3.5 - 250 ns = 725 ns 
margin 



= 2(125) + 2(125) - 70 - 2(5.5) - 200 = 219 ns 
margin 
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8291A 

GPIB TALKER/LISTENER 



Designed to Interface Microprocessors 
(e.g., 8048/49, 8051, 8080/85, 8086/88) 
to an IEEE Standard 488 Digital 
Interface Bus 

Programmable Data Transfer Rate 

Complete Source and Acceptor 
Handshake 

Complete Talker and Listener 
Functions with Extended Addressing 

Service Request, Parallel Poll, Device 
Clear, Device Trigger, Remote/Local 
Functions 

Selectable Interrupts 

On-Chip Primary and Secondary 
Address Recognition 

Automatic Handling of Addressing and 
Handshake Protocol 

Provision for Software Implementation 
of Additional Features 



1-8 MHz Clock Range 

16 Registers (8 Read, 8 Write), 2 for 
Data Transfer, the Rest for Interface 
Function Control, Status, etc. 

Directly Interfaces to External Non- 
Inverting Tranceivers for Connection to 
the GPIB 

Provides Three Addressing Modes, 
Allowing the Chip to be Addressed 
Either as a Major or a Minor Talker/ 
Listener with Primary or Secondary 
Addressing 

DMA Handshake Provision Allows for 
Bus Transfers without CPU Intervention 

Trigger Output Pin 

On-Chip EOS (End of Sequence) 
Message Recognition Facilitates 
Handling of Multi-Byte Transfers 



The 8291 A is an enhanced version of the 8291 GPIB Talker/ Listener designed to interface microprocessors to 
an IEEE Standard 488 Instrumentation Interface Bus. It implements all of the Standard's interface functions 
except for the controller. The controller function can be added with the 8292 GPIB Controller, and the 8293 
GPIB Transceiver performs the electrical interface for Talker/ Listener and Talker/ Listener/Controller configu- 
rations. 



iO 



ic 



8 READ 
REGISTERS 



c 



8 WRITE 
— REGISTERS 



::> 



n 



T/R CONTROL 



TO NON INVERTING 
BUS TRANSCEIVERS 



MESSAGE 
DECODER 



Figure 1. Blocl( Diagram 




205248-2 

Figure 2. Pin Configuration 



November 1986 
Order Number: 205248-002 



8291A 



8291A FEATURES AND 
IMPROVEMENTS 

The 8291 A is an improved design of tlie 8291 GPIB 
Talker/ Listener. l\^ost of the functions are identical 
to the 8291 , and the pin configuration is unchanged. 

The 8291 A offers the following improvements to the 
8291: 

1 . EOT is active with the data as a ninth data bit rath- 
er than as a control bit. This is to comply with 
some additions to the 1975 IEEE-488 Standard 
incorporated in the 1 978 Standard. 

2. The BO interrupt is not a ssert ed until RFD is true. 
If the Controller asserts ATN synchronously, the 
data is guarante ed to be transmitted, If the Con- 
troller asserts ATN asynchronously, the SH 
(Source Handshake) will return to SIDS (Source 
Idle Stat e), a nd the output data will be cleared. 
Then, if ATN is released while the 8291 A is ad- 
dressed to talk, a new BO interrupt will be gener- 
ated. This change fixes 8291 problems which 
caused data to be lost or repeated and a problem 
with the RQS bit (sometimes cannot be asserted 
while talking). 

3. LLOC and REMC interrupts are setting flipflops 
rather than toggling flipflops in the interrupt back- 
up register. This ensures that the CPU knows that 
these state changes have occurred. The actual 
state can be determined by checking the LLO and 
REM status bits in the upper nibble of the Inter- 
rupt Status 2 Register. 

4. DREQ is cleared by DACK (R D -f WR ). DREG on 
the 8291 was cleared only by DACK which is not 
compatible with the 8089 I/O Processor. 

5. The INT bit in Interrupt Status 2 Register is dupli- 
cated in bit 7 of the Address 0 Register. If soft- 
ware polling is used to check for an interrupt, INT 
in the Address 0 Register should be polled rather 
than the Interrupt Status 2 Register. This ensures 
that no interrupts are lost due to asynchronous 
status reads and interrupts. 

6. The 8291 A's Send EOl Auxiliary Command works 
on any byte including the first byte of a message. 
The 8291 did not assert EOl after this command 
for a one byte message nor on two consecutive 
bytes. 

7. To avoid confusion between holdoff on DAV ver- 
sus RFD if a device is readdressed from a talker 



to a listener role or vice-versa during a holdoff, 
the "Holdoff on Source Handshake" has been 
eliminated. Only "Holdoff on Acceptor Hand- 
shake" is available. 

8. The rsv local message is cleared automatically 
upon exit from SPAS if (APRS:STRS:SPAS) oc- 
curred. The automatic resetting of the bit after the 
serial poll is complete simplifies the service re- 
quest software. 

9. The SPASC interrupt on the 8291 has been re- 
, placed by the SPC (Serial Poll Complete) interrupt 

on the 8291 A. SPC interrupt is set on exit from 
SPAS if APRS:STRS:SPAS occurred, indicating 
that the controller has read the bus status byte 
after the 8291 A requested servrce. The SPASC 
interrupt was ambiguous beqause a controller 
could enter SPAS and exit SPAS generating two 
SPASC interrupts without reading the serial poll 
status byte. The SPC Interrupt also simplifies the 
CPU's software by eliminating the interrupt when 
the serial poll is half way done, 

10. The rtl Auxiliary Command in the 8291 has been 
replaced by Set and Clear rtl Commands in the 
8291 A. Using the new commands, the CPU has 
the flexibility to extend the length of local mode 
or leave it as a short pulse as in the 8291. 

11. A holdoff RFD on GET, SDC, and DCL feature 
has been added to prevent additional bus activi- 
ty while the CPU is responding to any of these 
commands. The feature is enabled by a new bit 
(B4) in the Auxiliary Register B. 

12. On the 8291, BO could cease to occur upon IFC 
going false if IFC occurred asynchronously. On 
the 8291 A, BO continues to occur after IFC has 
gone false even if it arrived asynchronously. 

13. User's software can distinguish between the 
8291 and the 8291 A as follows: 

a) pon (OOH to register 5) 

b) RESET (02H to register 5) 

c) Read Interrupt Status 1 Register. If BO inter- 
rupt is set, the device is the 8291. if BO is 
clear, it is the 8291 A. 

This can be used to set a flag in the user's soft- 
ware which will permit special routines to be exe- 
cuted for each device. It could be included as 
part of a normal initialization procedure as the 
first step after a chip reset. 



3-2 




8291A 



Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


D0-D7 


12-19 


I/O 


DATA BUS PORT: To be connected to microprocessor data 
bus. 


RS0-RS2 


21-23 


1 


REGISTER SELECT: Inputs, to be connected to three 
nonmultiplexed microprocessor address bus lines. Select 

whiph nf thn ft intnrnfll rpnH ^writp^ mniQtArQ will Hp tpaH frnm 

Wl llwl 1 \Jl 11 10 \J IIIIC7IIICII 1 CCIVJ yWlllwy 1 wUIOl^l 0 will 1 CClvi llVi/lll 

(written into) with the execution of RD (WR). 


CS 


8 


1 


CHIP SELECT: When low, enables reading from or writing into 
the register selected by RS0-RS2. 


RD 


9 


1 


READ STROBE: When low with CS or DACK low, selected 
register contents are read. 


WR 


10 


1 


WRITE STROBE: When low with CS or DACK low, data is 
written into the selected register. 


INT (INT) 


11 


0 


INTERRUPT REQUEST: To the microprocessor, set high for 
request and cleared when the appropriate register is 
accessed by the CPU. May be software configured to be 
active low. 


DREQ 


6 


0 


DMA REQUEST: Normally low, set high to indicate byte 
output or byte input in DMA mode; reset by DACK. 


DACK 


7 


1 


DMA ACKNOWLEDGE: When low, resets DREQ and selects 
data in/data out register for DMA data transfer (actual transfer 
done by RD/WR pulse). 
Must be high if DMA is not used. 


TRIG 


5 


0 


TRIGGER OUTPUT: Normally low; generates a triggering 
pulse with 1 jusec min. width in response to the GET bus 
command or Trigger auxiliary command. 


CLOCK 


3 


1 


EXTERNAL CLOCK: Input, used only for T, delay generator. 
May be any speed in 1 -8 MHz range. 


RESET 


4 


1 


RESET INPUT: When high, forces the device into an "idle" 
(initialization) mode. The device will remain at "idle" until 
released by the microprocessor, with the "Immediate Execute 
pon" local message. 


DiOi-DiOs 


28-35 


I/O 


8-BIT GPIB DATA PORT: Used for bidirectional data byte 
transfer between 8291 A and GPIB via non-inverting external 
line transceivers. 


DAV 


36 


I/O 


DATA VALID: GPIB handshake control line. Indicates the 
availability and validity of information on the DIO1 -DIOs and 
EOl lines. 


NRFD 


37 


I/O 


NOT READY FOR DATA: GPIB handshake control line. 
Indicates the condition of readiness of device(s) connected to 
the bus to accept data. 


NDAC 


38 


I/O 


NOT DATA ACCEPTED: GPIB handshake control line. 
Indicates the condition of acceptance of data by the device(s) 
connected to the bus. 


aTn 


26 


1 


ATTENTION: GPIB command line. Specifies how data on DiO 
lines are to be interpreted. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Function 


Tfc 


24 


1 


INTERFACE CLEAR: GPIB command line. Places the 
interface functions in a known quiescent state. 


SRQ 


27 


0 


SERVICE REQUEST: GPIB command line. Indicates the need 
for attention and requests an interruption of the current 
sequence of events on the GPIB. 


REN 


25 


1 


REMOTE ENABLE: GPIB command line. Selects (in 
conjunction with other messages) remote or local control of 
the device. 


EOl 


39 


I/O 


END OR IDENTITY' (^PIR rnmmpinri linp InHippitPQ thp pnH nf 

V V/ri lli/bl^ III ■■VrflrlD V/V/l 1 II 1 loll t\J III IC II lUIUCllCO 11 IKS v7l t\J \Ji 

a multiple byte transfer sequence or, in conjunction with ATN, 
addresses the device during a polling sequence. 


T/R1 




0 


EXTERNAL TRANSCEIVERS CONTROL LINE- Set hiah to 
indicate output data/signals on the DIO1 -DIOs and DAV lines 
and input signals on the NRFD and NDAC lines (active source 
handshake). Set low to indicate input data/signals on the 
DIO1 -DlOa and DAV lines and output signals on the NRFD 
and NDAC lines (active acceptor handshake). 


T/R2 


2 


0 


EXTERNAL TRANSCEIVERS^NTROL LINE: Set to 

Indicate output signals on the EOl line. Set low to indicate 
expected input signal on the EOl line during parallel poll. 


Vcc 


40 


P.S. 


POSITIVE POWER SUPPLY: (5V ±10%). 


GND 


20 


P.S. 


CIRCUIT GROUND POTENTIAL 



NOTE: 

All signals on the 8291 A pins are specified with positive logic. However, IEEE 488 specifies negative logic on its 16 signal 
lines. Thus, the data is inverted once from D0-D7 to DIOq-DIOs and non-inverting bus transceivers should be used. 
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Figure 3. 8291 A System Diagram 
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THE GENERAL PURPOSE INTERFACE 
BUS (GPIB) 

The General Purpose Interface Bus (GPIB) is de- 
fined in the IEEE Standard 488-1978 "Digital Inter- 
face for Programmable Instrumentation." Although a 
knowledge of this standard is assumed, Figure 4 
provides the bus structure for quick reference. Also, 
Tables 2 and 3 reference the interface state mne- 
monics and the interface messages respectively. 
Modified state diagrams for the 8291 A are present- 
ed in Appendix A. 



General Description 

The 8291 A is a microprocessor-controlled device 
designed to interface microprocessors, e.g., 
8048/49, 8051, 8080/85, 8086/88 to the GPIB. It 
implements all of the interface functions defined in 
the IEEE-488 Standard except for the controller 
function. If an implementation of the Standard's 
Controller is desired, it can be connected with an 
Intel® 8292 to form a complete interface. 

The 8291 A handles communication between a mi- 
croprocessor-controlled device and the GPIB. Its ca- 
pabilities include data transfer, handshake protocol, 
talker/listener addressing procedures, device clear- 
ing and triggering, service request, and both serial 
and parallel polling. In most procedures, it does not 
disturb the microprocessor unless a byte has arrived 
(input buffer full) or has to be sent out (output buffer 
empty). 

The 8291 A architecture includes 16 registers. Eight 
of these registers may be written into by the micro- 
processor. The other eight registers may be read by 
the microprocessor. One each of these read and 
write registers is for direct data transfers. The rest of 
the write registers control the various features of the 
chip, while the rest of the read registers provide the 
microprocessor with a monitor of GPIB states, vari- 
ous bus conditions, and device conditions. 



GPIB Addressing 

Each device connected to the GPIB must have at 
least one address whereby the controller device in 
charge of the bus can configure it to talk, listen, or 



send status. An 8291 A implementation of the GPIB 
offers the user three alternative addressing modes 
for which the device can be initialized for each appli- 
cation. The first of these modes allows for the de- 
vice to have two separate primary addresses. The 
second mode allows the user to implement a single 
talker/listener with a two byte address (primary ad- 
dress + secondary address). The third mode again 
allows for two distinct addresses but in this instance, 
they can each have a ten-bit address (5 low-order 
bits of each of two bytes). However, this mode re- 
quires that the secondary addresses be passed to 
the microprocessor for verification. These three ad- 
dressing schemes are described in more detail in 
the discussion of the Address Registers. 
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Figure 4. Interface Capabilities and 
Bus Structure 
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Table 2. IEEE 488 Interface State Mnemonics 



Mnemonic 



ACDS 

ACRS 

AIDS 

ANRS 

APRS 

AWNS 

cms 



CPFS 
OFWB 
.C5SBS 
CSNS 

mm ^ 

€$W$ 

CTOS 

bCAS 

DCIS 

DTAS 

DTIS 

LACS 

LADS 

LIDS 

LOGS 

LPAS 

LPIS 

LWLS 

NPRS 

PACS 

PPAS 
PPIS 



State Represented 



Accept Data State 
Acceptor Ready State 
Acceptor Idle State 
Acceptor Not Ready State 
Affirmative Poll Response State 
Acceptor Wait for New Cycle State 



Controller' $irvl<^e M<:>t R^cjyeattd ^tate 

C0«troller Synolirwyi W^tStitt 
OMtrolierTran$fer^tate. 
Device Clear Active State 
Device Clear Idle State 
Device Trigger Active State 
Device Trigger Idle State 
Listener Active State 
Listener Addressed State 
Listener Idle State 
Local State 

Listener Primary Addressed State 
Listener Primary Idle State 
Local With Lockout State 
Negative Poll Response State 
Parallel Poll Addressed to Configure 
State 

Parallel Poll Active State 
Parallel Poll Idle State 



Mnemonic 


State Represented 


DDQC 

rroo 


raraiiei roii oianauy oiaie 


Di ir'c 


raraiiei roii unaaaresseo lo uonrigure 




Cf A+A 

otate 


DCkAQ. 

ncMo 


Remote State 


□\A/i e 
nWLo 


Hemote witn lockout otaie 




oysiem uoniroi aciivs oiaie 


cnvc 


Source Delay State 




oource oeneraie oiaie 


Ql AC 


oysiem ooniroi inierrace oiear Acxive 




otate 




Source Idle State 


cue 
olio 


System Control Interface Clear Idle 




oiaie 


CIMC 


oysxem uonxroi inierrace uiear inox 




Aciive oiaie 


CI\A/C 

olWo 


oource laie wan oiaie 


CM AC 


oysiem uoniroi inoi Aciive oiaie 


CDAC 
OrAO 


oeriai roii Active otate 


CDIC 
orlo 


oeriai roii laie otate 


Or Mo 


oenai r on moqc oiat6 


CQ AC 

oriAo 


oysiem uoniroi nemote cnaoie Active 




Cl-At A 

otate 


CDiC 

orilo 


oysiem uontroi nemote tmauie laie 




otate 


SRNS 


System Control Remote Enable Not 




Active State 


SRQS 


Service Request State 


STRS 


Source Transfer State 


SWNS 


Source Wait for New Cycle State 


TACS 


Talker Active State 


TADS 


Talker Addressed State 


TIDS 


Talker Idle State 


TPIS 


Talker Primary Idle State 



The Controller function is Implemented on the Intel® 8292. 



Table 3. IEEE 488 Interface Message Reference List 



Mnemonic 


Message 


Interface Functlon(s) 


LOCAL MESSAGES RECEIVED (By Interface Functions) 




gtsd) 


go to standby 


C 


ist 


individual status 


PP 


Ion 


listen only 


U LE 


Ipe 


local poll enable 


PP 


nba 


new byte available 


SH 


pon 


power on 


SH, AH, T, TE, L, LE, SR, RL. PP, C 


rdy 


ready 


AH 


rppd) 


request parallel poll 


C 


rscd) 


request system control 


C 


rsv 


request service 


SR 


rtl 


return to local 


RL 


sicd) 


send interface clear 


C 


sred) 


send remote enable 


C 


tcad) 


take control asynchronously 


C 
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Table 3. IEEE 488 Interface Message Reference List (Continued) 



Mnemonic 


Message 


Interface Functlon(s) 


tcsd) 


take control synchronously 


AM C 


ton 


talk only 


T TF 


REMOTE MESSAGES RECEIVED 




ATN 


Attention 


AH T TF 1 1 F PP H 


DAB 


Data Byte 


(Via L, Ltz) 


DAC 


Data Accepted 


QUI 

on 


DAV 


Data Valid 


AU 


DCL 


Device Clear 




END 


End 


A/io 1 1 F\ 


GET 


Group Execute Trigger 


U 1 


GTL 


Go to Local 


Dl 
ML 


IDY 


Identify 


1 1 F PP 


IFC 


Interface Clear 


T TF 1 1 F P 


LLO 


Local Lockout 


Dl 

riL 


MLA 


My Listen Address 


1 1 F Di T TF 
L, LC, rlL, 1 , 1 C 


MSA 


My Secondary Address 


TF 1 F Rl 
1 c, 1-1— t ni_ 


MTA 


My Talk Address 


T TF I IF 


OSA 


Other Secondary Address 


TF 


OTA 


Other Talk Address 


T TF 


PCG 


Primary Command Group 


TF 1 F PP 


PPC(2) 


Parallel Poll Configure 


PP 

rr 


[PPD](2) 


Parallel Poll Disable 


DD 

rr 


[PPE](2) 


Parallel Poll Enable 


PP 

rr 


PPRn(1) 


Parallel Poll Response N 




PPU(2) 


Parallel Poll Unconfigure 


PP 
r r 


REN 


Remote Enable 


Rl 
nL 


RFD 


Ready for Data 


on 


RQS 


Request Service 


/v#io 1 1 F\ 
(Via L, LC.) 


[SDC] 


Select Device Clear 




SPD 


Serial Poll Disable 


T TF 


SPE 


Serial Poll Enable 


T TF 
1 , It. 


SQRd) 


Service Request 


(Via L»; 


STB 


Status Byte 


{\Aa 1 1 F^ 
(Via L, Ltl^ 


TCT or [TCT](1) 


Take Control 


c 


UNL 


Unlisten 


1 1 F 


REMOTE MESSAGES SENT 




ATN 


Attentions 


V-» 


DAB 


Data Byte 


A/la T TF\ 
(Via 1 , i 


DAC 


Data Accepted 


AM 

Mn 


DAV 


Data Valid 


c;m 
on 


DCL 


Device Clear 


(via C) 


END 


End 


(Via \) 


GET 


Group Execute Trigger 


(via C) 


GTL 


Go to Local 


(via C) 


IDY 


Identify 


C 


IFC 


Interface Clear 


C 


LLP 


Local Lockout 


(viaC) 


MLA or [MLA] 


My Listen Address 


(viaC) 


MSA or [MSA] 


My Secondary Address 


(via C) 


MTA or [MTA] 


My Talk Address 


(ViaC) 


OSA 


Other Secondary Address 


(via C) 



3-7 



a291A 



Table 3. IEEE 488 Interface Message Reference List (Continued) 



Mnemonic 


Message 


Interface Function(s)(3) 


OTA 


Other Talk Address 


yvia 




rnrriary oornmana oroup 


^via 


rrU 


Parallel Poll Configure 


(Via 


IrrUJ 


raraiiei roii uisauie 


(Via u) 


IrPhJ 


raraiiei roii tnaDie 


A#i« r*\ 

(Via U) 




Parallel Poll Response N 


DD 


PPI 1 


raraiiei roii unconiigure 


(Via 


DUNI 
ntlN 


Remote Enable 


u 


RFD 


Ready for Data 


AH 


RQS 


Request Service 


T.TE 


[SDCI 


Selected Device Clear 


(viaC) 


SPD 


Serial Poll Disable 


(via C) 


SPE 


Serial Poll Enable 


(via C) 


SRQ 


Service Request 


SR 


STB 


Status Byte 


(viaTJE) 


TCT 


Take Control 


(viaC) 


UNL 


Unlisten 


(viaC) 



NOTES: 

1 . These messages are handled only by Intel's 8292. 

2. Undefined commands which may be passed to the microprocessor. 

3. All Controller messages must be sent via Intel's 8292. 



8291 A Registers 

A bit-by-bit map of the 16 registers on the 8291 A is 
presented in Figure 5. A more detailed explanation 
of each of these registers and their functions fol- 
lows. The access of these registers by the micro- 
processor is accomplished by using the CS, RD, 
WR, and RS0-RS2 pins. 



Register 


CS 


RD 


WR 


RS0-RS2 


All Read Registers 


0 


0 


1 


CCC 


All Write Registers 


0 


1 


0 


ccc 


High Impedance 


1 


d 


d 


ddd 



Data Registers 



D17 


D16 


D15 


D14 


D13 


D12 


D11 


D10 


DATA-IN REGISTER (OR) 


D07 


D06 


DOS 


D04 


D03 


D02 


D01 


DOO 



telling the 8291 A to release the holdoff. In this way, 
the same byte may be read several times, or an over 
anxious talker may be held off until all available data 
has been processed. 

When the 8291 A is addressed to talk, it uses the 
data-out register to move data onto the GPIB. After 
the BO interrupt is received and a byte is written to 
this register, the 8291 A initiates and completes the 
handshake while sending the byte out over the bus. 
In the BO interrupt disable mode, the user should 
wait until BO is active before writing to the register. 
(In the DMA mode, this will happen automatically.) A 
read oif the Data-in Register does not destroy the 
information in the Data-Out Register. 

Interrupt Registers 



DATA-OUT REGISTER (OW) 

The Data-in Register is used to move data from the 
GPIB to the microprocessor or to memory when the 
8291 A is addressed to listen. Incoming information 
is separately latched by this register, and its con- 
tents are not destroyed by a write to the data-out 
register. The RFD (Ready for Data) message is held 
false until the byte is removed from the data in regis- 
ter, either by the microprocessor or by DMA. The 
8291 A then completes the handshake automatically. 
In RFD holdoff mode (see Auxiliary Register A), the 
handshake is not finished until a command is sent 
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INT 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD1-0 
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Figure 5. 8291A Registers 
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The 8291 A can be configured to generate an Inter- 
rupt to the microprocessor upon the occurrence of 
any of 12 conditions or events on the GPIB. Upon 
receipt of an interrupt, the microprocessor must read 
the Interrupt Status Registers to determine which 
event has occurred, and then execute the appropri- 
ate service routine (if necessary). Each of the 12 
interrupt status bits has a matching enable bit in the 
interrupt enable registers. These enable bits are 
used to select the events that will cause the INT pin 
to be asserted. Writing a logic "1" into any of these 
bits enables the corresponding interrupt status bits 
to generate an interrupt. Bits in the Interrupt Status 
Registers are set regardless of the states of the en- 
able bits. The Interrupt Status Registers are then 
cleared upon being read or when a local pon (power- 
on) message is executed. If an event occurs while 
one of the Interrupt Status Registers is being read, 
the event is held until after its register is cleared and 
then placed in the register. 

NOTE: 

Reading the interrupt status registers clears the bits 
which were set. The software must examine all 
relevant bits in the interrupt status registers before 
disregarding the value or an important interrupt may 
be missed. 



The mnemonics for each of the bits in these regis- 
ters and a brief description of their respective func- 
tions appears in Table 4. This table also indicates 
how each of the interrupt bits is set. 

NOTE: 

The INT bit in the Address 0 Register is a duplicate 
of the INT bit in the Interrupt Status 2 Register. It is 
only a status bit. It does not generate interrupts and 
thus does not have a corresponding enable bit. 

The BO and Bl interrupts enable the user to perform 
data transfer cycles. BO indicates that a data byte 
should be written to the Data Out Register. It is set 
by TAGS • (SWNS + SONS) • RFD. It is reset when 
the data byte is written, ATN is asserted, or the 
8291 A exits TAGS. Data should never be written to 
the Data Out Register before BO is set. Similarly, Bl 
is set when an input byte is accepted into the 8291 A 
and reset when the microprocessor reads the Data 
In Register. BO and Bl are also reset by pon (power- 
on local message) and by a read of the Interrupt 
Status 1 Register. However, if it is so desired, data 
transfer cycles may be performed without reading 
the Interrupt Status 1 Register if all interrupts except 
for BO or Bl are disabled; BO and Bl will automati- 
cally reset after each byte is transferred. 
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Table 4. Interrupt Bits 











Indicates Undefined Commands 


CPT 


An undefined command has been received. 


Set by (TPAS+ LPAS)«SCG»ACDS«MODE 3 


APT 


A secondary address must be passed through 
to the microprocessor for recognition. 


Cpt hv nTA<^ 


GET 


A group execute trigger has occurred 


Oci uy \CWO "t" CV/l/^Ur^VyO 


END 


An EOS or EOl message has been received. 


Set by DCAS 


DEC 


Device Clear Active State has occurred 


Set by TACS«nba»DAC»RFD 


ERR 


Interface error has occurred; no listeners 
are active. 


TACS»(SWNS + SGNS) 


BO 


A byte should be output. 


Set by LACS'ACDS 


Bl 


A byte has been input 










Shows status of the INT pin 


INT 






The device has been enabled for a serial poll 


SPAS 




These are status only. They will not generate 
- interrupts, nor do they have corresponding 
mask bits. 


The device is in local lock out state. 

.(LWLS+RWLS> 


LLO 




The device is in a remote state. 


REM 






( QPKylC-4-RVA/l Qi 
( MtMOT-n WLO ) 
















SPAS -^§PAg if APRS:STRS:SPAS was true 


SPC 


Serial Poll Complete interrupt. 


LLq3>JO LLO 


LLOC 


Local lock out change interrupt. 


Remote__J-Ocal 


REMC 


Remote/Local change interrupt. 


Addresse(f^naddressed 


ADSC 


Address status change interrupt.' 








205248-24 


NOTE: 








1 . In ton (talk-only) and ton (listen-only) modes, no ADSC interrupt Is generated. 



If the 8291 A is used in the interrupt mode, the INT 
and DREQ pins can be dedicated to data input and 
output interrupts respectively by enabling Bl and 
DMAO, provided that no other interrupts are en- 
abled. This eliminates the need to read the interrupt 
Status registers if a byte is received or transmitted. 

The ERR bit is set to indicate the bus error condition 
when the 8291 A is an active talker and tries to send 
a byte to the GPIB, but there are no active listeners 
(e.g., all devices on the GPIB are in AIDS). The logi- 
cal equivalent of (nba • TAGS • DAG • RFD) will set 
this bit. 

The DEG bit is set whenever DGAS has occurred. 
The user must define a known state to which all de- 
vice functions will return in DGAS. Typically this 
state will be a power-on state. However, the state of 
the device functions at DGAS is at the designer's 
discretion. It should be noted that DGAS has no ef- 
fect on the interface functions which are returned to 
a known state by the IPG (interface clear) message 
or the pon local messsige. 

The END interrupt bit may be used by the microproc- 
essor to detect that a multi-byte transfer has been 



completed. The bit will be set when the 8291 A is an 
active listener (LAGS) and either EOS (provided the 
End on EOS Received feature is enabled in the Aux- 
iliary Register A) or EOl is received. EOS will gener- 
ate an interrupt when the byte in the Data In Regis- 
ter matches the byte In the EOS register. Othenvise 
the interrupt will be generated when a true input is 
detected on EOl. 

The GET interrupt bit is used by the microprocessor 
to detect that DTAS has occurred. It is set by the 
8291 A when the GET message is received while it is 
addressed to listen. The TRIG output pin of the 
8291 A fires when the GET message is received. 
Thus, the basic operation of device trigger may be 
started without microprocessor software Inter- 
vention. 

The APT interrupt bit indicates to the processor that 
a secondary address is available in the GPT register 
for validation. This interrupt will only occur if Mode 3 
addressing is in effect. (Refer to the section on ad- 
dressing.) In Mode 2, secondary addresses will be 
recognized automatically on the 8291 A. They will be 
ignored in Mode 1. 
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The CPT interrupt bit flags the occurrence of an un- 
defined command and of all secondary commands 
following an undefined command. The Command 
Pass Through feature is enabled by the BO bit of 
Auxiliary Register B. Any message not decoded by 
the 8291 A (not included in the state diagrams in Ap- 
pendix B) becomes an undefined command. Note 
that any addressed command is automatically ig- 
nored when the 8291 A is not addressed. 

Undefined commands are read by the CPU from the 
Command Pass Through register of the 8291 A. This 
register reflects the logic levels present on the data 
lines at the time it is read. If the CPT feature is en- 
abled, the 8291 A will hold off the handshake until 
this register is read. 

An especially useful feature of the 8291 A is its ability 
to generate interrupts from state transitions in the 
interface functions. In particular, the lower 3 bits of 
the Interrupt Status 2 Register, if enabled by the cor- 
responding enable bits, will cause an interrupt upon 
changes in the following states as defined in the 
IEEE 488 Standard. 

Bit 0 ADSC change in LIDS or TIDS or MJMN 
Bit 1 REMC change in LOCS or REMS 
Bit 2 LLOC change in LWLS or RWLS 

The upper 4 bits of the Interrupt Status 2 Register 
are available to the processor as status bits. Thus, if 
one of the bits 0-2 generates an interrupt indicating 
a state change has taken place, the corresponding 
status bit (bits 3-5) may be read to determine what 
the new state is. To determine the nature of a 
change in addressed status (bit 0) the Address 
Status Register is available to be read. The SPC in- 
terrupt (bit 3 in Interrupt Status 2) is set upon exit 
from SPAS if APRS:STRS:SPAS occurred which in- 
dicates that the GPIB controller has read the bus 
serial poll status byte after the 8291 A requested 
service (asserted SRQ). The SPC interrupt occurs 
once after the controller reads the status byte if 
service was requested. The controller may read the 
status byte later, and the byte will contain the last 
status the 8291 A's CPU wrote to the Serial Poll 
Mode Register, but the SRQS bit will not be set and 
no interrupt will be generated. Finally, bit 7 monitors 
the state of the 8291 A INT pin. Logically, it is an OR 
of ail enabled interrupt status bits. One should note 
that bits 3-6 of the Interrupt Status 2 Register do 
not generate interrupts, but are available only to be 
read as status bits by the processor. Bit 7 in Interrupt 
Status 2 is duplicated in Address 0 Register, and the 
latter should be used when polling for interrupts to 
avoid losing one of the interrupts in Interrupt Status 
2 Register. 

Bits 4 and 5 (DMAI, DMAO) of the Interrupt Mask 2 
Register are available to enable direct data transfers 



between memory and the GPIB; DMAI (DMA in) en- 
ables the DREQ (DMA request) pin of the 8291 A to 
be asserted upon the occurrence of Bl. Similarly, 
DMAO (DMA out) enables the DREQ pin to be as- 
serted upon the occurrence of BO. One might note 
that the DREQ pin may be used as a second inter- 
rupt output pin, monitoring Bl and/or BO and en- 
abled by DMAI and DMAO. One should note that the 
DREQ pin is not affected by a read of the Interrupt 
Status 1 Register. It is reset whenever a byte is writ- 
ten to the Data Out Register or read from the Data In 
Register. 

To ensure that an interrupt status bit will not be 
cleared without being read, and will not remain un- 
cleared after being read, the 8291 A implements a 
special interrupt handling procedure. When an en- 
abled interrupt bit is set in either of the Interrupt 
Status Registers, the input of the registers are 
blocked until the set bit is read and reset by the 
microprocessor. Thus, potential problems arise 
when interrupt status changes while the register is 
being blocked. However, the 8291 A stores all new 
interrupts in a temporary register and transfers them 
to the appropriate Interrupt Status Register after the 
interrupt has been reset. This transfer takes place 
only if the corresponding bits were read as zeroes. 



Serial Poll Registers 
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SERIAL POLL STATUS (3R) 


S8 


rsv 


S6 


S5 


S4 


S3 


S2 


SI 



SERIAL POLL MODE (3W) 



The Serial Poll Mode Register determines the status 
byte that the 8291 A sends out on the GPIB data 
lines when it receives the SPE (Serial Poll Enable) 
message. Bit 6 of this register is reserved for the rsv 
(request service) local message . Sett ing this bit to 1 
causes the 8291 A to assert its SRQ line, indicating 
its need for attention from the controller-in-charge of 
the GPIB. The other bits of this register are available 
for sending status information over the GPIB. Some- 
time after the microprocessor initiates a request for 
service by setting bit 6, the controller of the GPIB 
sends the SPE message and then addresses the 
8291 A to talk. At this point, one byte of status is 
returned by the 8291 A via the Serial Poll Mode Reg- 
ister. After the status byte is read by the controller, 
rsv is automatically cleared by the 8291 A and an 
SPC interrupt is generated. The CPU may request 
service again by writing another byte to the Serial 
Poll Mode Register with the rsv bit set. If the control- 
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ler performs a serial poll when the rsv bit is clear, the 
last status byte written will be read, but the SRQ line 
will not be driven by the 8291 A and the SRQS bit will 
be clear in the status byte. 

The Serial Poll Status Register is available for read- 
ing the status byte in the Serial Poll Mode Register. 
The processor may check the status of a request for 
service by polling bit 6 of this register, which corre- 
sponds to SRQS (Service Request State). When a 
Serial Poll Is conducted and the controller-in-charge 
reads the status byte, the SRQS bit is cleared. The 
SRQ line and the rsv bit are tied together. 



Address Registers 



ton 


Ion 


EOl 


LPAS 


TPAS 


LA 


TA 


MJMN 


ADDRESS STATUS (4R) 


INT 


DTO 


DLO 


AD5-0 


AD4-0 


AD3-0 


AD2-0 


AD1-0 


ADDRESS 0 (6R) 


X 


DTI 


DL1 


AD5-1 


AD4-1 


AD3-1 


AD2-1 


ADt-1 


ADDRESS 1 (7R) 


TO 


LO 


0 


0 


0 


0 


ADM1 


ADMO 


ADDRESS MODE (4W) 


ARS 


DT 


DL 


ADS 


AD4 


AD3 


AD2 


AD1 



ADDRESS 0/1 (6W) 

The Address Mode Register is used to select one of 
the five modes of addressing available on the 
8291 A. It determines the way in which the 8291 A 
uses the information in the Address 0 and Address 1 
Registers. 

— In Mode 1 , the contents of the Address 0 Register 
constitute the "Major" talker/listener address while 
the Address 1 Register represents the "Minor" talk- 
er/listener address. In applications where only one 
address is needed, the major talker/listener is used, 
and the minor talker/listener should be disabled. 
Loading an address via the Address 0/1 Register 
into Address Registers 0 and 1 enables the major 
and minor talker/listener functions respectively. 

—In Mode 2 the 8291 A recognizes two sequential 
address bytes: a primary followed by a secondary. 
Both address bytes must be received in order to en- 
able the device to tal^k or listen. In this manner, 
Mode 2 addressing implements the extended talker 
and listener functions as defined in IEEE-488. 



To use Mode 2 addressing the primary address must 
be loaded into the Address 0 Register, and the Sec- 
ondary Address is placed in the Address 1 Register. 
With both primary and secondary addresses residing 
on chip, the 8291 A can handle all addressing se- 
quences without processor intervention. 

—In Mode 3, the 8291 A handles addressing just as 
it does in Mode 1 , except that each Major or Minor 
primary address must be followed by a secondary 
address. All secondary addresses must be verified 
by the microprocessor when Mode 3 is used. When 
the 8291 A is in TPAS or LPAS (talker/listener pri- 
mary addressed state), and it does not recognize the 
byte on the DIO lines, an APT interrupt is generated 
(see section on Interrupt Registers) and the byte is 
available in the OPT (Command Pass-Through) Reg- 
ister. As part of its interrupt service routine, the mi- 
croprocessor must read the OPT Register and write 
one of the following responses to the Auxiliary Mode 
Register: 

1 . 07H implies a non-valid secondary address 

2. OFH implies a valid secondary address 

Setting the TO bit generates the local ton (talk-only) 
message and sets the 8291 A to a talk-only mode. 
This mode allows the device to operate as a talker in 
an interface system without a controller. 

Setting the LO bit generates the local Ion (listen- 
only) message and sets the 8291 A to a listen-only 
mode. This mode allows the device to operate as a 
listener in an interface system without a controller. 
The above bits may also be used by a controller-in- 
charge to set itself up for remote command or data 
communication. 

The mode of addressing implemented by the 8291 A 
may be selected by writing one of the following 
bytes to the Address Mode Register. 

Register 

Contents Mode 

1 0000000 Enable talk only mode (ton) 

01000000 Enable listen only mode (Ion) 

1 1 000000 The 8291 may talk to itself 

OOOOOpOl Mode 1 , (Primary-Primary) 

00000010 Mode 2 (Primary-Secondary) 

0000001 1 Mode 3 (Primary/APT-Primary/APT) 

The Address Status Register contains information 
used by the microprocessor to handle its own ad- 
dressing, this information includes status bits that 
monitor the address state of each talker/listener, 
"ton" and "Ion" , flags which indicate the talk and 
listen only states, and an EOl bit which, when set, 
signifies that the END message came with the last 
data byte. LPAS and TPAS indicate that the listener 
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or talker primary address has been received. The 
microprocessor can use these bits when the sec- 
ondary address is passed through to determine 
whether the 8291 A is addressed to talk or listen. 
The LA (listener addressed) bit will be set when the 
821 9A is in LACS (Listener Active State ) or in LADS 
(Listener Addressed State). Similarly, the TA (Talker 
Addressed bit) will be set to indicate TAGS or TADS, 
but also to indicate SPAS (Serial Poll Active State). 
The MJMN bit is used to determine whether the in- 
formation in the other bits applies to the Major or 
Minor talker/ listener. It is set to "1" when the Minor 
talker/ listener is addressed. It should be noted that 
only one talker/listener may be active at any one 
time. Thus, the MJMN bit will indicate which, if ei- 
ther, of the talker/listeners is addressed or active. 

The Address 0/1 Register is used for specifying the 
device's addresses according to the format selected 
in the Address Mode Register. Five bit addresses 
may be loaded into the Address 0 and Address 1 
Registers by writing into the Address 0/1 Register. 
The ARS bit is used to select which of these regis- 
ters the other seven bits will be loaded into. The DT 
and DL bits may be used to disable the talker or 
listener function at the address signified by the other 
five bits. When Mode 1 addressing is used and only 
one primary address is desired, both the talker and 
the listener should be disabled at the Minor address. 

As an example of how the /Address 0/1 Register 
might be used, consider an example where two pri- 
mary addresses are needed in the device. The Major 
primary address will be selectable only as a talker 
and the Minor primary address will be selectable 
only as a listener. This configuration of the 8291 A is 
formed by the following sequence of writes by the 
microprocessor. 



Operation 


CS 


RD 


WR 


Data 


RS2-'RSo 


1 . Select addressing 
Model 


0 


1 


0 


00000001 


100 


2. Load major address 
into Address 0 Register 
with listener function 
disabled. 


0 


1 


0 


001AAAAA 


110 


3. Load.minor address 
Into Address 1 Register 
with talker function 
disabled. 


0 


1 


0 


110BBBBB 


110 



At this point, the addresses AAAAA and BBBBB are 
stored in the Address 0 and Address 1 Registers 
respectively, and are available to be read by the mi- 
croprocessor. Thus, it is not necessary to store any 
address information elsewhere. Also, with the infor- 
mation stored in the Address 0 and Address 1 Reg- 
isters, processor intervention is not required to 
recognize addressing by the controller. Only in 



Mode 3, where secondary addresses are passed 
through, must the processor intervene in the ad- 
dressing sequence. 

The Address 0 Register contains a copy of bit 7 of 
the Interrupt Status 2 Register (INT). This is to be 
used when polling for interrupts. Software should 
poll register 6 checking for INT (bit 7) to be set. 
When INT is set, the Interrupt Status Register should 
be read to determine which interrupt was received. 



Command Pass Through Register 



CPT7 


CPT6 


CPT5 


CPT4 


CPT3 


CPT2 


CPT1 


OPTO 



COMMAND PASS THROUGH (5R) 



The Command Pass Through Register is used to 
transfer undefined 8-bit remote message codes from 
the GPIB to the microprocessor. When the OPT fea- 
ture is enabled (bit BO in Auxiliary Register B), any 
message not decoded by the 8291 A becomes an 
undefined command. When Mode 3 addressing is 
used secondary addresses are also passed through 
the CPT Register. In either case, the 8291 A will 
hold-off the handshake until the microprocessor 
reads this register and issues the VSCMD auxiliary 
command. 

The CPT and APT Interrupts flag the availability of 
undefined commands and secondary addresses in 
the CPT Register. The details of these interrupts are 
explained in the section on Interrupt Registers. 

An added feature of the 8291 A is its ability to handle 
undefined secondary commands following unde- 
fined primaries. Thus, the number of available com- 
mands for future IEEE-488 definition is increased; 
one undefined primary command followed by a se- 
quence of as many as 32 secondary commands can 
be processed. The IEEE-488 Standard does not per- 
mit users to define their own commands, but up- 
grades, of the standard are thus provided for. 

The recommended use of the 8291 A's undefined 
command capabilities is for a controller-configured 
Parallel Poll. The PPC message is an undefined pri- 
mary command typically followed by PPE, and unde- 
fined secondary command. For details on this proce- 
dure, refer to the section on Parallel Poll Protocol. 



Auxiliary iUlode Register 



CNT2 


CNT1 


ONTO 


COM4 


COM3 


COM2 


C0M1 


COMO 



AUX MODE (5W) 

CNT0-2:CONTROL BITS 
COM0-4:COMMAND BITS 
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The Auxiliary Mode Register contains a three-bit 
control field and a five-bit command field. It is used 
for several purposes on the 8291 A: 

1 . To load "hidden" auxiliary registers on the 8291 A. 

2. to issue commands from the microprocessor to 
the 8291 A. 

3. To preset an internal counter used to generate 
T1 , delay in the Source Handshake function, as 
defined in IEEE-488. 

Table 5 summarizes how these tasks are performed 
with the Auxiliary Mode Register. Note that the three 
control bits determine how the five command bits 
are interpreted. 

Table 5 



Code 


Command 


Control 
Bits 


Command 
Bits 


000 
001 


occcc 

ODDDD 


Execute auxiliary command CCCC 
Preset internal counter to 
match external clock 
frequency of DDDD MHz 
(DDDD binary representation 
of 1 to 8 MHz) 


100 


DDDDD 




Write DDDDD into 
auxiliary register A 


101 


DDDDD 


Write DDDDD into 
auxiliary register B 


oil 


USP3P2P1 


Enable/disable parallel 
poll either in response to remote 
messages (PPC followed by 
PPE or PPD) or as a local 
Ipe message. (Enable if U =^ p, 
disable if U = 1.) 



AUXILIARY COMMAND? 

Auxiliary commands are executed by the 8291 A 
whenever OOOOCCCC is written into the Auxiliary 
Mode Register, where CCCC is the 4-bit command 
code. 

0000—1 mmediate Execute, pon: This command re- 
sets the 8291 A to a power up state (local pon mes- 
sage as defined in IEEE-488). 

The following conditions constitute the power up 
state: 

1 . All talkers and listeners are disabled. 

2. No interrupt status bits are set 



The 8291 A is designed to power up in certain states 
as specified in the IEEE-488 state diagrams. Thus, 
the following states are in effect in the power up 
state: SIDS, AIDS, TIDS, LIDS, NPRS, LOCS, and 
PPIS. 

The "0000" pon is an immediate execute command 
(a pon pulse). It is also used to release the "initial- 
ize" state generated by either an external reset 
pulse or the "0010" Chip Reset command. 

0010— Chip Reset (Initialize): This command has the 
same effect as a pulse applied to the Reset pin. (Re- 
fer to the section on Reset Procedure.) 

0011— Finish Handshake: This command finishes a 
handshake that was stopped because of a holdoff 
on RFD. (Refer to Auxiliary Register A.) 

OlOO^Trigger: A "Group Execute Trigger" is forced 
by this command. It has the same effect as a GET 
command issued by the controller-in-charge of the 
GPIB, but does not cause a GET interrupt. 

0101, 1101— Clear/Set rtl: These commands corre- 
spond to the local rtl message as defined by the 
IEEE-488. The 8291 A will go into local mode when a 
Set rtl Auxiliary Command is received if local lockout 
is not in effect. The 8291 A will exit local mode after 
receiving a Clear rtl Auxiliary Command if the 8291 A 
is addressed to listen. 

0110— Send EOl: The EOl line of the 8291 A may be 
asserted with this command. The command causes 
EOl to go true with the next byte transmitted. The 
EOl line is then cleared upon completion of the 
handshake, for that byte. 

0111,111 1 — Non Valid/Valid Secondary Address or 
Command (VSCMD): This command informs the 
8291 A that the secondary address received by the 
microprocessor was valid or invalid (0111 = invalid, 
1111 = valid). If Mode 3 addressing is used, the 
processor must field each extended address and re- 
spond to it, or the GPIB will hang up. Note that the 
COM3 bit is the invalid/valid flag. 

The valid (1111) command is also used to tell the 
8291 A to continue from the command-pass-through- 
state, or from RFD holdoff on GET, SDC or DCL. 

1000— pon: This command puts the 8291 A into the 
pon (power on) state and holds it there. It is similar 
to a Chip Reset except none of the Auxiliary Mode 
Registers are cleared. In this state, the 8291 A does 
not participate in any bus activity. An Immediate Ex- 
ecute pon releases the 8291 A from the pon state 
and permits the device to participate in the bus activ- 
ity again. 
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0001, 1001— Parallel Poll Flag (local "ist" message): 
This command sets (1001) or clears (0001) the par- 
allel poll flag. A "1" is sent over the assigned data 
line (PRR = Parallel Poll Response true) only if the 
parallel poll flag matches the sense bit from the Ipe 
local message (or indirectly from the PPE message). 
For a more complete description of the Parallel Poll 
features and procedures refer to the section on Par- 
allel Poll Protocol. 



INTERNAL COUNTER 

The Internal counter determines the delay time al- 
lowed for the setting of data on the DIO lines. This 
delay time is defined as T-; in IEEE-488 and appears 
in the Source Handshake state diagram between the 
SDYS and STRS. As such, DAV is asserted Ti after 
the DIO lines are driven. Consequently , Ti is a ma- 
jor factor in determining the data transfer rate of the 
8291 A over the GPIB (Ti = TWRDV2-TWRD15). 

When open-collector transceivers are used for con- 
nection to the GPIB, Ti is defined by IEEE-488 to be 
2 jLis. By writing OOIODDDD into the Auxiliary Mode 
Register, the cpunter is preset to match a f c MHz 
clock input, where DDDD is the binary representa- 
tion of Np [1 ^Nf^8, Np = (DDDD)2]. When Np = 
fc, a 2 jms Ti delay will be generated before each 
DAV asserted. 



Ti(|as) = + tSYNC. 1 ^Np^B 
'c 

tSYNC is a synchronization error, greater than zero 
and smaller than the larger of T clock high and T 
clock low. (For a 50% duty cycle clock, tsvNC "s less 
than half the clock cycle). 

If it is necessary that Ti be different from 2 jus, Np 
may be set to a value other than fc- In this manner, 
data transfer rates may be programmed for a given 
system. In small systems, for example, where trans- 
fer rates exceeding GPIB specifications are re- 
quired, one may set Np<fc and decrease T-j. 

When tri-state transceivers are used, IEEE-488 al- 
lows a higher transfer rate (lower Ti). Use of the 
8291 A with such transceivers is enabled by setting 
B2 in Auxilliary Register B. In this case, setting Np = 
fc causes a Ti delay of 2juts to be generated for the 
first byte transmitted— all subsequent bytes will have 
a delay of 500 ns. 

Nf 

Ti (High Speed) /xs = — + tsYNC 



Thus, the shortest Ti is achieved by setting Np = 1 
using an 8 MHz clock with a 50% duty cycle clock 
(tSYNC<63 ns): 

t 

Ti(HS) = ^ + 0-063 = 125 ns max. 



AUXILIARY REGISTER A 

Auxiliary Register A is a "hidden" 5-bit register 
which is used to enable some of the 8291 A features. 
Whenever a 100 A4A3A2A1A0 byte is written into the 
Auxiliary Register, it is loaded with the data 
A4A3A2A1A0. Setting the respective bits to "1" en- 
ables the following features. 

Ao— RFD Holdoff on all Data: If the 8291 A is listen- 
ing, RFD will not be sent true until the "finish hand- 
shake" auxiliary command is issued by the micro- 
processor. The holdoff will be in effect for each data 
byte. 

Ai— RFD Holdoff on End: This feature enables the 
holdoff on EOl or EOS (if enabled). However, no 
hold-off will be in effect on any other data bytes. 

A2— End on EOS Received: Whenever the byte in 
the Data In Register matches the byte in the EOS 
Register, the END interrupt bit will be set in the Inter- 
rupt Status 1 Register. 

A3— Output EOl on EOS Sent: Any occurrence of 
data in the Data Out Register matching the EOS 
Register causes the EOl line to be sent true along 
with the data. 

A4— EOS Binary Compare: Setting this bit causes 
the EOS Register to function as a full 8-bit word. 
When it is not set, the EOS Register is a 7-bit word 
(for ASCII characters). 

If Ao = A-j = 1, a special "continuous Acceptor 
Handshake cycling" mode is enabled. This mode 
should be used only in a controller system configura- 
tion, where both the 8291 A and the 8292 are used. It 
provides a continuous cycling through the Acceptor 
Handshake state diagram, requiring no local mes- 
sages from the microprocessor; the rdy local mes- 
sage is automatically generated when in ANRS. As 
such, the 8291 A Acceptor Handshake serves as the 
controller Acceptor Handshake. Thus, the controller 
cycles through the Acceptor Handshake without de- 
laying the data transfer in progress. When the tcs 
local message is executed, the 8291 A should be 
taken out of the "continuous AH cycling" mode, the 
GPIB will hang up in ANRS, and a Bl interrupt will be 
generated to indicate that control may be taken. A 
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simpler procedure may be used when a "tcs on end 
of block" is executed; the 8291 A may stay in "con- 
tinuous AH cycling". Upon the end of a block (EOl or 
EOS received), a holdoff is generated, the GPIB 
hangs up in ANRS, and control may be taken. 



AUXILIARY REGISTER B 

Auxiliary Register B is a "hidden" 4-bit register 
which is used to enable some of the features of the 
8291 A. Whenever a 101 84838^8180 is written into 
the Auxiliary Mode Register, it is loaded with the 
data 8483828180. Setting the respective bits to "1" 
enables the following features: 

Bo — Enable Undefined Command Pass Through: 
This feature allows any commands not recognized 
by the 8291 A to be handled in software. If enabled, 
this feature will cause the 8291 A to holdoff the 
handshake when an undefined command is re- 
ceived. The microprocessor must then read the 
command from the Command Pass Through Regis- 
ter and send the VSCMD auxiliary command. Until 
the VSCMD command is sent, the handshake hold- 
off will be in effect. 

Bi— Send EOl in SPAS: This bit enables EOl to be 
sent with the status byte; EOl is sent true in Serial 
Poll Active State. Othen^^ise, EOl is sent false in 
SPAS. 

B2— Enable High Speed Data Transfer: This feature 
may be enabled when tri-state external transceivers 
are used. The data transfer rate is limited by Ti de- 
lay time generated in the Source Handshake func- 
tion, which is defined according to the type of trans- 
ceivers used. When the "High Speed" feature is en- 
abled, Ti = 2 microseconds is generated for the 
first byte transmitted after each true to false tran- 
sition of ATN. For all subsequent bytes, Ti = 
500 ns. Refer to the Internal Counter section for an 
explanation of Ti duration as a function of 82 and of 
clock frequency. 

B3— Enable Active Low Interrupt: Setting this bit 
causes the polarity of the INT pin to be reversed, 
providing an output signal compatible with Intel's 
MCS-48® Family. Interrupt registers are not affected 
by this bit. 

B4— Enable RFD Holdoff on GET or DEC: Setting 
this bit causes RFD to be held false until the 
"VSCMD" auxiliary command is written after GET, 
SDC, and DCL commands. This allows the device to 
hold off the bus until it has completed a clear or 
trigger similar to an unrecognized command. 



PARALLEL POLL PRaTOCOL 

Writing a Oil USP3P2P1 into the Auxiliary Mode Reg- 
ister will enable (U = 0) or disable (U = 1) the 
8291 A for a parallel poll. When U = 0, this com- 
mand is the "Ipe" (local poll enable) local message 
as defined in IEEE-488. The "S" bit is the sense in 
which the 8291 A is enabled; only if the Parallel Poll 
Flag ("ist" local message) matches this bit will the 
Parallel Poll Response, PPRn, be sent true (Re- 
sponse = S + ist). The bits P3R2P1 specify which 
of the eight data lines PPRn will be sent over. Thus, 
once the 8291 A has been configured for Parallel 
Poll, whenever it senses both EOl and ATN true, it 
will automatically compare its PP flag with the sense 
bit and send PPRn true or false according to the 
comparison. 

If a PP2* implementation Is desired, the "Ipe" and 
"ist" local messages are all that are needed., Typi- 
cally, the user will configure the 8291 A for Parallel 
Poll immediately after initialization. During normal 
operation the microprocessor will set or clear , the 
Parallel Poll Flag (ist) according to the device's need 
for service. Consequently the 8291 A will be set up to 
give the proper response to IDY (EOl • ATN) without 
directly involving the microprocessor. 

If a PP1 * implementation is desired, the undefined 
command features of the 8291 A must be used. In 
PP1, the 8291 A is indirectly configured for Parallel 
Poll by the active controller on the GPI8. The se- 
quence at the 8291 A being enabled or disabled re- 
motely is as follows: 

1 . The PPC message is received and is loaded into 
the Command Pass Through Register as an unde- 
fined command. A CPT Interrupt is sent to the 
microprocessor; the handshake is automatically 
held off. 

2. The microprocessor reads the CPT Register and 
sends VSCMD to the 8291 A, releasing the hand- 
shake. 

3. Having recieved an undefined primary command, 
the 82191 A is set up to receive an undefined sec- 
ond?iry command (the PPE or PPD message). 
This message is also received into the CPT Reg- 
ister, the handshake is held off, and the CPT inter- 
rupt is generated. 

4. The microprocessor reads the PPE or PPD mes- 
sage and writes the command into the Auxiliary 
Mode Register (bit 7 should be cleared first). Fi- 
nally, the microprocessor sends VSCMD and the 
handshake is released. 

NOTE: 

*As defined in IEEE Standard 488. 
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End of Sequence (EOS) Register 



EC7 


EC6 


ECS 


EC4 


EC3 


EC2 


EC1 


ECO 



EOS REGISTER 

The EOS Register and its features offer an alterna- 
tive to the "Send EOl" auxiliary command. A seven 
or eight bit byte (ASCII or binary) may be placed in 
the register to flag the end of a block or read. The 
type of EOS byte to be used is selected in Auxiliary 
Register bit A4. 

If the 8291 A is a listener, and the "End on EOS 
Received" is enabled with bit A2, then an END inter- 
rupt is generated in the Interrupt Status 1 Register 
whenever the byte in the Data-in Register matches 
the byte in the EOS Register. 

If the 8291 A is a talker, and the "Output EOl on EOS 
Sent" is enabled with bit A3, then the EOl line is sent 
true with the next byte whenever the contents of the 
Data Out Register match the EOS register. 



Reset Procedure 

The 8291 A is reset to an initialization state either by 
a pulse applied to its Reset pin, or by a reset auxilia- 
ry command (02H written into the Auxiliary Com- 
mand Register). The following conditions are caused 
by a reset pulse (or local reset command): 

1. A "pon" local message as defined by IEEE-488 is 
held true until the initialization state is released. 

2. The Interrupt Status Registers are cleared (not In- 
terrupt Enable Registers). 

3. Auxiliary Registers A and B are cleared. 

4. The Serial Poll Mode Register is cleared. 

5. The Parallel Poll Flag is cleared. 

6. The EOl bit in the Address Status Register is 
cleared. 

7. Np in the Internal Counter is set to 8 MHz. This 
setting causes the longest possible Ti delay to be 
generated in the Source Handshake (1 6 juts for 1 
MHz clock). 

8. The rdy local message is sent. 

The initialization state is released by an "imme- 
diate execute pon" command (OOH written into the 
Auxiliary Command Register). 

The suggested initialization sequence is: 

1 . Apply a reset pulse or send the reset auxiliary 
command. 



2. Set the desired initial conditions by writing into the 
interrupt Enable, Serial Poll Mode, Address Mode, 
Address 0/1, and EOS Registers. Auxiliary Regis- 
ters A and B, and the internal counter should also 
be initialized. 

3. Send the "immediate execute pon" auxiliary com- 
mand to release the initialization state. 

4. If a PP2 Parallel Poll implementation is to be used 
the "Ipe" local message may be sent, enabling 
the 8291 A for a Parallel Poll Response on an as- 
signed line. (Refer to the section on Parallel Poll 
Protocol.) 



Using DMA 

The 8291 A may be connected to the Intel® 8237 or 
8257 DMA Controllers or the 8089 I/O Processor for 
DMA operation. The 8237 will be used to refer to any 
DMA controller. The DREQ pin of the 8291 A re- 
quests a DMA byte transfer from the 8237. It is set 
by BO or Bl flip flops, enabled by the DMAO and 
DMAI bits in the Interrupt Enable 2 Register. (After 
reading , the INT1 register BO and Bl interrupts will 
be cleared but not BO and Bl in DREQ equation.) 



The DACK pin is driven by the 8237 in response to 
the DMA request. When DACK is true (active low) it 
sets CS = RSO = RSI = RS2 = 0 such that the 
RD and WR signals sent by the 8237 refer to the 
Data In and Data Ou t Regis t ers. Also, the DMA re- 
quest line is reset by DACK (RD + WR). 



DMA input sequence: 

1. A data byte is accepted from the GPIB by the 
8291 A. 

2. A Bl interrupt is generated and DREQ is set. 



DACK and RD are driven by the 8237, the con- 
tents of the Data In Register are transferred to the 
system bus, and DREQ is reset. 

The 8291 A sends RFD true on the GPIB and pro- 
ceeds with the Acceptor Handshake protocol. 



DMA output sequence: 

1 . A BO interrupt is generated (indicating that a byte 
should be output) and DREQ is asserted. 

2. DACK and WR are driven by the 8237, a byte is 
transferred from the MCS bus into the Data Out 
Register, and DREQ is reset. 

3. The 8291 A sends DAV true on the GPIB and pro- 
ceeds with the Source Handshake protocol. 

It should be noted that each time the device is ad- 
dressed (MTA + MLA + ton + Ion), the Address 
Status Register should be read, and the 8237 should 
be initialized accordingly. (Refer to the 8237 or 8257 
Data Sheets.) 
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Polling the 8291 A 

If polling is used to determine the 8291 A's service 
needs, the CPU must poll the INT bit in the address 



0 register. All relevarit interrupt status bits must be 
enabled during initialization for them to affect the 
INT status bit The following flow chart illustrates the 
recommended polling algorithm. 



^ READ ADDRESS 0 REGISTER 




READ INTERRUPT STATUS 2 
REGISTER "AND" WITH OFH 



READ INTERRUPT 
STATUS 1 REGISTER 



PROCESS ALL INTERRUPT 
STATUS BITS SET 



NO 




ANY 
BITS SET 



YES 



PROCESS ALL INTERRUPT 
STATUS BITS SET 
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APPLICATION BRIEF 



System Configuration 

MICROPROCESSOR BUS CONNECTION 

The 8291 A is 8048/49, 8051, 8080/85, and 
8086/88 compatible. The three address pins (RSq, 
RSi, and RS2) should be connected to the non-mul- 
tiplexed address bus (for example: As, Ag, Aio)- In 
case of 8080, any address lines may be used. If the 



three lowest address bits are used (Aq, Ai , A2), then 
they must be demultiplexed first. 



EXTERNAL TRANSCEIVERS CONNECTION 

The 8293 GPIB Transceiver interfaces the 8291 A 
directly to the IEEE-488 bus. The 8291 A and two 
8293's can be configured as a talker/listener (see 
Figure 6) or with the 8292 as a talker/ listener/ con- 
troller (see Figure 7). Absolutely no active or passive 
external components are required to comply with the 
complete IEEE-488 electrical specification. 
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Figure 7. 8291 A, 8292, and 8293 System Configuration 
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Start-Up Procedures 

The following section describes the steps needed to 
initialize a typical 8291 A system implementing a talk- 
er/listener interface and an 8291 A/8292 system im- 
plementing a talker/listener/controller interface. 



TALKER/LISTENER SYSTEM 

Assume a general system configuration with the fol- 
lowing features: (i) Polled system interface; (ii) Mode 
1 addressing; (iii) same address for talker and listen- 
er; (iv) ASCII carriage return as the end-of-sequence 
(EOS) character; (v) EOl sent true with the last byte; 
and, (vi) 8 MHz clock. 

Initialization. Initialization is accomplished with the 
following steps: 

1 . Pulse the RESET input or write 02H to the Auxilia- 
ry Mode Register. 

2. Write OOH to the Interrupt Enable Registers 1 and 
2. This disables interrupt and DMA. 

3. Write 01 H to the Address Mode Register to select 
Mode 1 addressing. 

4. Write 28H to the Auxiliary Mode Register. This 
loads 8H to the Auxiliary Register A matching the 
8 MHz clock input to the internal T1 delay counter 
to generate the delay meeting the IEEE spec. 

5. Write the talker/listener address to the Address 
0/1 register. The three most significant bits are 
zero. 

6. Write an ASCII carriage return (ODH) to the EOS 
register. 

7. Write 84H to the Auxiliary Mode Register to allow 
EOl to be sent true when the EOS character is 
sent. 

8. Write OOH to the Auxiliary Mode Register. This 
writes the "Immediate Execute pon" message 
and takes the 8291 A from the initialization state 
into the idle state. The 8291 A will remain idle until 
the controller initiates some activity by driving 
ATN true. 

Communication. The local CPU now polls the 
8291 A to determine which controller command has 
been received. 

The controller addresses the 8291 A by driving ATN, 
placing MLA (My Listen Address) on the bus and 
driving DAV. If the lower five bits of the MLA mes- 
sage match the address programmed into the Ad- 
dress 0/1 register, the 8291 A is addressed to listen. 
It would be addressed to talk if the controller sent 
the MTA message instead of MLA. 



The ADSC bit in the Interrupt Status 2 Register indi- 
cates that the 8291 A has been addressed or unad- 
dressed. The TA and LA bits in the Address Status 
Register indicate whether the 8291 A is talker (TA = 
1), listener (LA = 1). both (TA = LA = 1) or unad- 
dressed (TA = LA = 0). 

If the 8291 A is addressed to listen, the local CPU 
can read the Data-in Register whenever the Bl (Byte 
In) interrupt occurs in the Interrupt Status 1 Register. 
If the END bit in the same register is also set, either 
EOl or a data byte matching the pattern in the EOS 
register has been received. 

In the talker mode, the CPU writes data into the 
Byte-Out Register on BO (Byte Out) true. 



TALKER/LISTENER/CONTROLLER SYSTEM 

Combined with the Intel 8292, the 8291 A executes a 
complete IEEE-488-1978 controller function. The 
8291 A talks a nd liste ns vi a the data and handshake 
lines (NRFD. NDAC and DAV). The 8292 controls 
four of th e five bus management lines (IPC, SRQ, 
ATN and REN). EOl, the fifth line, is shared. The 
8291 A drives and receives EOl when EOl is used as 
an end-of -bloc k indicator. The 8292 drives E5I 
along with ATN during a parallel poll command. 

Once again, assume a general system configuration 
with the following features: (i) Polled system inter- 
face; (ii) 8292 as the system controller and control- 
ler-in-charge; (iii) A SCII carriage return (ODH) as the 
EOS identifier; (iv) EOl sent with the last character; 
and, (v) an external buffer (8282) used to monitor 
the TCI line. 

Initialization. In order to send a co mmand across 
the GPIB, the 8292 has to drive ATN, and the 8291 A 
has to drive the data lines. Both devices therefore 
need initialization. 

To initialize the 8292: 

1 . Pulse the RESET input. The 8292 will initially drive 
all outputs high. TCI, SPI. OBFI, IBFI and CLTH 
will then go low. The Interrupt Status, Interrupt 
Mask, Error Flag, Error Mask and Timeout regis- 
ters will be cleared. The interrupt counter will be 
disabled and loaded with 255. The 8292 will then 
monitor the status of the SYC pin. If high, the 
8292 will pulse IPC true for at least 100 jms in 
compliance with the IEEE-488-19 78 st andard. It 
will then take control by asserting ATN. 

To initialize the 8291 A, the following is necessary: 

1 . Write OOH to Interrupt Enable registers 1 and 2. 
This disables interrupt and DMA. 
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2. With the 8292 as the controller-in-charge, it is im- 
possible to address the 8292 via the GPIB. There- 
fore, the ton or Ion modes of the 8291 A must be 
used. To send commands, set the 8291 A in the 
ton mode by writing 80H to the Address Mode 
Register. 

3. Write 26H to the Auxiliary Mode Register to match 
the T1 data settling time to the 6 MHz clock input. 

4. Write an ASCII carriage return (ODH) to the EOS 
Register. 

5. Write 84H to the Auxiliary Mode Register in order 
to enable "Output EOl on EOS sent" and thus 
send EOl with the last character. 

6. Write OOH— Immediate Execute pon— to the Aux- 
iliary Mode Register to put the 8291 A in the idle 
state. 

Communication. Since the 8291 A is in the ton 
mode, a BO interrupt is generated as soon as the 
immediate Execute pon command is written. The 
CPU writes the command into the Data Out Regis- 
ter, and repeats it on BO becoming true for as many 
commands as necessary. ATN remains continuously 



true unless the GTSB (Go To Standby) command is 
sent to the 8292. 

ATN has to be false in order to send data rather than 
commands from the controller. To do this, the fol- 
lowing steps are needed: 

1 . Enable the TCI interrupt if not already enabled. 

2. Wait for IBF (Input Buffer Full) in the 8292 Inter- 
rupt Status Register to be reset. 

3. Write the GTSB (F6H) command to the 8292 
Command Field Register. 

4. Read the 8282 and wait for TCI to be true. 

5. Write the ton (80H) and pon (OOH) command to 
the 8291 A Address Mode Register and Auxiliary 
Mode Registers respectively. 

6. Wait for the BO interrupt to be set in the 8291 A. 

7. Write the data to the 8291 A Data-Out Register. 

Identically, the user could command the controller to 
listen rather than talk. To do that, write Ion (40H) 
instead of ton into the Address Mode Register. Then 
wait for Bl rather than BO to go true. Read the data 
Register. 
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ABSOLUTE MAXIMUM RATINGS 



Ambient Temperature Under Bias — . .0°C to 70X 

Storage Temperature -65°C to 4- 1 50°C 

Voltage on Any Pin 
With Respect to Ground -0.5V to + 7V 

Power Dissipation 0.65 Watts 



Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS Vcc = 5V ±10%,Ta = O'^Cto 70"C (Commercial) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


V|L 


Input Low Voltage 


-0.5 


0.8 


V 




V|H 


Input High Voltage 


2 


Vcc + 0.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


lOL = 2 mA (4 mA forTRI pin) 


VOH 


Output High Voltage 


2.4 




V 


Iqh = - 400 jLiA ( - 1 50 jLiA for SRQ pin) 


VOH-INT 


Interrupt Output High Voltage 


2.4 
3.5 




V 
V 


lOH = -400 fiA 
Iqh = -50fAA 


l|L 


Input Leakage 




10 


jiiA 


V|N = OVtoVcc 


•OFL 


Output Leakage Current 




±10 


JLlA 


VouT = 0.45V. Vcc 


•cc 


Vcc Supply Current 




120 


mA 


Ta = o^C 



A-C. CHARACTERISTICS Vcc = 5V ±10%,Ta = O^'Ctoyo^C (Commercial) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 




Address Stable Before READ 


0 




ns 




tRA 


Address Hold After READ 


0 




ns 




tRR 


READ Width 


140 




ns 




tAD 


Address Stable to Data Valid 




250 


ns 




tRD 


READ to Data Valid 




100 


ns 




tRDF 


Data Float After READ 


0 


60 


ns 




Uw 


Address Stable Before WRITE 


0 




ns 




tWA 


Address Hold After WRITE 


0 








tww 


WRITE Width 


170 




ns 




tow 


Data Set Up Time to the Trailing 
Edge of WRITE 


130 




ns 




tWD 


Data Hold Time After WRITE 


0 




ns 




tDKDR4 


RDi orWRi toDREQi 




130 


ns 




tDKDA6 


RD i to Valid Data (D0-D7) 




200 


ns 


DACK i to RD i 0 ^ t ^ 50 ns 



3-23 



8291A 



WAVEFORMS 
READ 



CS/RS, 



DATA BUS . 
(DATA OUT) 



X 



^ VALID DATA ^ 



WRITE 



(DATA IN) 



DATA MAY CHANGE 



X 



^ VALID DATA ^ 



DATA MAY CHANGE 
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DMA 



V 



*DKDR4 



RD or WR • 
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A.C. TIMING MEASUREMENT POINTS AND LOAD CONDITIONS 



INPUT/OUTPUT 




205248-10 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1 " and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 



DEVICE 
UNDER 
TEST 



4: Cl = 150 pF 



GPIB TIMINGS(l) 



Symbol 


Parameter 


Max 


Units 


Test Conditions 


TE0T1 3(2) 


EOl i toTR1 t 


135 


ns 


PPSS, ATN = 0.45V 


TE0D16 


EOli to DIO Valid 


155 


ns 


PPSS, ATN = 0.45V 


TE0T12 


EOlt toTR1 i 


155 


ns 


PPSS, ATN = 0.45V 


TATND4 


ATN I to NDAC I 


155 


ns 


TAGS. AIDS 


TATT14 


ATRi toTR1 i 


155 


ns 


TAGS, AIDS 


TATT24 


ATNi toTR2i 


155 


ns 


TACS, AIDS 


TDVND3-C 


DAV i to NDAC T 


650 


ns 


AH. CACS 


TNDDV1 


NDAC T to DAV T 


350 


ns 


SH, STRS 


TNRDR1 


NRFD T to DREQ T 


400 


ns 


SH 


TDVDR3 


DAV I to DREQ T 


600 


ns 


AH, LACS, ATN = 2.4V 


TDVND2-C 


DAVT to NDAC 4. 


350 


ns 


AH, LACS 


TDVNR1-C 


DAV T to NRFD T 


350 


ns 


AH, LACS, rdy = True 


TRDNR3 


RD I to NRFD T 


500 


ns 


AH, LACS 


TWRD15 


WRt to DfO Valid 


280 


ns 


SH, TACS, RS = 0.4V 


TWRE05 


WrT to EOl Valid 


350 


ns 


SH, TACS 


TWRDV2 


WRt toDAVi 


830 4- tsYNC 


ns 


High Speed Transfers Enabled, 
Np = fc. tSYNC = Vz^^C 



NOTES: 

1. All GPIB timings are at the pins of the 8291 A*. 

2. The last number in the symbol for any GPIB timing parameter is chosen according to the transition directions of the 
reference signals. The following table describes the numbering scheme. 



Tto t 


1 


Tto i 


2 


ito t 


3 


i to i 


4 


T to VALID 


5 


i to VALID 


6 
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APPENDIX A 



MODIFIED STATE DIAGRAMS 

Figure A-1 presents the interface function state dia- 
grams. It is derived from IEEE Std. state diagrams, 
with the following changes: 

A. The 8291 A supports the complete set of lEEE- 
488 interface functions except for the controller. 
These include: SH1, AH1, T5, TE5. L3, LE3, SR1. 
RL1, PP1. DC1, DT1, and CO. 

B. Addressing modes included in T, L state dia- 
grams. 

Note that in Mode 3, MSA, OSA are generated only 
after secondary address validity check by the micro- 
processor (APT interrupt). 

C. In these modified state diagrams, the IEEE-488- 
1978 convention of negative (low true) logic is 
followed. This should not be confused with the 
Intel pin- and signal-naming convention based on 
positive logic. Thus, while the state diagrams be- 
low carry low true logic, the signals described 
elsewhere in this data sheet are consistent with 
Intel notation and are based on positive logic. 



Level 


Logic 


Convention 


IEEE-488 


Intel 


0 


T 


DAV 


DAV 


1 


F 


DAV 


DAV 


0 


T 


NDAC 


NDAC 


1 


F 


NDAC 


NDAC 


0 


T 


NRFD 


NRFD 


1 


F 


NRFD 


NRFD 



Consider the condition when the Not-Ready-For- 
Data signal (pin 37) is active. I ntel ind icates this ac- 
tive low signal with the symbol NRFD (Vqut ^ Vql 
for AH; V|n ^ V|l for SH). The IEEE-488-1978 Stan- 
dard, in its state diagrams, indicates the active state 
of this signal (True condition) with NRFD. 

D. AH remote multiline messages decoded are con- 
ditioned by ACDS. The multiplication by ACDS is 
not drawn to simplify the diagrams. 

E. The symbol 



■O 



205248-12 

indicates: 

1 . When event X occurs, the function returns to 
state S. 

2. X overrides any other transition condition in the 
function. 

Statement 2 simplifies the diagram, avoiding the ex- 
plicit use of X to condition all transitions from S to 
other states. 



DAV 




ATN + F1 
(WITHIN t2) 




F1 =TACS + SPAS 



. 205248-13 



Figure A-1. 8291A State Diagrams 
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F2 = ATN + LACS + LADS 205248-14 

F3 = ATN + rdy 

T3' = T3 • CRT • APT 













ton + MTA • MODE 1 




r ~i 




+ MSA TPAS MODE 1 ^ ^ 


ATN SPMS ^ 


1 TE i 

1 • 








1 J 


pon ^ TIDS 


I TADS 


J I SPAS J 


^ STB AND RQS AVAILABLE 








TO SH 




F4 ^ 


ATN (WITHIN t2) ^ 




IFC 








(WITHIN t4) 


ATN 1 






(WITHIN t2) 


ATN .SPMS 






1 TAGS 


1 ► DAB AVAILABLE TO SH 






EOl IF DAB = EOS 




F4 = OTA + (OSA • TPAS 


+ MSA • LPAS) • 




205248-15 


MODE 1 + MLA • MODE 1 








Figure A-1. 8291 A State Diagrams (Continued) 
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MTA 






pon ^4 


TPIS I 


PCG • MTA 
SPE 


1 TPAS 




pon w 


SPIS ] 


SPD 


I SPMS 




IFC 

(WITHIN t4) 
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I ' 

RQS IN STB I I 
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Figure A-1. 8291 A State Diagrams (Continued) 
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I 



I LE I 

Ion + MSA» LPAS* I ' 



pon 
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r 1 

1 1 








1 R L 1 






F5 • rtl ^ 


1^ J 


pon M LOGS 


1 1 REMS ] 






GTL« LADS + rtl« LLO 




REN 

(WITHIN t4) 


LLO 


F5 


LLO 


[ LWLS 


\ ( "^^^ ) 






GTL • LADS 


205248-19 


F5 = (MLA • MODE 1 + LPAS • MSA • MODE 1) 







Figure A-1. 8291A State Diagrams (Continued) 



3-29 



8291A 





r 
1 
1 


1 

1 

PP2 1 

t 




1 


J 


pon 








IDY 

(WITHIN ts) I 


IDY* 

(WITHIN ts) 






) 


♦IDY = ATN • EOl 
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I 1 

I I 



I DC I 

I I 
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F6 = DCL + SDC • LADS 























1 DT 1 

1 1 






GET« 


LADS 




L 1 




1 DTIS 1 


GET 


LADS 


DTAS 1 
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Figure A-1. 8291 A State Diagrams (Continued) 
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APPENDIX B 



Table B-1. IEEE 488 Time Values 



Time Value 
IdentifieHi) 


Function (Applies to) 


Description 


Value 


Ti 


SH 


Settling Time for Multiline Messages 


> 2 juis(2) 


t2 


LC, IC, SH, AH, T, L 


Response to ATN 


:^ 200 ns 


T3 


AH 


Interface Message Accept Time(3) 


> 0(4) 


t4 


T, TE, L, LE, C, CE 


Response to IPC or REN False 


< 100 jus 


t5 


PP 


Response to ATN + EOl 


^ 200 ns 


Te 


C 


Parallel Poll Execution Time 


^ 2iuis 


T7 


C 


Controller Delay to Allow Current Talker 


^ 500 ns 






to see ATN Message 






C 


Length of IPC or REN False 


> 100 jus 


T9 


C 


Delay for E0I(5) 


^ 1.5juts(6) 



NOTES: 

1. Time values specified by a lower case t indicate the maximum time allowed to make a state transition. Time values 
specified by an upper case T indicate the mi nimum time that a function must remain in a state before exiting. 

2. If three-state drivers are used on the D\Q, DAV, and EQI lines, Ti may be: 

1. ^ 1100 ns. 

2. Or ^ 700 ns if it is known that within the controller ATN is driven by a three-state driver. 

3. Or ^ 500 ns for all subsequent bytes following the first sent after each false transition of ATN (the first byte must be sent 
in accordance with (1) or (2). 

4. Or ^ 350 ns for all subsequent bytes following the first sent after each false transition of ATN under conditions specified 
in Section 5.2.3 and warning note. See IEEE Standard 488. 

3. Time required for interface functions to accept, not necessarily respond to interface messages. 

4. Implementation de pendent. 

5. Delay required for ES\, NDAG, and NRFD signal lines to indicate valid states. 

6. ^ 600 ns for three-state drivers. 
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APPENDIX C 
THE THREE-WIRE HANDSHAKE 



0AV 



i^RFD 



RDAC 



OREQ(SH) 



OREO (AH) 



RD 



\ 



-^-TDVDRa-* 

A 



7^ 



\ 



h*-T1-H 
-TWRDV2- 



Figure C-1. 3-Wire Handshake Timing at 8291A 
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GPIB CONTROLLER 



■ Complete IEEE Standard 488 Controller 
Function 

■ Interface Clear (IFC) Sending Capability 
Allows Seizure of Bus Control and/or 
Initialization of the Bus 

■ Responds to Service Requests (SRQ) 

■ Sends Remote Enable (REN), Allowing 
Instruments to Switch to Remote 
Control 



■ Complete Implementation of Transfer 
Control Protocol 

■ Synchronous Control Seizure Prevents 
the Destruction of Any Data 
Transmission in Progress 

■ Connects with the 8291 to Form a 
Complete IEEE Standard 488 Interface 
Talker/ Listener/Controller 



The 8292 GPIB Controller is a mteroprocessor-controlled chip designed to function with the 8291 GPIB Talk- 
er/Listener to implement the full IEEE Standard 488 controller function, including transfer control protocol. 
The 8292 is a preprogrammed Intel® 8041 A. 



MICROPROCESSOR SYSTEM BUS 





I 

I DMA 

I CONTROLLER 

I (OPTIONAL) 



DACR 



0291 

GPIB 
TALKER/ 
LISTENER 



8292 
GPIB 
CONTROLLER 



8293 
BUS 
TRANSCEIVERS 



'2^ 



GENERAL PURPOSE INTERFACE BUS 



IFCL 


C 


1 


40 




Vcc 


Xl 


c 


2 


39 


□ 


COUNT 


X2 


c 


3 


38 


□ 


rIn 


RiSET 


c 


4 


37 


□ 


DAV 


Vcc 


c 


5 


36 


□ 


ilR 


cs 


c 


6 


35 


□ 


OBFI 


GND 


c 


7 


34 


□ 


EOl 


fm 


c 


8 


33 


□ 


SPI 


AO 
WR 


c 
c 


9 

8292 

10 


32 
31 


□ 
□ 


TCI 
CIC 


SYNC 


c 


11 


30 


□ 


NC 


Do 


c 


12 


29 


□ 


ATNO 


Dl 


c 


13 


28 


□ 


NC 


02 


c 


14 


27 


□ 


CLTH 


D3 


c 


15 


26 


□ 


Vcc 


04 


c 


16 


25 


□ 


NC 


05 


c 


17 


24 


□ 


SYC 


06 


c 


18 


23 


□ 


llPC 


07 


c 


19 


22 


□ 


ATNi 


vss 


c 


20 


21 


□ 


SRQ 
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Figure 2. Pin Configuration 



Figure 1. 8291, 8292 Blocl( Diagram 
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Table 1. Pin Description 



Symbol 


Pin 
Number 


Type 


Name and Function 


IFCL 


1 




IPC RECEIVED (LATCHED): The 8292 monitors the IPC Line (when not 

oyoioi 1 1 ov/i III wild y 11 II v/uyi 1 iiii9|>/iii. 


Xi,X2 


2.3 




CRYSTAL INPUTS: Inputs for a crystal, LC or ah external timing signal to 
determine the internal oscillator frequency. 


RESET 


4 




RESET: Used to initialize the chip to a known state during power on. 


eg 


6 




CHIP SELECT INPUT: Used to select the 8292 from other devices on the 
common data bus. 


RD 


8 




READ ENABLE: Allows the master CPU to read from the 8292. 


Ao 


9 




ADDRESS LINE: Used to select between the data bus and the status 
register during read operations and to distinguish between data and 

PDiniTiflnHQ lA/ritton into thA Hiirinn writo nnArfltinriQ 
v/Ui 1 II 1 icii luo wiiiioii iiiiw 11 IC7 Oi^otm vjuiiiiy wiHo v/ia'wi cluv/i 10. 


WR 


10 


1 


WRITE ENABLE: Allows the master CPU to write to the 8292. 


SYNC 


11 


0 


SYNC: 8041 A instruction cycle synchronization signal; it is an output 
clock with a frequency of XTAL ^ 1 5. 


D0-D7 


12-19 


I/O 


DATA: 8 bidirectional lines used for communication between the central 
processor and the 8292's data bus buffers and status register. 


Vss 


7, 20 


P.S. 


GROUND: Circuit ground potential. 


SR5 


21 


1 


SERVICE Fi^EQUEST: One of the IEEE control lines. Sampled by the 
' 8292 when it is controller in charge. If true, SPI interrupt to the master will 
be generated. 


ATNI 


22 


1 


ATTENTION IN: Used by the 8292 to monitor the GPIBATN control line. 
If is used during the transfer control procedure. 




23 


I/O 


INTERFACE CLEAR: One of the QPIB management lines, as defined by 
IEEE Std. 488-1978, places all devices in a known quiescent state. 


SYC 


24 


1 


SYSTEM CONTROLLER: Monitors the system controller switch. 


CLTH 


27 


0 


CLEAR LATCH: Used to clear the IFCR latch after being recognized by 
the 8292. Usually low (except after hardware Reset), it will be pulsed high 
when IFCR is recognized by the 8292. 


ATNO 


29 


0 


ATTENTION OUT: Controls the ATN control line of the bus through 
external logic for tcs and tea procedures. (ATN is a GPIB control line, as 

HofinArl h\/ IPPP QtH AAA 1Q7A \ 


Vcc 


5, 26, 40 


P.S. 


VOLTAGE: + 5V supply input ±10%. 


COUNT 


39 


1 


EVENT COUNT: When enabled by the proper command the internal 
counter will count external events through this pin. High to low transition 
will increment the internal counter by one. The pin is sampled once per 
three internal instruction cycles (7.5 jusec sample period when using 5 
MHz XTAL). It can be used for byte counting when connected to NDAC, 
or for block counting when connected to the EOl. 


REN 


38 


0 


REMOTE ENABLE: The Remote Enable bus signal selects remote or 
local control of the device on the bus. A GPIB bus signal selects remote 
or local control of the device on the bus. A QPIB bus management line, 
as defined by IEEE Std. 488-1978. 
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Table 1. Pin Description (Continued) 



Symbol 


Pin 
No. 


Type 


Name and Function 


DAV 


37 


I/O 


DATA VALID: Used during parallel poll to force the 8291 to accept the 
parallel poll status bit. It is also used during the tcs procedure. 


TBR 


36 


0 


INPUT BUFFER NOT FULL: Used to interrupt the central processor 
while the input buffer of the 8292 is empty. This feature is enabled and 
disabled by the interrupt mask register. 


OBFI 


36 


0 


OUTPUT BUFFER FULL: Used as an interrupt to the central processor 
while the output buffer of the 8292 is full. The feature can be enabled and 
disabled by the interrupt mask register. 


E012 


34 


I/O 


END OR IDENTIFY: One of the GPIB management lines, as defined by 
IEEE Std. 488-1978. Used with ATN as Identify Message during parallel 
poll. 


SPI 


33 


o 


SPECIAL INTERRUPT: Used as an interrupt on events not initiated oy 
the central processor. 


TCI 


32 


0 


TASK COMPLETE INTERRUPT: Interrupt to the control processor used 
to indicate that the task requested was completed by the 8292 and the 
information requested is ready in the data bus buffer. 


CIC 


31 


0 


CONTROLLER IN CHARGE: Controls the S/R input of the SRQ bus 
transceiver. It can also be used to indicate that the 8292 is in charge of 
the GPIB bus. 



FUNCTIONAL DESCRIPTION 

The 8292 is an Intel 8041 A which has been pro- 
grammed as a GPIB Controller Interface element. It 
is used with the 8291 GPIB Talker/Listener and two 
8293 GPIB Transceivers to form a complete lEEE- 
488 Bus Interface fpr a microprocessor. The electri- 
cal interface is performed by the transceivers, data 
transfer is done by the talker/listener, and control of 
the bus is done by the 8292. Figure 3 is a typical 
controller interface using Intel's GPIB peripherals. 



TO 

PROCESSOR 

BUsNf^ 



R< 19 



TO /_ 
PROCESSOR < 15 
BUS Y~ 



OPTA 
OPTB 
8293 



A- 

MODE 3 ^ 9 



-^T" OPTA 
-y OPTB 



Figure 3. Talker/Listener/Controller 
Configuration 
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The internal RAM in tlie 8041 A is used as a special 
purpose register bank for the 8292. Most of these 
registers (except for the interrupt flag) can be ac- 
cessed through commands to the 8292. Table 2 
identifies the registers used by the 8292 and how 
they are accessed. 

Interrupt Status Register 



SYC 


ERR 


SRQ 


EV 


X 


IFCR 


IBF 


OBF 



Do 



The 8292 can be configured to interrupt the micro- 
processor on one of several conditions. Upon re- 
ceipt of the interrupt the microprocessor must read 
the 8292 interrupt status register to determine which 
event caused the interrupt, and then the appropriate 
subroutine can be performed. The interrupt status 
register is read with Aq high. With the exception of 
OBF and IBF, these interrupts are enabled or dis- 
abled by the SPI interrupt mask. OBF and IBF have 
their own bits in the interrupt mask (OBFI and IBFI). 

OBF Output Buffer Full. A byte is waiting to be read 
by the microprocessor. This flag is cleared 
when the output data bus buffer is read. 

IBF Input Buffer Full. The byte previously written 
by the microprocessor has not been read yet 
by the 8292. If another byte is written to the 
8292 before this flag clears, data will be lost. 
IBF is cleared when the 8292 reads the data 
byte. 

IFCR Interface Clear Received. The GPIB system 
controller has set IFC. The 8292 has become 
idle and is no longer is charge of the bus. The 
flag is cleared when the lACK command is 
issued. 



EV Event Counter Interrupt. The requested num- 
ber of blocks of data byte has been trans- 
ferred. The EV interrupt flag is cleared by the 
lACK command. 

SRQ Service Request. Notified the 8292 that a 
service request (SRQ) message has been re- 
ceived. It is cleared by the lACK command. 

ERR Error occurred. The type of error can be de- 
termined by reading the error status register. 
This interrupt flag is cleared by the lACK com- 
mand. 

SYC System Controller Switch Change. Notifies 
the processor that the state of the system 
controller switch has changed. The actual 
state is contained in the GPIB Status Regis- 
ter. This flag is cleared by the lACK com- 
mand. 



Interrupt Mask Register 



1 


SPI 


TCI 


SYC 


OBFI 


IBFI 


0 


SRQ 



D7 



Do 



The Interrupt Mask Register is used to enable fea- 
tures and to mask the SPI and TCI interrupts. The 
flags in the Interrupt Status Register will be active 
even when masked out. The Interrupt Mask Register 
is written when Aq is low and reset by the RINM 
command. When the register is read, Di and D7 are 
undefined. An interrupt is enabled by setting the cor- 
responding register bit. 

SRQ Enable interrupts on SRQ received. 

IBFI Enable interrupts on input buffer empty. 

OBFI Enable interrupts on output buffer full. 



Table 2. 8292 Registers 



READ FROM 8292 

INTERRUPT STATUS 






Ao 


WRriE TO 8292 

INTERRUPT MASK 






Ao 


1 SYC 


ERR 


SRQ 


EV 


X 


IFCR 


IBF 


OBF 


1 


1 1 


SPI 1 TCI 


SYC 


OBFI 


IBFI 


0 


SRQ 


0 








ERROR FLAG 






Do 




D7 




ERROR MASK 






Do 




1 X 


X 


USER 


X 


X 


TOUT3 


TOUT2ITOUT1 


0* 


1 0 


0 1 USER 


0 


0 


TOUT3ITOUT2ITOUT1 


|o 






CONTROLLER STATUS 










COMMAND FIELD 








|CSBS 


CA 


X 


X 


SYCS 


IFC 


REN 


SRQ 


0* 


1 1 




OP 




c 






1 






GPIB (BUS) STATUS 










EVENT COUNTER 










REN 


DAV 


EO, 


X 


SYC 


IFC 


ANTI 


SRQ 


0* 


1 0 


D 1 D 








D 


D 


0* 






EVENT COUNTER STATUS 












TIME OUT 










1 ^ 




0 


0 


0 






D 


0* 


1 D 


D 1 D 




D 


D 


D 










TIME OUT STATUS 






























D 


D 


D 








0* 


NOTE: These registers are accej 


ised by i 


1 special utility 
























command, see page 7. 
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SYC Enable interrupts on a change In the system 
controller switch. 

TCI Enable interrupts on the task completed. 

SPI Enable interrupts on special events. 

NOTE: 

The event counter is enabled by the GSEC com- 
mand, the error interrupt is enabled by the error 
mask register, and IFC cannot be masked (it will al- 
ways cause an interrupt). 



Controller Status Register 



CSBS 


CA 


X 


X 


SYCS 


IFC 


REN 


SRQ 



D7 Do 

The Controller Status Register is used to determine 
the status of the controller function. This register is 
accessed by the RCST command. 

SRQ Service Request line active (CSRS). 

REN Sending Remote Enable. 

IFC Sending or receiving interface clear. 

SYCS System Controller Switch Status (SACS). 

CA Controller Active (CACS + CAWS + 
CSWS). 

CSBS Controller Stand-by State (CSBS, CA) = 
(0,0)-— Controller Idle. 



GPIB Bus Status Register 



REN 


DAV 


EOl 


X 


SYC 


IFC 


ATNI 


SRQ 



D7 Do 

This register contains GPIB bus status information. It 
can be used by the microprocessor to monitor and 
manage the bus. The GPIB Bus Register can be 
read using the RBST command. 



Each of these status bits reflect the current status of 
the corresponding pin on the 8292. 

SRQ Service Request 

ATNI Attention In 

IFC Interface Clear 

SYC System Controller Switch 

EOl End or Identify 

DAV Data Valid 

REN Remote Enable 



Event Counter Register 



D7 




D5 


D4 


D3 


D2 


Di 


Do 



The Event Counter Register contains the initial value 
for the event counter. The counter can count pulses 



on pin 39 of the 8292 (COUNT). It can be connected 
to EOl or NDAC to count blocks or bytes respective- 
ly during standby state. A count of zero equals 256. 
This register cannot be read, and is written using the 
WEVC command. 



Event Counter Status Register 



D7 




D5 


D4 


D3 


D2 


Di 


Do 



This register contains the current value in the event 
counter. The event counter counts back from the 
initial value stored in the Event Counter Register to 
zero and then generates an Event Counter Interrupt. 
This register cannot be written and can be read us- 
ing a REVC command. 



Time Out Register 



D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 



The Time Out Register is used to store the time 
used for the time out error function. See the individu- 
al timeouts (T0UT1 , 2, 3) to determine the units of 
this counter. This Time Out Register cannot be read, 
and it is written with the WTOUT command. 



Time Out Status Register 



D7 


De 


D5 


D4 


D3 


D2 


Di 


Do 



This register contains the current value in the time 
out counter. The time out counter decrements from 
the original value stored in the Time Out Register. 
When zero is reached, the appropriate error Interrupt 
is generated. If the register is read while none of the 
time out functions are active, the register will contain 
the last value reached the last time a function was 
active. The Time Out Status Register cannot be writ- 
ten, and it is read with RTOUT command. 



Error Flag Register 



X 


X 


USER 


X 


X 


TOUT3 


TOUT2 


TOUT1 



Four errors are flagged by the 8292 with a bit in the 
Error Flag Register. Each of these errors can be 
masked by the Error Mask Register. The Error Flag 
Register cannot be written, and it is read by the 
lACK command when the error flag in the Interrupt 
Status Register is set. 

T0UT1 Time Out Error 1 occurs when the current 
controller has not stopped sending ATN af- 
ter receiving the TCT message for the time 
period specified by the Time Out Register. 
Each count in the Time Out Register is at 
least 1 800 tcv- After flagging the error, the 
8292 will remain in a loop trying to take con- 
trol until the current controller stops send- 
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ing ATN or a new command is written by 
the microprocessor. If a new command is 
written, the 8292 will return to the loop after 
executing it. 

T0UT2 Time Out Error 2 occurs when the transmis- 
sion between the addressed talker and lis- 
tener has not started for the time period 
specified by the Time Out Register. Each 
count in the Time Out Register is at least 45 
tcY- This feature is only enabled when the 
controller is in the CSBS state. 

TOUTS Time Out Error 3 occurs when the hand- 
shake signals are stuck and the 8292 is not 
succeeding in taking control synchronously 
for the time period specified by the Time 
Out Register. Each count in the Time Out 
Register is at least 1800 tpY- The 8292 will 
continue checking ATN I until it becomes 
true or a new commnand is received. After 
performing th e new command, the 8292 will 
return to the ATN I checking loop. 

USER User error occurs when request to assert 
IFC or REN was received and the 8292 was 
not the system controller. 



Error Mask Register 



0 


0 


USER 


0 


0 


TOUT3 


TOUT2 


TOUT1 



D7 Do 



The Error Mask Register is used to mask the inter- 
rupt from a particular type of error. Each type of error 
interrupt is enabled by setting the corresponding bit 
in the Error Mask Register. This register can be read 
with the RERM command and written with Aq low. 



Command Register 



1 


1 


1 


OP 


c 


c 


0 


0 
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Commands are performed by the 8292 whenever a 
byte is written with Ao high. There are two categories 
of commands distinguished by the OP bit (bit 4). The 
first category is the operation command (OP = 1). 
These commands initiate some action on the inter- 
face bus. The second category is the utility com- 
mand (OP = 0). These commands are used to aid 
the communication between the processor and the 
8292. 



OPERATION COMMANDS 

Operation commands initiate some action on the 
GPIB interface bus. It is using these commands that 
the control functions such as polling, taking and 
passing control, and system controller functions are 
performed. 



FO — SPCNI— Stop Counter Interrupts 

This command disables the internal counter inter- 
rupt so that the 8292 will stop interrupting the master 
on event counter underflows. However, the counter 
will continue counting and its contents can still be 
used. 

F1— GIDL--GO To (die 

This command is used during the transfer of control 
procedure while transferring control to another con- 
troller. The 8292 will res pond t o this command only 
if it is in the active state. ATNO will go high, and GiC 
will be high so that this 8292 will no longer be driving 
the ATN line on the GPIB interface bus. TCI will be 
set upon completion. 

F2—RST— Reset 

This command has the same effect as asserting the 
external reset on the 8292. For details, refer to the 
reset procedure described later. 

F3—RSTI— Reset Interrupts 

This command resets any pending interrupts and 
clears the error flags. The 8292 will not return to any 
loop it was in (such as from the time out interrupts). 

F4— GSEC— Go To Standby, Enable Counting 



The function causes ATNO to go high and the coun- 
ter will be enabled. If the 8292 was not the active 
controller, this command will exit immediately. If the 
8292 is the active controller, the counter will be 
loaded with the value stored in the Event Counter 
Register, and the internal interrupt will be enabled so 
that when the counter reaches zero, the SPI inter- 
rupt will be generated. SPI will be generated every 
256 counts thereafter until the controller exits the 
standby state or the SPCNI command is written. An 
initial count of 256 (zero in the Event Counter Regis- 
ter) will be used if the WEVC command is not exe- 
cuted. If the data transmission does not start, a 
T0UT2 error will be generated. 

F5—EXPP— Execute Parallel Poll 

This command initiates a parallel poll by asserting 
EOl when ATN is already active. TCI will be set at 
the end of the command. The 8291 should be previ- 
ously configured as a listener. Upon detection of 
DAV true, the 8291 enters ACDS and latches the 
parallel poll response (PPR) byte into its data in reg- 
ister. The master will be interrupted by the 8291 Bl 
interrupt when t he P PR byte is available. No inter- 
rupts except the IBFI will be generated by the 8292. 
The 8292 will respond to this command only when it 
is the active controller. 
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F6— GTSB— Go To Standby 

If the 8292 is the active controller, ATNO will go high 
then TCI will be generated. If the data transmission 
does not start, a T0UT2 error will be generated. 



F7— SLOC— Set Local Mode 

If the 8292 is the system controller, then REN will be 
asserted false and TCI will be set true. If it is not the 
system controller, the User Error bit will be set in the 
Error Flag Register. 



F8— SREM— Set Interface To Remote Control 

This command will set REN true and TCI true if this 
8292 is the system controller. If not, the User Error 
bit will be set in the Error Flag Register. 



F9— ABORT— Abort All Operation, Clear 
Interface 

This command will cause IFC to be asserted true for 
at least 100 jusec if this 8292 is the system control- 
ler. If it is in CIDS, it will take control over the bus 
(see the TCNTR command). 



FA— TCNTR— Take Control 

The transfer of control procedure is coordinated by 
the master with the 8291 and 8292. When the mas- 
ter receives a TCT message from the 8291 , it should 
issue the TCNTR command to the 8292. The follow- 
ing events occur to take control: 

1) The 8292 checks to see If It is in CIDS, and if not, 
it exits. 

2) Then ATNI is checked until it becomes high. If the 
current controller does not release ATN for the 
time specified by the Time Out Register, then a 
T0UT1 error is generated. The 8292 will return to 
this loop after an error or any command except 
the RST and RSTI commands. 

3) After the curre nt con troller releases ATN, the 
8292 will assert ATNO and CIC low. 

4) Finally, the TCI interrupt is generated to inform 
the master that it is in control of the bus. 



FC— TCASY— Take Control Asynchronously 

TCAS transfers the 8292 from CSBS to CACS inde- 
pendent of the handshake lines. If a bus hangup is 
detected (by an error flag), this command will force 
the 8292 to take control (asserting ATN) even if the 
AH function is not in ANRS (Acceptor Not Ready 
State). This command should be used very carefully 
since it may cause the loss of a data byte. Normally, 
control should be taken synchronously. After check- 



ing the controller function f or bejn g in the CSBS 
(else it will exit immediately), ATNO will go low, and 
a TCI inten'upt will be generated. 



FD— TCSY— Take Control Synchronously 

There are two different procedures used to transfer 
the 8292 from CSBS to CACS depending on the 
state of the 8291 in the system. If the 8291 is In 
"continuous AH cycling" mode (Aux. Reg. AO = A1 
= 1), then the following procedures should be fol- 
lowed: 

1) The master microprocessor stops the continuous 
AH cycling mode in the 8291; 

2) The master reads the 8291 Interrupt Status 1 
Register; 

3) If the END bit is set, the master sends the TCSY 
command to the 8292; 

4) If the END bit was not set, the master reads the 
8291 Data In Register and then waits for another 
Bl Interrupt from the 8291. When it occurs, the 
master sends the 8292 the TCSY command. 

If the 8291 is not in AH cycling mode, then the mas- 
ter just waits for a Bl interrupt and then sends the 
TCSY command. After the TCS Y comm a nd has 
been issued, the 8292 checks for CSBS. If CSBS, 
then it exits the routine. OthenA^ise, It then checks 
the DAV bit In the GPIB status. When DAV becomes 
false, the 8292 will wait for at least 1.5 jmsec. (T10) 
and then ATNO will go low. If DAV does not go low, 
a T0UT3 error will be generated. If the 8292 suc- 
cessfully takes control, it sets TCI true. 



FE—STCNI— Start Counter Interrupts 

This command enables the Internal counter inter- 
rupt. The counter Is enabled by the GSEC com- 
mand. 



UTILITY COMMANDS 

All these commands are either Read or Write to reg- 
isters in the 8292. Note that writing to the Error Mask 
Register and the Interrupt Mask Register are done 
directly. 



El— WTOUT— Write To Time Out Register 

The byte written to the data bus buffer (with Aq = 0) 
following this command will determine the time used 
for the time out function. Since this function Is imple- 
mented in software, this will not be an accurate time 
measurement. This feature is enable or disable by 
the E rror Mask Register. No interrupts except for the 
IBFI will be generated upon completion. 
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E2—WEVC— Write To Event Counter 

The byte written to the data bus buffer (with Aq = 0) 
following this command will be loaded into the Event 
Counter Register and the Event C ounte r Status for 
byte counting of EOl counting. Only IBFI will indicate 
completion of this command. 



E3-^REVC— Read Event Counter Status 

This command transfers the contents of the Event 
Counter into the data bus buffer. A TCI is generated 
when the data is available in the data bus buffer. 



E4— RERF— Read Error Flag Register 

This command transfers the contents of the Error 
Flag Register into the data bus buffer. A TCI is gen- 
erated when the data is available. 



E5— RINM^Read Interrupt Mask Register 

This command transfers the contents of the Inter- 
rupt Mask Register into the data bus buffer. This reg- 
ister is available to the processor so that it does not 
need to store this information elsewhere. A TCI is 
generated when the data is available in the data bus 
buffer. 



E6— RCST— Read Controller Status Register 

This command transfers the contents of the Control- 
ler Status Register into the data bus buffer and a TCI 
interrupt is generated. 



E7— RBST— Read GPIB Bus Status Register 

This command transfers the contents of the GPIB 
Bus Status Register into the data bus buffer, and a 
TCI interrupt is generated when the data is available. 

E9— RTOUT— Read Time Out Status Register 

This command transfers the contents of the Time 
Out Status Register into the data bus buffer, and a 
TCI interrupt is generated when the data is available. 



EA— RERM— Read Error Mask Register 

This command transfers the contents of the Error 
Mask Register to the data bus buffer so that the 
processor does not need to store this information 
elsewhere. A TCI interrupt is generated when the 
data is available. 



Interrupt Acknowledge 



SYC 


ERR 


SRQ 


EV 


1 


IFCR 


1 


1 



Dr Do 



Each named bit in an Interrupt Acknowledge (lACK) 
corresponds to a flag in the Interrupt Status Regis- 
ter. When the 8292 receives this command, it will 
clear the SPI and the corresponding bits in the Inter- 
rupt Status Register. If not all the bits were cleared, 
then the SPI will be set true again. If the error flag is 
not acknowledged by the lACK comrpand, then the 
Error Flag Register will be transferred to the data 
bus buffer, and a TCI will be generated. 

NOTE: 

XXXX1 X1 1 is an undefined operation or utility com- 
mand, so no conflict exists between the lACK oper- 
ation and utility commands. 



SYSTEM OPERATION 

8292 To Master Processor Interface 

Communication between the 8292 and the Master 
Processor can be either interrupt based communica- 
tion or based upon polling the interrupt status regis- 
ter in predetermined intervals. 

Interrupt Based Communication 

Four different interrupts are available from the 8292: 
OBFI Output Buffer Full Interrupt 
IBFI Input Buffer Not Full Interrupt 
TCI Task Completed Interrupt 
SPI Special Interrupt 

Each of the interrupts is enabled or disabled by a bit 
in the interrupt mask register. Since OBFI and IBFI 
are directly connected to the OBF and IBF flags, the 
master can write a new command to the input data 
bus buffer as soon as the previous command has 
been read. 

The TCI interrupt is useful when the master is send- 
ing commands to the 8292. The pending TCI will be 
cleared with each new command written to the 
8292. Commands sent to the 8292 can be divided 
into two major groups: 

1) Commands that require response back from the 
8292 to the master, e.g., reading register. 

2) Commands that initiate some action or enable 
features but do not require response back from 
the 8292, e.g., enable data bus buffer interrupts. 
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With the first group, the TCI interrupt will be used to 
indicate that the required response is ready in the 
data bus buffer and the master may continue and 
read it. With the second group, the interrupt will be 
used to indicate completion of the required task, so 
that the master may send new commands. 

The SPI should be used when immediate informa- 
tion or special events is required (see the Interrupt 
Status Register). 

"Polling Status" Based Communication 

When interrupt based communication is not desired, 
all interrupts can be masked by the interrupt mask 
register. The communication with the 8292 is based 
upon sequential poll of the interrupt status register. 
By testing the OBF and IBF flags, the data bus buff- 
er status is determined while special events are de- 
termined by testing the other bits. 

Receiving IPC 

The IPC pulse defined by the IEEE-488 standard is 
at least 100 jasec. In this time, all operation on the 
bus should be aborted. Most important, the current 
controller (the one that is in charge at that time) 
should stop sending ATN or EOl. Thus, IP C must 
externally gate CIC (controller in charge) and ATNO 
to ensure that this occurs. 



Reset and Power Up Procedure 

After the 8292 has been reset either by the external 
reset pin, the device being powered on, or a RST 
command, the following sequential events will take 
place: 

1) All ou t puts to the GPIB interf ace w ill go high 
(SRQ, ATNI, IPC, SYC, CLTH. ATNO, CIC. TCI. 
SPI, EOl, OBPI, IBPI, DAV, REV). 

2) The four interrupt outputs (TCI. SPI, OBPI, IBPI) 
and CLTH output will go low. 

3) The following registers will be cleared: 
Interrrupt Status 

Interrupt Mask 
Error Plag 
Erorr Mask 
Time Out 

Event Counter (= 256), counter is disabled. 

4) If the 8292 is the system controller, and ABORT 
command will be executed, the 8292 will become 
the controller in charge, and it will enter the CACS 
state. 

If it is not the system controller, it will remain in 
CIDS. 



System Configuration 

The 8291 and 8292 must be interfaced to an IEEE- 
488 bus meeting a variety of specifications including 
drive capability and loading characteristics. To inter- 
face the 8291 and the 8292 without the 8293's, sev- 
eral external gates are required, using a configura- 
tion similar to that used in Pigure 5. 
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PROCESSOR BUS 
INTERRUPT WR RO RSTCLK ADD DATA DMA 



V 



•291 

OREO 
DACK 
DATA 

RSo 

RSi 

RSa 

CLOCK 

RESET 

RD 

WR 

INT 

CS 



ioi 



T/ITi 



DiO 



55. 

WR 



NOTES: 

1 . Connect to NDAC for byte count or to EOl for block count. 

2. Gate ensures open collector operation during parallel poll. 



OPIB 
TRANSCEIVERS 



0 




3> 



i; 




SYSTEM ON 
CONTROLLER 
SWITCH OFF 



'K — 



1 Id I EOl 



H |lFC ^ 



H ^1b^ |Re < 
H ^Ic^l SRQ 
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Figure 4. 8291 and 8292 System Configuration 
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TO MICROPROCESSOR 



TO 

MICROPROCESSOR 



QPIB 
TRIGGER • 
OUTPUT 



TO 

MICROPROCESSOR 



OSCILLATOR 
OUTPUT 



RESET 
DREQ 
DACK 
CS 

CLOCK 
INT 



0101 
0102 
0103 
Di04 

oios 

0106 
DI07 
DIOi 
T/R1 
DAV 
EOl 
ATN 
SRQ 
IPC 
NDAC 
NRFO 
T/R2 
REN 



I — '~ . 

15-25 pF J J- 



DO 
01 
02 
03 
04 
05 
06 
07 

AO «292 

RD 

WR 

RESET 

CS 

TCI 

SPI 

OBFI 

IBFI 

SYNC 

SS 

Xit 

Xat 

EA 



SRQ 
REN 

iFC 

COUNT 
£012 
ATNI 



IFCL 

cic 



CLTH 
SVC 



0101 
DI02 
Di03 
0104 

oios 

0T06 
0107 

oios 

T/RI 
DAV 
EOi 
ATN 



ATNO 
IFCL 



OPTA 
OPTS 



0101 • 


22 




19 


0103* 


18 


0104* 


17 


0105* 


16 


0106* 


IS 


DI07* 


13 


0108* 


12 


OAV* 


21 



TO 

IEEE-4 
BUS 



- Vcc 

- Vcc 



ON SYSTEM 
CONTROLLER 
^OFF SWITCH 



icr 8293 



T/RI 
ATFi 
NDAC 
RFffB 
T/R2 
SRQ 
REN 
IFC 
ATNO 
EOI 

ioi2 

ATNI 



IFCL 

cic 

CLTH 
SYC 



NDAC 
NRFD 

SRQ* 
REN* 
IFC* 
ATN* 

EOI 



OPTA 
OPTB 



TO 

IEEE-4 
BUS 



-Vss 
-Vcc 
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NOTES: 

* = GPIB bus transceiver 

t = See 8041 data sheet for alternate crystal configurations 
tt = Can connect to system reset switch, see 8041 A data sheet 



Figure 5. 8291, 8292, and 8293 System Configuration 
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ABSOLUTE MAXIMUM RATINGS^ 

Ambient Temperature Under Bias O'^C to 70°C 

Storage Temperature -65'*C to + 1 50°C 

Voltage to Any Pin with Respect 
to Ground.. 0.5V to +7V 

Power Dissipation 1.5 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS Ta == 0Xto70°C, Vss = OV: 8292, Vcc =^ ±5V ±io% 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


V|L1 


Input Low Voltage (All Except Xi, X2, RESET) 


-0.5 


0.8 


V 




V|L2 


Input Low Voltage (Xi, X2, RESET) 


-0.5 


06 


V 




V|H1 


Input High Voltage (All Except Xi, X2, RESET) 


2.2 


Vcc 


V 




V|H2 


Input High Voltage (Xi , X2, RESET) 


3.8 


Vcc 


V 




V0L1 


Output Low Voltage (Do- D7) 




0.45 


V 


Iql = 2.0 mA 


V0L2 


Output Low Voltage (All Other Outputs) 




0.45 


V 


Iql = 1.6 mA 


Vqhi 


Output High Voltage (D0-D7) 


2.4 




V 


Iqh = -400jLiA 


V0H2 


Output High Voltage (All Other Outputs) 


2.4 , 




V 


Iqh = -50 jmA 


l|L 


Input Leakage Current (COUNT, IFCL, RD. WR, CS, Aq 




±10 


juA 


Vss ^ V,N ^ Vcc 


loz 


Output Leakage Current (D0-D7, High Z State) 




±10 


julA 


Vss+0.45^ V|N^ Vcc 


Ilii 


Low Input Load Current (Pins 21 -24, 27-38) 




0.5 


mA 


V|L = 0.8V 


•lI2 


Low Input Load Current (RESET) 




0.2 


mA 


V|L = 0.8V 


'cc 


Total Supply Current 




125 


mA 


Typical = 65 mA 


l|H 


Input High Leakage Current (Pins 21 -24, 27-38) 




100 


juiA 


V|N = Vcc 




Input Capacitance 




10 


PF 




Ci/o 


I/O Capacitance 




20 


PF 





A.C. CHARACTERISTICS Ta = o**c to 70*'C, Vss = 0V:8292, Vcc = ±5V ±10% 



DBB READ 



Symbol 


Parameter 


Min 


IVlax 


Unit 


Test Conditions 


Ur 


CS, Ao Setup to RD i 


0 




ns 




tRA 


CS, Ao Hold toRDt 


0 




ns 




tRR 


RD Pulse Width 


250 




ns 




tAD 


CS, Ao to Data Out Delay 




225 


ns 


, Cl= 150 pF 


tRD 


RD i to Data Out Delay 




225 


ns 


Cl = 150 pF 


tDF 


RDt to Data Float Delay 




too 


ns 






Cycle Time 


2.5 


15 


jUS 
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DBB WRITE 



Symbol 


Parameter 


MIn 


Max 


Unit 


Test Conditions 




CS. Ao Setup to WRi 


0 




ns 




tWA 


CS, Ao Hold after WRt 


0 




ns 




tww 


WR Pulse Width 


250 




ns 




tow 


Data Setup to WR t 


150 




ns 




two 


Data Hold after WRi 


0 




ns 





COMMAND TIMINGSd' 3) 



\#oae 


Name 


Execution 
Time 






CDI 














voiiiiiienis 


iDri 1 


ATKir> 
A 1 NVI 


nCN 


CSJl 


RAW 


E1 


WTOUT 


63 


24 




















E2 


WEVC 


63 


24 


















E3 


REVC 


71 


24 


51 
















E4 


RERF 


67 


24 


47 
















E5 


RINM 


69 


24 


49 
















E6 


RCST 


97 


24 


77 
















E7 


RBST 


92 


24 


72 
















E8 
























E9 


RTOUT 


69 


24 


49 
















EA 


RERM 


69 


24 


49 
















FO 


SPCNI 


53 


24 


















Count Stops after 39 


F1 


GIOL 


88 


24 


70 




t61 


t61 












F2 


RST 


94 


24 




i52 














Not System Controller 


F2 


RST 


214 


24 


192 


i52 


il79 


il74 


iioi 








System Controller 


F3 


RSTI 


61 


24 




















F4 


GSEC 


125 


24 


107 




t98 












F5 


EXPP 


75 


24 












4.53 
t59 


i55 
t57 




F6 


GTSB 


118 


24 


100 




t91 












F7 


SLOG 


73 


24 


55 








t46 








F8 


SREM 


91 


24 


73 








4.64 








F9 


ABORT 


155 


24 


133 




4.120 


il15 


4.42 








FA 


TCNTR 


108 


24 


86 




i71 


i68 










FC 


TCAS 


92 


24 


67 




i55 












FD 


TCSY 


115 


24 


91 




i80 












FE 


STCNI 


59 


24 


















Starts Count after 43 


PIN 


RESET 


29 




17 


17 














Not System Controller 


X 


lACK 


116 






l73 
t98 














If Interrupt Pending 



NOTES: 

1. All times are multiples of tcv from the 8041 A command interrupt. 

2. TCI clears after 7 tcv on all commands. 

3. t indicates a level transition from low to high, i indicates a high to low transition. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



^> TEST POINTS <^ 



205250-6 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 



A.C. TESTING LOAD CIRCUIT 



DEVICE 
UNDER 
TEST 



1 
I 



Ci Include Jig Capacitance. 



CLOCK DRIVER CIRCUITS 

CRYSTAL OSCILLATOR MODE 



< 15 pF 



(INCLUDES XTAL. 
SOCKET. STRAY) 



15-25 pF :±: 

(INCLUDES SOCKET. 

STRAY) -ir 



205250-8 



NOTE: 

Crystal series resistance should be <75ft at 6 MHz; 
<i8bflat3.6MHz. 



DRIVING FROM EXTERNAL SOURCE 



-o 




XTAL2 

NOTE: 205250-9 

Both XTAL1 and XTAL2 should be driven. Resistors to 
Vcc are needed to ensure V|h = 2.8V if TIL circuitry 
is used. 



LC OSCILLATOR MODE 



L 

45 /xH 
120 jaH 



C NOMINAL f 

20 pF 5.2 MHz 
20 pF 3.2 MHz 



XTAL I 



NOTES: 205250-10 

1. Cpp ~ 5-10 pF pin-to-pin capacitance 

2. Each C should be approximately 20 pF, including stray capacitance. 



C 



' 27rViIC 
C + 3Cpp 
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WAVEFORMS 

READ OPERATION— DATA BUS BUFFER REGISTER 



CS OR Ao 
(SYSTEM 
ADDRESS BUS) 



S) 



RD 

(READ CONTROL) 



DATA BUS 

(OUTPUT) 



X 



J" 



-tAO- 



< 



■ tOF- 



WRITE OPERATION— DATA BUS BUFFER REGISTER 



CS OR Ao 
(SYSTEM 
ADDRESS BUS) 



IS) nt. 



-Iaw- 



WR 

(WRITE CONTROL) 



DATA BUS 
(INPUT) 



DATA 
MAY CHANGE 



- tow- 



X 



two 



^ DATA VALID ^ 



DATA 
MAY CHANGE 
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3-47 



8292 



APPENDIX A 



The following tables and state diagrams were taken from the IEEE Standard Digital Interface for Programma- 
ble Instrumentation, IEEE Std. 488-1978. This document is the official standard for the GPIB bus and can be 
purchased from IEEE, 345 East 47th St., New York, NY 10017. 



C MNEMONICS 





Messages 


Interface States 


pon = power on 

lou — lo^ueoi oyoiuni coniroi 

rpp s request parallel poll 

gts = go to standby 

tea = take control asynchronously 

tcs = take control synchronously 

sic = send interface clear 

sre s send remote enable 

IFC = interface clear 
ATN = attention 
TCT = take control 


CIDS ^ controller idle state 
CADS controller addressed state 
CTRS = controller transfer state 
CACS = controller active state 
CPWS = controller parallel poll wait state 
CPPS = controller parallel poll state 

CSBS = controller standby state 

CSHS - controller standby hold state 

CAWS - controller active wait state 

CSWS = controller synchronous wait state 

CSRS = controller service requested state 

CSNS = controller service not requested state 

SNAS = system control not active state 

SACS = system control active state 

SRIS system control remote enable idle state 

SRNS = system control remote enable not active state 

SRAS = system control remote enable active state 

SIIS = system control interface clear idle state 

SINS = system control interface clear not active state 

SIAS ^ system control interface clear active state 

(ACDS) = accept data state (AH function) 

(ANRS) = acceptor not ready state (AH function) 

(SDYS) = source delay state (SH function) 

(STRS) = source transfer state (SH function) 

(TADS) = talker addressed state (T function) 
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NOTES: 

* T-io > 1.5 jutsec 

t The microprocessor mu st wait for the 80 interrupt before writing the GTSB or GSEC 
commands to ensure that (STRS A SDYS) is true. 
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REMOTE MESSAGE CODING 



Bus Signal Llne(s) and Coding That 
Asserts the True Value of the Message 

C 



Mnemonic 


Message Name T 


L 


D 












D 


N N 












Y 


A 


1 












1 


D R D 


A E 


S 1 R 






P 


S 


0 












0 


A F A 


T 0 R F E 






E 


S 


a 


7 


6 


5 


4 


3 


2 1 


V D C 


N 


1 


Q C N 


ACG 


Addressed Command Group M 


AC 


Y 


0 


0 


0 


X 


X 


X X 


XXX 


1 


X 


XXX 


ATN 


Attention 


U 


UC 


X 


X 


X 


X 


X 


X 


X X 


XXX 


1 


X 


XXX 


DAB 


Data Byte 


(Notes 1,9) M 


DD 


D 


D 


D 


D 


D 


p 


D D 


XXX 


0 


X 


XXX 










8 


7 


6 


5 


4 


3 


2 1 










DAC 


Data Accepted 


U 


HS 


X 


X 


X 


X 


X 


X 


X X 


X X 0 


X 


X 


XXX 


DAV 


Data Valid 


U 


HS 


X 


X 


X 


X 


X 


X 


X X 


1 X X 


X 


X 


XXX 


DCL 


Device Clear 


M 


UC 


Y 


0 


0 


1 


0 


1 


0 0 


XXX 


1 


X 


XXX 


END 


End 


U 


ST 


X 


X 


X 


X 


X 


X 


X X 


XXX 


0 


1 


XXX 


EOS 


End of String 


(Notes 2, 9) M 


DD 


E 


E 


E 


E 


E 


E 


E E 


XXX 


0 


X 


XXX 










8 


7 


6 


5 


4 


3 


2 1 










GET 


Group Execute Trigger 


M 


AC 


Y 


0 


0 


0 


1 


0 


0 0 


XXX 


1 


X 


XXX 


GTL 


Go to Local 


M 


AC 


Y 


0 


0 


0 


0 


0 


0 1 


XXX 


1 


X 


XXX 


IDY 


Identify 


U 


UC 


X 


X 


X 


X 


X 


X 


X X 


XXX 


X 


1 


XXX 


IPC 


Interface Clear 


U 


UC 


X 


X 


X 


X 


X 


X 


X X 


XXX 


X 


X 


X 1 X 


LAG 


Listen Address Group 


M 


AD 


Y 


0 


1 


X 


X 


X 


X X 


XXX 


1 


X 


XXX 


LLO 


Local Lock Out 


M 


UC 


Y 


0 


0 


1 


0 


0 


0 1 


XXX 


1 


X 


XXX 


MLA 


My Listen Address 


(Note 3) M 


AD 


Y 


0 


1 


L 


L 


L 


L L 


XXX 


1 


X 


XXX 
















5 


4 


3 


2 1 










MTA 


My Talk Address 


(Note 4) M 


AD 


Y 


1 


0 


T 


T 


T 


T T 


XXX 


1 


X 


XXX 


















4 


3 


2 1 








5 


MSA 


My Secondary Address 


(Notes) M 


SE 


Y 


1 


1 


S 


S 


S 


S S 


XXX 


1 


X 


XXX 
















5 


4 


3 


2 1 










NUL 


Null Byte 


M 


DD 


0 


0 


0 


0 


0 


0 


0 0 


XXX 


X 


X 


XXX 


OSA 


Other Secondary Address 


M 


SE 










(OSA = 


SCG A MSA) 






OTA 


Other Talk Address 


M 


AD 










(OTA = 


TAG A MTA) 






PCG 


Primary Command Group 


M 






(PCG 




ACG V 


UCG V LAG 


V 


TAG) 


PRC 


Parallel Poll Configure 


M 


AC 


Y 


0 


0 


0 


0 


1 


0 1 


XXX 


1 


X 


XXX 


PPE 


Parallel Poll Enable 


(Note 6) M 


SE 


Y 


1 


1 


0 


S 


P 


P P 
2 1 


XXX 


1 


X 


XXX 


PPD 


Parallel Poll Disable 


(Note 7) M 


SE 


Y 


1 


1 


1 


D 


3 
D 


D D 


XXX 


1 


X 


XXX 


















4 


3 


2 1 










PPR1 


Parallel Poll Response 1 ^ 


U 


ST 


X 


X 


X 


X 


X 


X 


X 1 


XXX 


1 


1 


XXX 


PPR2 


Parallel Poll Response 2 


U 


ST 


X 


X 


X 


X 


X 


X 


1 X 


XXX 


1 


1 


XXX 


PPR3 


Parallel Poll Response 3 


U 


ST 


X 


X 


X 


X 


X 


1 


X X 


XXX 


1 


1 


XXX 


PPR4 


Parallel Poll Response 4 




ST 


X 


X 


X 


X 


1 


X 


X X 


XXX 


1 


1 


XXX 


PPR5 


Parallel Poll Response 5 


(Note 10) ^ 


ST 


X 


X 


X 


1 


X 


X 


X X 


XXX 


1 


1 


XXX 


PPR6 


Parallel Poll Response 6 


U 


ST 


X 


X 


1 


X 


X 


X 


X X 


XXX 


1 


1 


XXX 


PPR7 


Parallel Poll Response 7 


U 


ST 


X 


1 


X 


X 


X 


X 


X X 


XXX 


1 


1 


XXX 


PPR8 


Parallel Poll Response 8 . 


U 


ST 


1 


X 


X 


X 


X 


X 


X X 


XXX 


1 


1 


XXX 


PPU 


Parallel Poll Unconfigure 


M 


UC 


Y 


0 


0 


1 


0 


1 


0 1 


XXX 


1 


X 


XXX 


REN 


Remote Enable 


U 


UC 


X 


X 


X 


X 


X 


X 


X X 


XXX 


X 


X 


X X 1 


RFD 


Ready for Data 


U 


HS 


X 


X 


X 


X 


X 


X 


X X 


X 0 X 


X 


X 


XXX 


RQS 


Request Service 


(Note 9) U 


ST 


X 


1 


X 


X 


X 


X 


X X 


XXX 


0 


X 


XXX 


SCG 


Secondary Command Group M 


SE 


Y 


1 


1 


X 


X 


X 


X X 


XXX 


1 


X 


XXX 


SDC 


Selected Device Clear 


M 


AC 


Y 


0 


0 


0 


0 


1 


0 0 


XXX 


1 


X 


XXX 


SPD 


Serial Poll Disable 


M 


UC 


Y 


0 


0 


1 


1 


0 


0 1 


XXX 


1 


X 


XXX 
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REMOTE MESSAGE CODING (Continued) 



Bus Signal Llne(s) and Coding That 
Asserts the True Value of the Message 

C 



Mnemonic 


Message Name 


T L D D 




N 


N 
















Y A 1 1 


D 


R 


D 


A 


E 


S 




R 






P S 0 0 


A 


F 


A 


TOR 


F 


E 






E S 87654321 


V D C 


N 


1 


Q C N 


SPE 


Serial Poll Enable 


MUCY001 1000 


X 


X 


X 


1 


X 


X 


X 


X 


SRQ 


Service Request 


USTXXXXXXXX 


X 


X 


X 


X 


X 


1 


X 


X 


STB 


Status Byte 


(Notes 8,9)MSTSXSSSSSS 
8 6 5 4 3 2 1 


X 


X 


X 


0 


X 


X 


X 


X 


TCT 


Take Control 


MACY0001001 


X 


X 


X 


1 


X 


X 


X 


X 


TAG 


Talk Address Group 


MADY10XXXXX 


X 


X 


X 


1 


X 


X 


X 


X 


UCG 


Universal Command Group 


MUCY001XXXX 


X 


X 


X 


1 


X 


X 


X 


X 


UNL 


Unlisten 


M 1D Y 0 1 1 1 1 1 1 


X 


X 


X 


1 


X 


X 


X 


X 


UNT 


Untalk 


(Note 11) M ID Y 1 0 1 1 1 1 1 


X 


X 


X 


1 


X 


X 


X 


X 



The 1 /O coding on ATN when sent concurrent with multiline messages has been added to this revision for interpretive 
convenience. 

NOTES: 

1. D1-D8 specify the device dependent data bits. 

2. E1-E8 specify the device dependent code used to indicate the EOS message. 

3. L1-L5 specify the device dependent bits of the device's listen address. 

4. T1 -T5 specify the device dependent bits of the device's talk address. 

5. S1 -S5 specify the device dependent bits of the device's secondary address. 

6. S specifies th e sens e of the RPR. 
Response = Seist 

P1-P3 specify the PPR message to be sent when a parallel poll is executed. 
P3 P2 P1 PPR Message 

0 0 0 PPR1 



1 1 1 PPR8 

7. D1-D4 specify don't-care bits that shall not be decoded by the receiving device. It is recommended that ail zeroes be 
sent. 

8. 81 -86, 88 specify the device dependent status (DI07 is used for the RQ8 message.) 

9. The source of the message on the ATN line is always the C function, whereas the messages on the DIG and EOl lines 
are enabled by the T function. 

1 0. The source of the messages on the ATN and EOl lines is always the C function, whereas the source of the messages on 
the DIO lines is always the PP function. 

1 1 . This code is provided for system use. 
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DATA ENCRYPTION/DECRYPTION UNIT 



■ Certified by National Bureau of ■ Single 5V ± 10% Power Supply 
Standards ^ Py„y compatible with iAPX-86, 88, 

■ 400 Byte/Sec Data Conversion Rate I\/ICS-85Tm, MCS-80TM, mCS-51tm, and 

■ 64-Bit Data Encryption Using 56-Bit Key MCS-48tm Processors 

■ DMA Interface ■ Implements Federal Information 

Processing Data Encryption Standard 

■ 3 Interrupt Outputs to Aid in Loading ^ ^ ^ ^ * ^ ...... 

and Unloading Data ■ Encrypt and Decrypt Modes Available 

■ 7-Bit User Output Port 

The Intel® 8294A Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encrypt and 
decrypt 64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryp- 
tion Standard. The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit 
cipher words. The operation is reversible: if the cipher word is operated upon, the original text word is pro- 
duced. The algorithm itself is permanently contained in the 8294A; however, the 56-bit key is user-defined and 
may be changed at any time. 

The 56-bit key and 64-bit message data are transferred to and from the B294A in 8-blt bytes by way of the 
system data bus. A DMA interface and three interrupt outputs are available to minimize software overhead 
associated with data transfer. Also, by using the DMA interface two or more DEUs may be operated in parallel 
to achieve effective system conversion rates which are virtually any multiple of 400 bytes/second. The 8294A 
also has a 7-bit TTL compatible output port for user-specified functions. 

Because the 8294A implements the NBS encryption algorithm it can be used in a variety of Electronic Funds 
Transfer applications as well as other electronic banking and data handling applications where data must be 
encrypted. 
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Figure 1. Blocic Diagram 



NCC 


1 


40 


□ vcc 


X1C 


2 


39 


□ NO 


X2Z 


3 


38 


□ DACK 


RESET C 


4 


37 


□ DRQ 


Voce 


5 


36 


□ SRQ 


CSC 


6 


35 


□ OAV 


GNDC 


7 


34 


□ NC 




8 


33 


□ P6 


AO t 


9 


32 


3P5 


W^C 


10 8294 A 


31 


3P4 


SYNCC 


11 


30 


□ P3 


DOC 


12 


29 


3P2 


D1 C 


13 


28^ 


□ PI 


D2C 


14 


27 


□ PO 


D3C 


15 


26 


□ vdd 


D4C 


16 


25 


iVcc 


D5C 


17 


24 


□ CCMP 


D6C 


18 


23 


□ nc 


D7C 


19 


22 


□ NC 


GNDC 


20 


21 


□ NC 
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Figure 2. Pin Configuration 



3-52 



November 1986 
Order Number: 210465-004 



int^r 8294A 



Table 1. Pin Description 



Symbol 


Pin 
No. 


Type 


Name and Function 


NC 


1 




NO CONNECTION. 


X1 
X2 


2 
3 




CRYSTAL: Inputs for crystal, L-C or external timing signal to determine 
internal oscillator frequency. 


RESET 


4 


1 


RESET: A low signal to this pin resets the 8294A. 


Vcc 


5 




POWER: Tied high. 


CS 


6 


1 


CHIP SELECT: A low signal to this pin enables reading and writing to 
the 8294A. 


GND 


7 




GROUND: This pin must be tied to ground. 


nU 


Q 


1 
1 


READ: An active low read strobe at this pin enables the CPU to read 
data and status from the internal DEU registers. 


Ao 


9 


1 


ADDRESS: Address input used by the CPU to select DEU registers 
during read and write operations. 


WR 


10 


1 


WRITE: An active low write strobe at this pin enables the CPU to send 
data and commands to the DEU. 


SYNC 


11 


0 


SYNC: High frequency (Clock -f- 1 5) output. Can be used as a strobe 
for external circuitry. 


Do 
Di 
Uz 
O3 
D4 
D5 

De 
D7 


12 
13 

•i A 

15 
16 
17 
18 
19 


I/O 


DATA BUS: Three-state, bi-directional data bus lines used to transfer 
data between the CPU and the 8294A. 


GND 


20 




GROUND: This pin must be tied to ground. 


Vcc 


40 




POWER: +5V power input: +5V ±10%. 


NU 


00 




NO CONNcuTION. 


DACK 


38 


1 


DMA ACKNOWLEDGE: Input signal from the 8257 DMA Controller 
acknowledging that the requested DMA cycle has been granted. 


DRQ 


37 


0 


DMA REQUEST: Output signal to the 8257 DMA Controller requesting 
a uiviM cycie. 


SRQ 


36 


0 


SERVICE REQUEST: Interrupt to the CPU indicating that the 8294A is 
awaiting data or commands at the input buffer. SRQ = 1 implies IBF 
= 0. 


OAV 


35 


0 


OUTPUT AVAILABLE: Interrupt to the CPU indicating that the 8294A 
has data or status available in its output buffer, OAV = 1 implies OBF 
= 1. ' 


NC 


34 




NO CONNECTION. 
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Table 1. Pin Description (Continued) 



Symboi 


Pin 
No. 


Tvoe 


Name and Function 


P6 
P5 
P4 
P3 


33 
32 
31 
30 


0 


OUTPUT PORT: User output port lines. Output lines available to the 
user via a CPU command which can asset selected port lines. These 
lines have nothing to do with the encryption function. At power-on, 
each line is in a 1 state. 


P2 
P1 
PO 


29 
28 
27 






Vdd 


26 




POWER: + 5V power input. ( + 5V ±1 0%) Low power standby pin. 


Vcc 


25 




POWER: Tied high. 


CCMP 


24 


0 


CONVERSION COMPLETE: Interrupt to the CPU indicating that the 
encryption/decryption of an 8-byte block is complete. 


NC 


23 




NO CONNECTION. 


NC 


22 




NO CONNECTION. 


NC 


21 




NO CONNECTION. 



FUNCTIONAL DESCRIPTION 

OPERATION 

The data conversion sequence is as follows: 

1) A Set Mode command is given, enabling the de- 
sired interrupt outputs. 

2) An Enter New Key command is issued, followed 
by 8 data inputs which are retained by the DEU 
for encryption/decryption. Each byte must have 
odd parity. 

3) An Encrypt Data or Decrypt Data command sets 
the DEU in the desired mode. 

After this, data conversions are made by writing 8 
data bytes and then reading back 8 converted data 
bytes. Any of the above commands may be issued 
between data conversions to change the basic oper- 
ation of the DEU; e.g., a Decrypt Data command 
could be issued to change the DEU from encrypt 
mode to decrypt mode without changing either the 
key or the interrupt outputs enabled. 

INTERNAL DEU REGISTERS 

Four internal registers are addressable by the mas- 
ter processor: 2 for input, and 2 for output. The fol- 
lowing table describes how these registers are ac- 
cessed. 



RD 


WR 


cs 


Ao 


Register 


1 


0 


0 


0 


Data Input Buffer 


0 


1 


0 


0 


Data Output Buffer 


1 


0 


0 


1 


Command Input Buffer 


0 


1 


0 


1 


Status Output Buffer 


X 


X 


1 


X 


Don't Care 



The functions of each of these registers are de- 
scribed below. 

Data Input Buffer-— Data written to this register is 
interpreted in one of three ways, depending on the 
preceding command sequence. 

1) Part of a key. 

2) Data to be encrypted or decrypted. 

3) A DMA block count. 

Data Output Buffer— Data read from this register is 
the output of the encryption/decryption operation. 

Command Input Buffer— Commands to the DEU 
are written into this register. (See command summa- 
ry below.) 

Status Output Buffer— DEU status is available in 
this register at all times. It is used by the processor 
for poll-driven command and data transfer opera- 
tions. 



STATUS BIT: 


7 


6 


5 


4 


3 


2 


1 


0 


FUNCTION: 


X 


X 


X 


KPE 


CF 


DEC 


IBF 


DBF 
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OBF Output Buffer Full; OBF = 1 indicates that 
output from the encryption/decryption func- 
tion is available in the Data Output Buffer. It is 
reset when the data is read. 

IBF Input Buffer Full; A write to the Data Input 
Buffer or to the Command Input Buffer sets 
IBF = 1. The DEL) resets this flag when it has 
accepted the input byte. Nothing should be 
written when IBF = 1. 

DEC Decrypt; indicates whether the DEU is in an 
encrypt or a decrypt mode. DEC = 1 implies 
the decrypt mode. DEC = 0 implies the en- 
crypt mode. 

After 8294 A has accepted a 'Decrypt Data' or 
'Encrypt Data' command, 11 cycles are re- 
quired to update the DEC bit. 

CP Completion Flag; This flag may be used to in- 
dicate any or all of three events in the data 
transfer protocol. 

1) It may be used in lieu of a counter in the 
processor routine to flag the end of an 
8-byte transfer. 

2) It must be used to indicate the validity of 
the KPE flag. 

3) It may be used in lieu of the CCMP interrupt 
to indicate the completion of a DMA opera- 
tion. 

KPE Key Parity Error; After a new key has been 
entered, the DEU uses this flag in conjunction 
with the CF flag to indicate correct or incor- 
rect parity. 



COMMAND SUMMARY 
1 — Enter New Key 



OP CODE: 



0 


1 


0 


0 


0 


0 


0 


0 



MSB LSB 



This command is followed by 8 data byte inputs 
which are retained in the key buffer (RAM) to be 
used in encrypting and decrypting data. These data 
bytes must have odd parity represented by the LSB. 

2 — Encrypt Data 



OP CODE: 



0 


0 


1 


1 


0 


0 


0 


0 



MSB LSB 



This command puts the 8294A into the encrypt 
mode. 

3 — Decrypt Data 



OP CODE: 



0 


0 


1 


0 


0 


0 


0 


0 



MSB LSB 



This command puts the 8294A into the decrypt 
mode. 

4 — Set Mode 



OP CODE: 



0 


0 


0 


0 


A 


B 


C 


D 



MSB LSB 



where: 

A is the OAV (Output Available) interrupt enable 
B is the SRQ (Service Request) interrupt enable 
C is the DMA (Direct Memory Access) transfer en- 
able 

D is the CCMP (Conversion Complete) interrupt 
enable 

This command determines which interrupt outputs 
will be enabled. A "1" in bits A, B, or D will enable 
the OAV, SRQ, or CCMP interrupts respectively. A 
"1 " in bit C will allow DMA transfers. When bit C is 
set the OAV and SRQ interrupts should also be 
enabled (bits A, B = 1). Following the command 
in which bit C, the DMA bit, is set, the 8294 will 
expect one data byte to specify the number of 
8-byte blocks to be converted using DMA. 

5 — Write to Output Port 



1 




Ps 


P4 


P3 


P2 


P1 


Po 



MSB LSB 



This command causes the 7 least significant bits 
of the command byte to be latched as output data 
on the 8294 output port. The initial output is 
1111111. Use of this port is independent of the 
encryption/decryption function. 



PROCESSOR/DEU INTERFACE 
PROTOCOL 

ENTERING A NEW KEY 

The timing sequence for entering a new key is 
shown in Figure 3. A flowchart showing the CPU 
software to accommodate this sequence is given 
in Figure 4. 

After the Enter New Key command is issued, 8 
data bytes representing the new key are written to 
the data input buffer (most significant byte first). 
After the eighth byte is entered into the DEU, CF 
goes true (CF = 1 ). The CF bit goes false again 
when KPE is valid. The CPU can then check the 
KPE flag. If KPE = 1 , a parity error has been de- 
tected and the DEU has not accepted the key. 
Each byte is checked for odd parity, where the 
parity bit is the LSB of each byte. 
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Figure 3. Entering a New Key 

Since CF = 1 only for a short period of time after 
the last byte is accepted, the CPU which polls the 
CF flag might miss detecting CF = 1 momentarily. 
Thus, a counter should be used, as in Figure 4, to 
flag the end of the new key entry. Then CF is used to 
indicate a valid KPE flag. 



COMMAND REGISTER-- 40H 



I YES 



DATA REGISTER 1 BYTE OF KEY 



] 



1 = 8^ ) 
I "I YES 

I YES 



210465-4 



Figure 4. Flowbhart for Entering a New Key 



ENCRYPTING OR DECRYPTING DATA 

Figure 5 shows the timing sequence for encrypting 
or decrypting data. The CPU writes 8 data bytes to 
the DEU's data input buffer for encryption/decryp- 
tion. CF then goes true (CF = 1) to indicate that the 
DEU has accepted the 8-byte block. Thus, the CPU 
may test for IBF = 0 and CF = 1 to terminate the 
input mode, or it may use a software counter. When 
the encryption/decryption is complete, the CCMP 
and OAV interrupts are asserted and the OBF flag is 
set true (OBF = 1). OAV and OBF are set false 
again after each of the converted data bytes is read 
back by the CPU. The CCMP interrupt is set false, 
and remains false, after the first read. After 8 bytes 
have been read back by the CPU, CF goes false (CF 
= 0). Thus, the CPU may test for CF = 0 to termi- 
nate the read mode. Also, the CCMP interrupt may 
be used to initiate a service routine which performs 
the next series of 8 data reads and 8 data writes. 

Figure 6 offers two flowcharts outlining the alterna- 
tive means of implementing the data conversion pro- 
tocol. Either the CF flag or a software counter may 
be used to end the read and write modes. 

SRQ = 1 implies IBF = 0, OAV = 1 implies OBF = 
1. This allows interrupt routines to do data transfers 
without checking status first. However, the OAV 
service routine must detect and flag the end of a 
data conversion. 
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Figure 5. Encrypting/Decrypting Data 
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USING SOFTWARE COUNTER 



I YES 



DATA REOISTER-^-1 DATA BYTE 



I YES 

I READ 1 CODED DATA BYTE \ 




USING CF FLAG 



0/ ^ 

-( IBF = 0'' ) 
j YES 
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DATA REGISTER — 1 DATA BYTE 



*\ YES 



i NO 
^ 0BF = 10 ) 



READ 1 CODED DATA BYTE 
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Figure 6. Data Conversion Flowcharts 



USING DMA 

The timing sequence for data conversions using 
DMA is shown in Figure 7. This sequence can be 
better understood when considered in conjunction 
with the hardware DMA interface in Figure 8. Note 



" L 



J 



i,~Lnj~Lr"i 




n_r"i_n__. 
r~irLr""i_r~ 



SET 
DMA 
MODE 



DMA BLOCK 8 DMA READS 
MODE COUNT (n) 



B DMA WRITES 
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Figure 7. DMA Sequence 
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Figure 8. DMA Interface 
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that the use of the DMA feature requires 3 external 
AND gates and 2 DMA channels (one for Input, one 
for output). Since the DEU has only one DMA re- 
quest pin, the SRQ and OAV outputs are used in 
conjunction with two of the AND gates to create sep- 
arate DMA request outputs for the 2 DMA channels. 
The th ird AND gate combines the two active-low 
DACK inputs. 

To initiate a DMA transfer, the CPU must first initial- 
ize the two DMA channels as shown in the flowchart 
in Figure 9. It must then issue a Set Mode command 
to the DEU enabling the OAV, SRQ, and DMA out- 
puts. The CCMP interrupt may be enabled or dis- 
abled, depending on whether that output is desired. 
Following the Set Mode command, there must be a 
data byte giving the number of 8-byte blocks of data 
(n < 256) to be converted. The DEU then generates 
the required number of DMA requests to the 2 DMA 
channels with no further CPU intervention. When the 
requested number of blocks has been converted, 
the DEU will set CF and assert the CCMP interrupt (if 
enabled). CCMP then goes false again with the next 
write to the DEU (command or data). Upon comple- 
tion of the conversion, the DMA mode is disabled 
and the DEU returns to the encrypt/decrypt mode. 
The enabled interrupt outputs, however, will remain 
enabled until another Set Mode command is issued. 



INITIALIZE DMA READ CHANNEL POINTER 



INITIALIZE DMA WRITE CHANNEL. POINTER 



ENABLE DMA CHANNELS 



I YES 



COMMAND REGISTER OEH OR OFH 



IBP = 0^ ^ 



DATA REGISTER NUMBER OF BLOCKS TO BE CODED 



SINGLE BYTE COMMANDS 

Figure 10 shows the timing and protocol for single 
byte commands. Note that any of the commands is 
effective as a pacify command in that they may be 
entered at any time, expect during a DMA conver- 
sion. The DEU is thus set to a known state. Howev- 
er, if a command is issued out of sequence, an addi- 
tional protocol is required (Figure 11). The CPU must 
wait until the command is accepted (IBF 0). A 
data read must then be issued to clear anything the 
preceding command sequence may have left in the 
Data Output Buffer. 



JL 



U 
U 



IBF = 0^ ^ 





YES 


COMMAND REGISTER ♦—COMMAND 



0 



Figure 10. Single Byte Commands 



CPU/DEU INTERFACES 

Figures 12 through 15 illustrate four interface config- 
urations used in the CPU/DEU data transfers. In all 
cases SRQ wjll be true (if enabled) and IBF will be 
false when the DEU is ready to accept data or com- 
mands. 



Figure 9. DMA Flowchart 
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COMMAND REGISTER -^OOH 



READ DATA REGISTER 



0 
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Figure 11. Pacify Protocoi 
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Figure 12. Poiiing Interface 
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Figure 13. Single Interrupt Interface 
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Figure 14. Dual Interrupt Interface 




210465-16 
DMARO is for memory to DEU Data Transfer 
DMAR1 is for DEU to memory Data Transfer 
Use of CCMP is optional 



Figure 15. DfAA Interface 



OSCILLATING AND TIMING CIRCUITS 

The 8294A's internal timing generation is controlled 
by a self-contained oscillator and timing circuit. A 
choice of crystal, L-C or external clock can be used 
to derive the basic oscillator frequency. 

The resident timing circuit consists of an oscillator, a 
state counter and a cycle counter as illustrated in 
Figure 16. 
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1-12 MHz 
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-OUTPUT 

(1 25-15 Msec) 



INTERNAL TIMING 
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Figure 16. Oscillator Configuration 
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27rVLC^ 

C 4- 3 Cpp 
_ 

Cpp = 5-10 pF 
Pin-to-Pin 
Capacitance 

210465-19 
Nominal 



CI = 5 pF 

C2 = Crystal + Stray < 15 pF 

C3 = 20-30 pF 
Crystal series resistance should be less than 75n at 6 MHz; less 
than 180n at 3.6 MHz; less than 30n at 12 MHz. 



QfiH 20 pF 11.5 MHz 

45 fxH 20 pF 5.2 MHz 

120 |xM 20 pF 3.2 MHz 

Each C should be approximately 20 pF 
including stray capacitance. 



Figure 17. Recommended Crystal 



DRIVING FROM EXTERNAL SOURCE— TWO OPTIONS 
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For the 8294A XTAL2 must be high 35-65% of the period. 
Rise and fall times rnust not exceed 10 ns. 

Resistor to Vcc is needed to ensure V|h = 3.0V if TIL circuitry is used. 



Figure 18. Recommended Connection for External Clock Signal 
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ABSOLUTE MAXIMUM RATINGS'' 

Ambient Temperature Under Bias O'^Cto +70°C 

Storage Temperature - 65°C to + 1 50**C 

Voltage on Any Pin With 

Respect to Ground - 0.5V to + 7V 

Power Dissipation 1.5 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. AND OPERATING CHARACTERISTICS 

Ta = O^C to +70''C, Vcc = +5V ±10%, Vss = ov 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


MIn 


Typ 


l\/lax 


V|L 


Input Low Voltage (All 
Except Xi,X2, RESET) 


-0.5 




0.8 


V 




V|L1 


Input Low Voltage (Xi, X2, 
RESET 


-0.5 




0.6 


V 




V|H 


Input High Voltage (All 
Except Xi, RESET) 


2.0 




Vcc 


V 




V|H1 


Input High Voltage (Xi, 
RESET 


3.5 




Vcc 


V 




V|H2 


Input High Voltage (X2) 


2.2 




Vcc 


V 




Vol 


Output Low Voltage (D0-D7) 






0.45 


V 


Iql = 2.0 mA 


VOLI 


Output Low Voltage (All 
Other Outputs) 






0.45 


V 


lOL = 1 .6 mA 


VOH 


Output High Voltage (D0-D7) 


2.4 






V 


lOH = -400 julA 


VOHI 


Output High Voltage (All 
Other Outputs) 


2.4 






V 


Iqh = -50 ju,A 


l|L 


Input Leakage Current 
(RD, WR, CS, Ao) 






±10 


jixA 


Vss ^ V,N ^ Vcc 


'OFL 


Output Leakage Current 
(D0-D7. High Z State) 






±10 


juA 


Vss + 0.45 <. VouT < Vcc 


•dd 


Vdd Supply Current 




5 


20 


mA 




>DD + Ice 


Total Supply Current 




60 


135 


mA 




•u 


Low Input Load Current 
(Pins 24, 27-38) 






0.3 


mA 


V|L = 0.8V 


Ilii 


Low Input Load Current 
(RESET) 






0.2 


mA 


V|L = 0.8V 


i|H 


Input High Leakage Current 
(Pins 24, 27-38) 






100 


jmA 


V|N = Vcc 


C|N 


Input Capacitance 






10 


PF 




C|/0 


I/O Capacitance 






20 


pF 
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A.C. CHARACTERISTICS Ta = O'^cto +70°C, Vcc = Vdd = +5V ±10%, Vss = OV 
DBB READ 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


Ur 


iC5, Ao Setup to RD i 


0 




ns 




tRA 


CS, Ao Hold After RDt 


0 




ns 




tRR 


RD Pulse Width 


160 




ns 




tAD 


CS, Ao to Data Out Delay 




130 


ns 


CL=100pF 


tRD 


RD i to Data Out Delay 




130 


ns 


Cu = 100 pF 


tDF 


RD t to Data Float Delay 




85 


ns 




tCY 


Cycle Time 


1.25 


15 


jLlS 


1-12 MHz Crystal 



DBB WRITE 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tAW 


CS, Ao Setup toWRi 


0 




ns 




tWA 


CS, Ao Hold After WRt 


0 




ns 




tww 


WR Pulse Width 


160 




ns 




tow 


Data Setup toWR t 


130 




ns 




tWD 


Data Hold to WR T 


0 




ns 





DMA AND INTERRUPT TIMING 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


tACC 


DACK Setup to Control 


0 




ns 




tCAC 


DACK Hold After Control 


0 




ns 




tACD 


DACK to Data Valid 




130 


ns 


Cl = 100 pF 


tCRQ 


Control LE. to DRQ I.E. 




110 


ns 




tci 


Control I.E. to Interrupt I.E. 




400 


ns 





CLOCK 



Symbol 


Parameter 


Min 


Max 


Units 




Cycle Time 


1.26 


9.20 


/xsd) 


tCYC 


Clock Period 


83.3 


613 


ns 


tpwH 


Clock High Time 


38 




ns 


tpWL 


Clock Low Time 


38 




ns 


tR 


Clock Rise Time 




10 


ns 


tF 


Clock Fall Time 




10 


ns 



NOTE: 

1.tcY = 15/f(XTAL) 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



^ TEST POINTS <^ Y Ci » 150 pF 
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WAVEFORMS 

READ OPERATION--OUTPUT BUFFER REGISTER 
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\ / 



DATA BUS 
(OUTPUT) " 



> 



(SYSTEM'S 
ADDRESS BUS) 



(READ CONTROL) 



WRITE OPERATION— INPUT BUFFER REGISTER 



X 



DATA BUS 
(INPUT) 



DATA 
MAY CHANGE 



\'» tow ► ■" — ►'twj 

^ DATA VALID ► ^ 



DATA 
MAY CHANGE 



(SYSTEM'S 
ADDRESS BUS) 







(WRITE CONTROL) 


■a two 
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DMA AND INTERRUPT TIMING 
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INTRODUCTION 



This application note explains the Intel 8291 A GPIB 
(General Purpose Interface Bus) Talker/Listener as a 
component, and shows its use in GPIB interface design 
tasks. 



The first section of this note presents an overview of 
IEEE 488 (GPIB). The second section introduces the 
Intel GPIB component family. A detailed explanation 
of the 8291 A follows. Finally, some application exam- 
ples using the component family are presented. 



DEVICE A 
ABLE TO 
TALK, LISTEN, 
AND 
CONTROL 

(e.g. calculator) 



DEVICE B 
ABLE TO 
TALK AND 
LISTEN 

(e.g. digital 
multimeter) 



DEVICE C 
ONLY ABLE 
TO LISTEN 

(e.g. signal 
generator) 



DEVICE D 
ONLY ABLE 
TO TALK 

(e.g. counter) 



c 



c 



c 



C 



DATA BUS 



DATA BYTE 
TRANSFER 
CONTROL 



GENERAL 
INTERFACE 
MANAGEMENT 



- DI0 1 . . . 8 Data Input/Output 



- DAV Data Available 
-NRFD Not Ready for Data 

- NDAC Not Data Accepted 



IFC Interface Clear 
ATN Attention 
SRQ Service Request 
REN Remote Enable 
EOl End or Identify 
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Figure 1. Interface Capabilities and Bus Structure 
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OVERVIEW OF IEEE 488/GPIB 

The GPIB is a parallel interface bus with an asynchro- 
nous interlocking data exchange handshake mecha- 
nism. It is designed to provide a common communica- 
tion interface among devices over a maximum distance 
of 20 meters at a maximum speed of 1 Mbps. Up to 15 
devices may be connected together. The asynchronous 
interlocking handshake dispenses with a common syn- 
chronization clock, and allows intercommunication 
among devices capable of running at different speeds. 
During any transaction, the data transfer occurs at the 
speed of the slowest device involved. 

The GPIB finds use in a diversity of applications re- 
quiring communication among digital devices over 
short distances. Common examples are: programmable 
instrumentation systems, computer to peripherals, etc. 

The interface is completely defined in the IEEE 
STD.-488-1978. 

A typical implementation consists of logical devices 
which talk (talker), listen (listeners), and control GPIB 
activity (controllers). 



Interface Functions 

The interface between any device and the bus may have 
a combination of several different capabilities (called 
^functions'). Among a total of ten functions defined, the 
Talker, Listener, Source Handshake, Acceptor Hand- 
shake and Controller are the more common examples. 
The Talker function allows a device to transmit data. 
The Listener function allows reception. The Source and 
Acceptor Handshakes, synchronized with the Talker 
and Listener functions respectively, exchange the hand- 
shake signals that coordinate data transfer. The Con- 
troller function allows a device to activate the interface 
functions of the various devices through commands. 
Other interface functions are: Service request. Remote 
local. Parallel poll, Device clear and Device trigger. 
Each interface may not contain all these functions. Fur- 
ther, most of these functions may be implemented to 
various levels (called ^subsets') of capability. Thus, the 
overall capability of an interface may be tailored to the 
needs of the communicating device. 



Electrical Signal Lines 

As shown in Figure 1, the GPIB is composed of eight 
data lines (D08-D01), five interface management lines 
(IFC, ATN, SRQ, REN, EOI), and three transfer con- 
trol lines (DAV, NRFD, NDAC). 

The eight data lines are used to transfer data and com- 
mands from one device to another with the help of the 
management and control lines. Each of the five inter- 
face management lines has a specific function. 

ATN (attention) is used by the Controller to indicate 
that it (the controller) has access to the GPIB and that 
its output on the data lines is to be interpreted as a 
command. ATN is also used by the controller along 
with EOI to indicate a parallel poll. 

SRQ (service request) is used by a device to request 
service from the controller. 

REN (remote enable) is used by the controller to speci- 
fy the command source of a device. A device can be 
issued commands either locally through its front panel 
or by the controller. 

EOI (end or identify) may be used by the controller as 
well as talker. A controller uses EOI along with ATN 
to demand a parallel poll. Used by a talker, EOI indi- 
cates the last byte of a data block. 

IFC (interface clear) forces a complete GPIB interface 
to the idle state. This could be considered the GPIB's 
"interface reset." GPIB architecture allows for more 
than one controller to be connected to the bus simulta- 
neously. Only one of these controllers may be in com- 
mand at any given time. This device is known as the 
controUer-in-charge. Control can be passed from one 
controller to another. Only one among all the control- 
lers present on a bus can be the system controller. The 
system controller is the only device allowed to drive 
IFC. 
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^ START ^ 
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SET NRFD LOW 
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SET NDAC LOW 
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NOTE: 

Flow diagram outlines sequence of events during transfer of data byte. More than one listener at a time can accept data 
because of logical connection of NRFD and NDAC lines. 

Figure 2. Handshake Flowchart 
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Transfer Control Lines 

The transfer control lines conduct the asynchronous in- 
terlocking three-wire handshake. 

DAV (data valid) is driven by a talker and indicates 
that vahd data is on the bus. 

NRFD (note ready for data) is driven by the listeners 
and indicates that not all listeners are ready for more 
data. 

NDAC (not data accepted) is used by the hsteners to 
indicate that not all listeners have read the GPIB data 
lines yet. 

The asynchronous 3-wire handshake flowchart is 
shown in Figure 2. This is a concept fundamental to the 
asynchronous nature of the GPIB and is reviewed in 
the following paragraphs. 

Assume that a talker is ready to start a data transfer. 
At the beginning of the handshake, NRFD is false indi- 
cating that the listener(s) is ready for data. NDAC is 
true indicating that the Ustener(s) has not accepted the 
data, since no data has been sent yet. The talker places 
data on the data lines, waits for the required settUng 
time, and then indicates valid data by driving DAV 
true. All active listeners drive NRFD true indicating 
that they are not ready for more data. They then read 
the data and drive NDAC false to indicate acceptance. 
The talker responds by deasserting DAV and readies 
itself to transfer the next byte. The listeners respond to 
DAV false by driving NDAC true. The talker can now 
drive the data lines with a new data byte and wait for 
NRFD to be false to start the next handshake cycle. 



Bus Commands 

When ATN and DAV are true data patterns which 
have been placed by the controller on the GPIB, they 
are interpreted as commands by the other devices on 
the interface. The GPIB standard contains a repertory 
of commands such as MTA (My Talk Address), MSA 
(My Secondary Address), SPE (Serial Poll Enable), etc. 
All other patterns in conjunction With ATN and DAV 
are classified as undefined commands and their mean- 
ing is user-dependent. 



Addressing Techniques 

To allow the controller to issue commands selectively 
to specific devices, three types of addressing exist on the 
GPIB: talk only/listen only (ton/Ion), primary, and 
secondary. 



Ton/Ion is a method where the abiUty of the GPIB 
interface to talk or listen is determined by the device 
and not by the GPIB controller. With this method, 
fixed poles can be easily designated in simple systems 
where reassignment is not necessary. This is appropri- 
ate and convenient for certain applications. For exam- 
ple, a logic analyzer might by interfaced via the GPIB 
to a line printer in order to document some type of 
failure. In this case, the line printer simply Hstens to the 
logic analyzer, which is a talker. 

The controller addresses devices through three com- 
mands, MTA (my talk address), MLA (my listen ad- 
dress), and MSA (my secondary address). The device 
address is imbedded in the command bit pattern. The 
device whose address matches the imbedded pattern is 
enabled. Some devices may have the same logical talk 
and listen addresses. This is allowable since the talker 
and listener are separate functions. However, two of the 
same functions cannot have the same address. 

In primary addressing, a device is enabled to talk (lis- 
ten) by receiving the MTA (MLA) message. 

Secondary addressing extends the address field from 5 
to 10 bits by allowing an additional byte. This addition- 
al byte is passed via the MSA message. Secondary ad- 
dressing can also be used to logically divide devices into 
various subgroups. The MSA message applies only to 
the device(s) whose primary address immediately pre- 
cede it. 



INTEL'S® GPIB COIMPONENTS 

The logic designer implementing a GPIB interface has, 
in the past, been faced \vith a difficult and complex 
discrete logic design. Advances in LSI technology have 
produced sophisticated microprocessor and peripheral 
devices which combine to reduce this once complex in- 
terface task to a system consisting of a small set of 
integrated circuits and some software drivers. A micro- 
processor hardware/software solution and a high-level 
language source code provide an additional benefit in 
end-product maintenance. Product changes are a sim- 
ple matter of revising the product software. Field 
changes are as easy as exchanging EPROMS. 

Intel has provided an LSI solution to GPIB interfacing 
with a talker/listener device (8291 A), a controller de- 
vice (8292), and a transceiver (8293). An interface with 
all capabilities except for the controller function can be 
built with an 8291 A and a pair of 8293*s. The addition 
of the 8292 produces a complex interface. Since most 
devices in a GPIB system will not have the controller 
function capabihty, this modular approach provides the 
least cost to the majority of interface designs. 
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Overview of the 8291 A 
GPIB Talker/Listener 

The Intel 8291 A GPIB Talker/Listener operates over a 
clock range of 1 to 8 MHz and is compatible with the 
MCS-85, iAPX-86, and 8051 families of microproces- 
sors. 

A detailed description of the 8291 A is given in the data 
sheet. 

The 8291 A implements the following functions: Source 
Handshake (SH), Acceptor Handshake (AH), Talker 
Extended (TE), Service Request (SRQ), Listener Ex- 
tended (LE), Remote/Local (RL), Parallel Poll (PP2), 
Device Clear (DC), and Device Trigger (DT). 



Current states of the 8291 A can be determined by ex- 
amining the device's status read registers. In addition, 
the 8291 A contains 8 write registers. These registers are 
shown in Figure 3. The three register select pins RS3- 
RSO are used to select the desired register. 

The data-in register moves data from the GPIB to the 
microprocessor or to memory when the 8291 A is ad- 
dressed to listen. When the 8291 A is addressed to talk, 
it uses the data-out register to move data onto the 
GPIB. The serial poll mode and status registers are 
used to request service and program the serial poll 
status byte. 

A detailed description of each of the registers, along 
with state diagrams can be found in the 8291 A data 
sheet. 







Read Registers 






Register Select 
Code 








Write Registers 


















RS2 


RSI 


RSO 
















1 DI7 


DI6 


DI5 1 DI4 1 DI3 


DI2 


DM 


DIO 


0 


0 


0 


D07 


D06 


D05 


D04 1 DOS 


D02 


D01 


DOO 1 






DATA IN 




















DATA OUT 








1 CPT 


APT 


GET 1 END 1 DEC 


ERR 


BO 


Bl 


0 


0 


1 


CPT 


APT 


GET 


END 1 DEC 


ERR 


BO 


B, 1 






INTERRUPT STATUS 1 
















INTERRUPT ENABLE 1 






1 INT 


SPAS 


LLO 1 REM 1 SPC 


LLOC 


REMC 


ADSC 


0 


1 


0 


0 


0 


DMAO 


DMAI 1 SPC 


LLOC 


REMC 


ADSC| 






INTERRUPT STATUS 2 
















INTERRUPT ENABLE 2 






S8 


SRQS 


S6 1 S5 1 S4 


S3 


S2 


S1 


0 


1 


1 


S8 


RSV 


S6 


S5 1 S4 


S3 


S2 


S1 1 






SERIAL POLL STATUS 2 
















SERIAL POLL MODE 






1 ton 


Lon 


EOl 1 LPAS 1 TPAS 


LA 


TA 


MJMN 


1 


0 


0 


TO 


LO 




0 0 


0 


ADM1 


ADMo| 






ADDRESS STATUS 
















ADDRESS MODE 






|CPT7 


CPT6 


CPTsI CPT4| CPt3 


CPT2 


CPT1 


OPTO 


1 


0 


1 


CNT2 


CNT1 


ONTO 


COM4 1 COM3 


COM2 


C0M1 


COMo| 






COMMAND PASS THROUGH 
















AUX MODE 








1 INT 


DTO 


DLO |,AD5-o |aD4-0 


AD3-0 


AD2.0 


AD1-0 


1 


1 


0 


ARS 


DT 




ADS 1 AD4 


ADS 


AD2 


AD1 1 






ADDRESS 0 




















ADDRESS 0/1 








1 X 


DT1 


DL1 |aD5-i|aD4-1 


AD3-1 


AD2-1 


AD1-1 


1 


1 


1 


EC? 


EC6 


ECS 


EC4 1 EC3 


EC2, 


EC1 


ECO 1 






ADDRESS 1 




















EOS 









Figure 3. 8291 A Registers 
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Address Mode 

The address mode and status registers are used to pro- 
gram the addressing modes and track addressing states. 
The auxiliary mode register is used to select a variety of 
functions. The command pass through register is used 
for undefined commands and extended addresses. The 
address 0/1 register is u$ed to program the addresses to 
which the 8291 A will respond. The address 0 and 

1 . MODE: Talker has single address of 01 H 
Listener has single address of 02H 



address 1 registers allow reading of these programmed 
addresses plus trading of the interrupt bit. The EOS 
register is used to program the end of sequence charac- 
ter. 

Detailed descriptions of the addressing modes available 
with the 8291 A are described in the 8291 A data sheet. 
Examples of how to program these modes are shown 
below. 



CPU Writes to: 


Pattern 


Comment 


Address Mode Register 
Address 0/1 Register 
Address 0/1 Register 


0000 0001 
0010 0001 
1100 0010 


Select Mode 1 Addressing 
Major is Talking. Address = 01 H 
Minor is Listener. Address = 02H 


2. MODE: Talker has single address of 01 H 
Listener has single address of 02H 


CPU Writes to: 


Pattern 


Comment 


Address Mode Register 
Address 0/1 Register 
Address 0/1 Register 


0000 0001 
0100 0010 
1010 0001 


Select Mode 1 Addressing 
Major is Listener. Address = 02H 
Minor is Talking. Address = 01 H 



Note that in both of the above examples, the listener will respond to a MLA message with five least significant bits 
equal to 02H and the talker to a OIH, 

3. MODE: Talker and listener both share a single address of 03H 



CPU Writes to: 


Pattern 


Comment 


Address Mode Register 
Address 0/1 Register 
Address 0/1 Register 


0000 0001 
0000 0011 
1110 0000 


Select Mode 1 Addressing 
Talker and Listener Address = 03 
Minor Address is disabled 



4. MODE: Talker and listener have a primary address of 04H and a secondary address of 05H 



CPU Writes to: 


Pattern 


Comment 


Address Mode Register 
Address 0/1 Register 
Address 0/1 Register 


0000 0010 
0000 0100 
1000 0101 


Select Mode 2 Addressing 
Primary Address = 04H 
Minor Address is disabled 


5. MODE: Talker has a primary address of 06H. Listener has a primary address of 07H 


CPU Writes to: 


Pattern 


Comment 


Address Mode Register 
Address 0/1 Register 
Address 0/1 Register 


0000 0011 
0010 0110 
1100 0111 


Select Mode 3 
Talker Address = 06 
Listener Primary = 07 



The CPU will verify the secondary addresses which could be the same or different. 
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APPLICATION OF THE 8291 A 

This phase of the application note will examine pro- 
gramming of the 8291 A, corresponding bus commands 
and responses, CPU interruption, etc. for a variety of 
GPIB activities. This should provide the reader with a 
clear understanding of the role of the 8291 A performs 
in a GPIB system. The talker function, listener func- 
tion, remote message handling, and remote/local oper- 
ations including local lockout, are discussed. 



Talker Functions 

TALK-ONLY (ton). In talk only mode the 8291A will 
not respond to the MTA message from a controller. 
Generally, ton is used in an environment which does 
not have a controller. Ton is also employed in an inter- 
face that includes the controller function. 

When the 8291 A is used with the 8292, the sequence of 
events for initialization are as follows: 

1) The Interrupt/Enable registers are programmed. 

2) Ton is selected. 

3) Settling time is selected. 

4) EOS character is loaded. 

5) "Pon" local message is sent. 

6) CPU waits for Byte Out (BO) and sends a byte to 
the data out register. 

Addressed Talker (via lUITA IMessage) 

The GPIB controller will direct the 8291A to talk by 
sending a My Talk Address (MTA) message containing 
the 8291A's talk address. The sequence of events is as 
follows: 

1) The interrupt enable and serial poll mode registers 
are programmed. 

2) Mode 1 is selected. 

3) Settling time is selected. 

4) Talker and listener addresses are programmed. 

5) Power on (pon) local message is sent. 

6) CPU waits for an interrupt. When the controller 
has sent the MTA message for the 8291 A an inter- 
rupt will be generated if enabled and the ADSC bit 
will be set. 

7) CPU reads the Address Status register to determine 
if the 8291 A has been addressed to talk (TA = 1). 

8) CPU waits for an interrupt from either BO or 
ADSC 

9) When BO is set, the CPU writes the data byte to 
the data out register. 

10) CPU continues to poll the status registers. 

11) When unaddressed ADSC, will be set and TA reset. 



LISTENER FUNCTIONS 

LISTEN-ONLY (Ion). In listen-only mode the 8291 
will not respond to the My Listen Address (MLA) mes- 
sage from the controller. The sequence of events is as 
follows: 

1) The Interrupt Enable registers are programmed. 

2) Lon is selected. 

3) EOS character is programmed. 

4) "Pon" local message is sent. 

5) CPU waits for BI and reads the byte from the data- 
in register. 

Note that enabling both ton and lon can create an inter- 
nal loopback as long as another listener exists. 



Addressed Listening 
(via the lULA Message) 

The GPIB controller will direct the. 8291A to Hsten by 
sending a MLA message containing the 8291A's listen 
address. The sequence of events is as follows: 

1) The Interrupt Enable registers are programmed. 

2) The serial poll mode register is loaded as desired. 

3) Talker and listener addresses are loaded. 

4) "Pon" local message is sent. 

5) The CPU waits for an interrupt. When the control- 
ler has sent the MLA message for the 8291 A, the 
ADSC bit will be set. 

6) The CPU reads the Address Status Register to de- 
termine if the 8291 A has been addressed to listen 
(LA = 1). 

7) CPU waits for an interrupt for BI or ADSC. 

8) When BI is set, the CPU reads the data byte from 
the data-in register.. 

9) The CPU continues to poll the status registers. 

10) When unaddressed, ADSC will be set and LA reset. 

Remote/Local and Lockout 

Remote and local refer to the source of control of a 
device connected to the GPIB. Remote refers to control 
from the GPIB controUer-in-charge. Local refers to 
control from the device's own system. Reference should 
be made to the RL state diagram in the 2891 A data 
sheet. 

Upon "pon" the 8291 A is in the local state. In this state 
the REM bit in Interrupt Status 1 Register is reset. 
When the GPIB controller takes control of the bus it 
will drive the REN (remote enable) line true. This will 
cause the REM bit and REMC (remote/local change) 
bit to be set. The distinction between remote and local 
modes is necessary in that some types of devices will 
have local controls which have functions which are also 
controlled by remote messages. 
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In the local state the device is allowed to store, but not 
respond to, remote messages which control functions 
which are also controlled by local messages. A device 
which has been addressed to listen will exit the local 
state and go to the remote state if the REN message is 
true and the local rtl (return to local) message is false. 
The state of the "rtl*' local message is ignored and the 
device is "locked" into the local state if the LLO re- 
mote message is true. In the Remote state the device is 
not allowed to respond to local messages which control 
function that are also controlled by remote messages. A 
device will exit the remote state and enter the local 
state when REN goes false. It will also enter the local 
state if the GTL (go to local) remote message is true 
and the device has been addressed to listen. It will also 
enter the local state if the rtl message is true and the 
LLO message is false or ACDS is inactive. 

A device will exit the remote state and enter RWLS 
(remote with lockout state) if the LLO (local lockout) 
message is true and ACDS is active. In this mode, those 
local messages which control functions which are also 
controlled by remote messages are ignored. In other 
words, the "rtl" message is ignored. A device will exit 
RWLS and go to the local state if REN goes false. The 
device will exit RWLS and go to LWLS if the GTL 
message is true and the device is addressed to listen. 



Polling 

The IEEE-488 standard specifies two methods for a 
slave device to let the controller know that it needs 



These two methods are called Serial and Parallel Poll. 
The controller performs one of these two polling meth- 
ods after a slave device requests service. As implied in 
the name, a Serial Poll is when the controller sequen- 
tially asks each device if it requested service. In a Paral- 
lel Poll the controller asks all of the devices on the 
GPIB if they requested service, and they reply in paral- 
lel. 



Serial Poll 

When the controller performs a Serial Poll, each slave 
device sends back to the controller a Serial Poll Status 
Byte. One of the bits in the Serial Poll Status Byte indi- 
cates whether this device requested service or not. The 
remaining 7 bits are used defined, and they are used to 
indicate what type of service is required. The IEEE-488 
spec only defines the service request bit, however HP 
has defined a few more bits in the Serial Poll Status 
Byte. This can be seen in Figure 4. 

When a slave device needs service it drives the SRQ line 
on the GPIB bus true (low). For the 8291 A this is done 
by setting bit 7 in the Serial Poll Status Byte. The CPU 
in the controller may be interrupted by SRQ or it may 
poll a register to determine the state of SRQ. Using the 
8292 one could either poll the interrupt status register 
for the SRQ interrupt status bit, or enables SRQ to 
interrupt the CPU. After the controller recognizes a 
service request, it goes into the serial poll routine. 

The first thing the controller does in the serial poll rou- 
tine is assert ATN. When ATN is asserted true the 
controller takes control of the GPIB, and all slave de- 



H 



1: SERVICE REQUESTED 

0: SERVICE NOT REQUESTED 



' DEVICE DEPENDENT STATUS BITS 

TYPICAL HP USE: 



h: 



SERVICE REQUESTED 
0: SERVICE NOT REQUESTED 



L 



DEVICE DEFINED 

1: OPERATION COMPLETE 

0: BUSY 

1: ERROR 

0: NORMAL 
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Figure 4. The Serial Poii Status Byte 



3-73 



AP-166 



vices on the bus must listen. All bytes sent over the bus 
while ATN is true are commands. After the controller 
takes control, it sends out a Universal Unlisten (UNL), 
which tells all previously addressed Hsteners to stop lis- 
tening. The controller then sends out a byte called SPE 
(Serial Poll Enable). This command notifies all of the 
slaves on the bus that the controller has put the GPIB 
in the Serial Poll Mode State (SPMS). Now the control- 
ler addresses the first slave device to TALK and puts 
itself in the listen mode. When the controller resets 
ATN the device addressed to talk transmits to the con- 
troller its Serial Poll Status Byte. If the device just 
polled was the one requesting service, the SRQ line on 
the GPIB goes false, and bit 7 in the serial poll status 
byte of the 8291 A is reset. If more than one device is 
requesting service, SRQ remains low until all of the 
devices requesting service have been polled, since SRQ 
is wire-ored. To continue the Serial Poll, the controller 
asserts ATN, addresses the next device to talk then 
reads the Serial Poll Status Byte. When the controller is 
finished polling it asserts ATN, sends the univeral un- 
talk command (UNT), then sends the Serial Poll Dis- 
able command (SPD). The flow of the serial poll can be 
seen from the example in Figure 5. 



0) 


DEVICE A REQUESTS SERVICE (SRQ) 


1) 


ASSERT ATN 




2) 


UNIVERSAL UNLISTEN (UNL) 




3) 


SERIAL POLL ENABLE (SPE) 




4) 


DEVICE A TALK ADDRESS (MTA) 




5) 


RELEASE ATN 




6) 


DEVICE A STATUS BYTE (STD) (RQS SET) 


7) 


ASSERT ATN 




8) 


DEVICE B TALK ADDRESS (MTA) 




9) 


RELEASE ATN 




10) 


DEVICE B STATUS BYTE (STB) 


(RQS 




CLEAR) 




11) 


ASSERT ATN 




12) 


DEVICE C TALK ADDRESS (MTA) 




13) 


RELEASE ATN 




14) 


DEVICE C STATUS BYTE (STB) 


(RQS 




CLEAR) 




15) 


ASSERT ATN 




16) 


UNIVERSAL UNTALK (UNT) 




17) 


SERIAL POLL DISABLE (SPD) 




18) 


GO PROCESS SERVICE REQUEST 





Figure 5. Serial Polling 



The following section describes the events which hap- 
pen in a serial poll when 8291 A and 8292 are the con- 
troller, and another 8291 A is the slave device. While 
going through this section the reader should refer to the 
register diagrams for the 8291 A and 8292. 

A. DEVICE A REQUESTS SERVICE 
(SRQ BECOMES TRUE) 

The slave devices rsv bit in the 2819A's serial poll mode 
register is set. 



B. CONTROLLER RECOGNIZES SRQ AND 
ASSERTS ATN 

The 8292's SPI pin 33 interrupts the CPU. The CPU 
reads the 8292*s Interrupt status register and finds the 
SRQ bit set. The CPU tells the 8292 to Take Control 
Synchronously' by writing a OFDH to the 8292's com- 
mand register. 

C. THE CONTROLLER SENDS OUT THE 
FOLLOWING COMMANDS: UNIVERSAL 
UNLISTEN (UNL), SERIAL POLL ENABLE (SPE), 
MY TALK ADDRESS (MTA) 

(MTA is a command which tells one of the devices on 
the bus to talk.) 

The CPU in the controller waits for a BO (byte out) 
interrupts in the 8291A's interrupt status 1 register be- 
fore it writes to the Data Out register a 3FH (UNL), 
18H (SPE), OlOXXXXX (MTA). The X represents the 
programmable address of a device on the GPIB. When 
the 8291 A in the slave device receives its talk address, 
the ADSC bit in the Interrupt Status register 2 is set, 
and in the Address Status Register TA and TPAS bits 
are set. 



D. CONTROLLER RECONFIGURES ITSELF TO 
LISTEN AND RESETS ATN 

The CPU in the controller puts the 8291 A in the listen 
only mode by writing a 40H to the Address Mode regis- 
ter of the 8291A, and then a OOH to the Aux Mode 
register. The second write is an Immediate Execute 
pon' which must be used when switching addressing 
modes such as talk only to listen only. To reset ATN 
the CPU tells the 8292 to *Go To Standby' by writing a 
0F6H to the command register. The moment ATN is 
reset, the 8219A in the slave device sets SPAS in Inter- 
rupt Status 2 register, and transmits the serial poll 
status byte. SRQS in the Serial Poll Status byte of the 
8291 A slave device is reset, and the SRQ hne on the 
GPIB bus becomes false. 



E. THE CONTROLLER READS THE SERIAL 
POLL STATUS BYTE, SETS ATN, THEN 
RECONFIGURES ITSELF TO TALK 

The CPU in the controller waits for the Byte In bit (BI) 
in the 8291A's Interrupt Status 1 register. When this bit 
is set the CPU reads the Data In register to receive the 
Serial Poll Status Byte. Since bit 7 is set, this was the 
device which requested service. The CPU in the con- 
troller tells the 8292 to Take Control Synchronously' 
which asserts ATN. The moment ATN is asserted true 
the 8291 A in the slave device resets SPAS, and sets the 
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Serial Poll Complete (SPC) bit in the Interrupt Status 2 
register. The controller reconfigures itself to talk by set- 
ting the TO bit in the Address Mode register and then 
writing a OOH to the Aux Mode register. 

F. THE CONTROLLER SENDS THE COMMANDS 
UNIVERSAL UNTALK (UNT), AND SERIAL POLL 
DISABLE (SPD) THEN RESETS THE SRQ BIT IN 
THE 8292 INTERRUPT STATUS REGISTER 

The CPU in the controller waits for the BO Interrupt 
status bit to be set in the Interrupt Status 1 register of 
the 8291A before it writes 5FH (UNT) and 19H (SPD) 
to the Data Out register. The CPU then writes a 2BH 
to the 8292's command register to reset the SRQ status 
bit in the Interrupt Status register. When the 8291 A in 
the slave device receives the UNT command the ADSC 
bit in the Interrupt Status 2 register is set, and the TA 
and TP AS bits in the Address Status register will be 
reset. At this point the controller can service the slave 
device's request. 

Note that in the software listing of AP-66 (USING 
THE 8292 GPIB CONTROLLER) there is a bug in 
the serial poll routines. In the *SRQ ROUTINE' when 
the CPU finds that the SRQ bit in the interrupt status 
register is set, it immediately writes the interrupt Ac- 
knowledge command to the 8292 to reset this bit. How- 
ever the SRQ GPIB line will still be driven true until 
the slave device driving SRQ has been polled. There- 
fore, the SRQ status bit in the 8292 will become set and 
latched again, and as a result the SRQ status bit in the 
8292 will still be set after the serial poll. The proper 
time to reset the SRQ bit in the 8292 is after SRQ on 
the GPIB becomes false. 



Parallel Poll 

The 8291 A supports an additional method for obtain- 
ing status from devices known as parallel poll (PPOL). 
This method limits the controller to a maximum of 8 
devices at a time since each device will produce a single 
bit response on the GPIB data Unes. As shown in the 
state diagrams, there are three basic parallel poll states: 
PPIS (parallel poll idle state), PPSS (parallel poll stand- 
by state), and PPAS (parallel poll active state). 

In PPIS, the device's parallel poll function is in the idle 
state and will not respond to a parallel poll. PPSS is the 
standby state, a state in which the device will respond 
to a parallel poll from the controller. The response is 
initiated by the controller driving both ATN and EOI 
true simultaneously. 

The 8291 A state diagram shows a transition from PPIS 
to PPSS with the "Ipe" message. This is a PP2 imple- 
mentation for a parallel poll. This "Ipe" (local poll en- 
able) local message is achieved by writing 
OIIUSP3P2P1 to the Aux Mode Register with U = 0. 



The S bit is the sense bit. If the **ist" (individual status) 
local message value matches the sense bit, then the 
8291 A will give a true response to a parallel poll. Bits 
P3~Pl identify which data line is used for a response. 

For example, assume the programmer decides that the 
system containing the 8291 A shall participate in paral- 
lel poll. The programmer, upon system initialization 
would write to the Aux Mode Register and reset the U 
bit and set the S bit plus identify a data line (P3-P1 
bits). At "pon," the 8291 A would not respond true to a 
parallel poll unless the parallel poll flag is set (via Aux 
Mode Register command). 

When a status condition in the user system occurs and 
the programmer decides that this condition warrants a 
true response, then programmers software should set 
the parallel poll flag. Since the S bit value matches the 
"ist" (set) condition a true response will be given to all 
parallel polls. 

An additional method of parallel polling reading exists 
known as a PPl implementation. In this case the con- 
troller sends a PPE (parallel poll enable) message. PPE 
contains a bit pattern similar to the bit pattern used to 
program the **lpe" local message. The 8291 A will re- 
ceive this as an undefined command and use it to gener- 
ate an "Ipe" message. Thus the controller is specifying 
the sense bits and data lies for a response. A PPD (par- 
allel poll disable) message exists which clears the bits 
SP3P2P1 and sets the U bit. This also will be received 
by the 8291 A and used to generate an "Ipe" false local 
message. 

The actual sequence of events is as follows. The con- 
troller sends a PPC (parallel poll configure) message. 
This is an undefined command which is received in the 
CPT register and the handshake is held off. The local 
CPU reads this bit pattern, decodes it, and sends a 
VSCMD message to the Aux Mode Register. The con- 
troller then sends a ppe message which is also received 
as an undefined command in the CPT register. The 
local CPU reads this, decodes it clears the MSB, and 
writes this to the Aux Mode Register generating the 
"Ipe" message. 

The controller then sends ATN and EOI true and the 
8291 A drives the appropriate data line if the "ist" (par- 
allel poll flag) is true. The controller will then send a 
PPD (parallel poll disable) message (again, an unde- 
fined command). The CPU reads this from the CPT 
register and uses it to write new "Ipe" message (this 
"Ipe" message will be false). The controller then sends a 
PPU (parallel poll unconfigure) message. Since this is 
also an undefined command, it goes into the CPT regis- 
ter. When the local CPU decodes this, the CPU should 
clear the "ist" (parallel poll flag). 
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APPLICATION EXAMPLES 

In the course of developing this application note, two 
complete and identical; GPIB systems were built. The 
schematics and block diagrams are contained in Appen- 
dix 1. These systems feature an 8088 CPU, 8237 DMA 
controller, serial I/O (8215a and 8253), RAM, 
EPROM, and a complete GPIB talker/listener control- 
ler. Jumper switches were provided to select between a 
controller function and a talker/listener function. This 
system design is based on the design of Intel's SDK-86 
prototyping kit and thus shares the same I/O and 
memory addresses. This system uses the same down- 
load software to transfer object files from Intel develop- 
ment systems. 



Two Software Drivers 

Two software drivers were developed to demonstrate a 
ton/Ion environment. These two programs (BOARD 1 
and BOARD 2) are contained in Appendix 2. 

In this example, one of the systems (BOARD 1) initial- 
ly is programmed in talk-only mode and synchroniza- 
tion is achieved by waiting for the listening board to 
become active. This is sensed by the lack of a GPIB 
error since a condition of no active listener produces an 
ERR status condition. Board 1 upon detecting the pres- 
ence of an active listener transmits a block of 100 bytes 
from a PROM memory across the bus. The second sys- 
tem (BOARD 2) receives this data and stores it in a 
buffer, EOI is sent true by the talker (BOARD 1) with 
the last byte of data. Upon detection of EOI, BOARD 
2 switches to the talk only mode while BOARD 1 upon 
terminal count switches to the listen only mode. 
BOARD 2 then detects the presence of an active Hsten- 
er and transmits the contents of its buffer back to 
BOARD 1 which stores this data in the buffer. EOI 
again is sent with the last byte and BOARD 2 switches 
back to listen-only. BOARD 1 upon detecting EOI 
then compares the contents of its buffer with the con- 
tents of its PROM to ensure that no data transmission 
errors occurred. The process then repeats itself. 



8291 A With HP9835A 

An example of the 8291 A used in conjunction with a 
bus controller is also included in this application note. 
In this example, the 8291 A system used in previous 
experiments was connected via the GPIB to a Hewlett- 
Packard 9835A desktop computer. This computer con- 
tains, in addition to a GPIB interface, a black and 
white CRT, keyboard, tape drive /or high quality data 
cassettes, and a calculator type printer. The software 
for the HP9835S is shown in Appendix 3. The user 
should refer to the operation manuals for the 
HP 9835A for information on the features and pro- 
gramming methods for the HP 9835A. 



In this example, the 8292 was removed from its socket 
and the OPTA and OPTB pins of the two 8293 trans- 
ceiver reconfigured to modes 0 and 1. Optionally, the 
mode pins could have been left Wired for modes 2 and 3 
and the 8292 left in its socket with its SYC pin wired to 
ground. This would have produced the same effect. 

The first action performed is sending IPC. Generally, 
this is done when a controller first comes on line. This 
pulse is at least 100 /xs in duration as specified by the 
IEEE-488 standard. 

The software checks to see if active listeners are on Hne. 
For demonstration purposes, the HP 983 5 A will flag 
the operator to indicate that listeners are on line. 

The HP 9835A then configures and performs a parallel 
poll (PPOL). The parallel poll indicates 1 bit of status 
of each device in a group of up to 8 devices. Such infor- 
mation could be used by an apphcation program to de- 
termine whether optional devices are part of a system 
configuration. Such optional devices might include 
mass storage devices, printers, etc., where the applica- 
tion software for the controller might need to format 
data to match each type of device. Once the PPOL 
sequence is finished, the HP 983 5 A offers the user the 
opportunity to execute user commands from the key- 
board. At this time the HP 9835A sits in a loop waiting 
for an SRQ condition. When the operator hits a key on 
the keyboard, the HP 983 5 A processor is interrupted 
and vectors to a service routine where the key is read 
and the appropriate routine is executed. The HP 983 5 A 
will then return to the loop checking for the SRQ true. 
For this application, the valid keys are G, D, R, H, and 
X. Pressing the "G" key causes the GET command to 
be sent across the bus. A message to this effect is print- 
ed in the CRT and the HP 9835A returns. The "D" key 
causes the SDC message to be sent with the 8291 A 
being the addressed device. Again, an appropriate mes- 
age is output on the HP 9835A CRT. The "R" key 
causes the GTL message to be sent. The CRT displays 
"REMOTE MESSAGE SENT." The "H** key causes a 
menu to be displayed on the HP 9835A CRT screen. 
This menu lists the allowed commands and their func- 
tions. NO GPIB commands are sent. The "X" key al- 
lows the operator to send one line of data across the 
bus. The line of data is terminated by a carriage return 
and line feed produced by pressing the "CONTINUE" 
key on the HP 9835A. 

The characters are stored in the sequence entered into a 
buffer whose maximum size is 80 characters. Pressing 
the "CONTINUE" key terminates storing characters 
in the array and all characters including the carriage 
return and line feed are sent. EOI is then sent true with 
a false byte of OOH. This false byte is due to the 1975 
standard which allows asynchronous sending and re- 
ception of EOI. (The 8291 A supports the later . 1978 
standard which eliminates this false byte.) 



3-76 



AP-166 



After any key command is serviced control returns to 
the loop which checks for SRQ active. Should SRQ be 
active, then the keyboard interrupt is disabled and a 
message printed to indicate that SRQ has been received 
true. 

The controller then performs a parallel poll. 

This is an example of how parallel poll may be used to 
quickly check which group of devices contains a device 
sending SRQ. The eight devices in a group would, of 
course, have software drivers which allow a true re- 
sponse to a PPOL if that device is currently driving 
SRQ true. This would be a valuable method of isolation 
of the SRQ source in a system with a large number of 
devices. In this application program, only the response 
from the 8291 A is of concern and only the 8291A's 
response is considered. It does, however, demonstrate 
the technique employed. If a true response from the 
8291 A is detected, then a message to this effect is print- 
ed on the HP 9835A CRT screen. From this process, 
the controller has identified the device requesting serv- 
ice and will use a serial poll (SPOL) to determine the 
reason for the service request. This method of using 
PPOL is not specifically defined by the IEEE-488 stan- 
dard but is a use of the resources provided. 

The controller software then prints a message to indi- 
cate that it is about to perform a serial poll. This serial 
poll will return to the controller the current status of 
the 2819A and clear the service request. The status byte 
received is then printed on the CRT screen of the 
HP 9835 A. One of the 8291 A status bits indicates that 
the 8291 A system has a field (on line or less) of data to 
transfer to the HP 9835A. If this bit is set, then the 
HP 9835A addresses the 8291A system to talk. The 
data is sent by the 8291 A system is then printed on the 
CRT screen of the HP 9835A. The HP 9835 then en- 
ables the keyboard interrupts and goes into its SRQ 
checking loop. 

Appendix 4 contains the software for the 8291 A system 
which is connected to the HP 9835A via the GPIB. 
This software throws away the first byte of data it re- 
ceives since this transfer was used by the HP 9835A to 
test when the 8291 A system came on line. 

Next, both status registers are read and stored in the 
two variable STAT 1 and STAT 2. It is necessary to 
store the status since reading the status registers clears 
the status bits. 

Initially, six status bits are evaluated (END, GET, 
CPT, DEC, REMC, ADSC). Some of these conditions 
require that additional status bits be evaluated. 

If END is true, then the 8291 A system has received a 
block from the HP 9835 A and the contents of a buffer 
is printed on the CRT screen. Next, the CPT bit is 
checked. PPC and PPE are only vaUd undefined com- 
mands in this example. 



Next, the GET bit is examined and if true, the CRT 
screen connected to the serial channel on the 8291 A 
system prints a message to indicate that the trigger 
command has been received. A similar process occurs 
with the DEC and REMC status bits. 

Address Status Chagne (ADSC) is checked to see if the 
8291 A has been addressed or unaddressed by the con- 
troller. If ADSC is false, then the software checks the 
keyboard at the CRT terminal. If ADSC is set, then the 
TA and LA bits are read and evaluated to determine 
whether the 8291 A has been addressed to talk or Usten. 
The DMA controller is set to start transfers at the start 
of the character buffer and the type of transfer is deter- 
mined by whether the 8291 A m in TADS or LADS. 
We only need to set up the DMA controller since the 
transfers will be transparent to the system processor. 
The keyboard from the CRT terminal is then checked. 
If a key has been hit, then this character is stored in the 
character buffer and the buffer printer set to the next 
character location. This process repeats until the re- 
ceived character is a line feed. The line feed is echoed to 
the CRT, the serial poll status byte updated and the 
SRQ line driven true. This allows the 8291 A system to 
store up to one line of characters before requesting a 
transfer to the controller. Recall that upon receiving an 
SRQ, the controller will perform a serial poll and sub- 
sequently address the 8291 A to talk. The 8291 A system 
then goes back to reading the status register thus re- 
peating the process. 



CONCLUSION 

This application note has shown a basic method to view 
the IEEE 488 bus, when used in conjunction with In- 
tel's 8291A. 

The main reference for GPIB questions is the IEEE 
Standard 488—1978. Reference 8291A's data sheet for 
detailed information on it. 

Additional Intel GPIB products include iSBX-488, 
which is a multimode board consisting of the 8291 A, 
8292, and 8293. 

REFERENCES 

8291A Data Sheet 

8292 Data Sheet 

8293 Data Sheet 

Application Note #66 "Using the 8292 GPIB Control- 
ler" 

PLM-86 User Manual 
HP 9835A User's Manual 
IEEE— 488— 1978 Standard 
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APPENDIX A 
SYSTEM BLOCK DIAGRAM WITH 8088 



s 
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Hi 
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APPENDIX B 

SOFTWARE DRIVERS FOR BLOCK DATA TRANSFER 



PL/M--86 COMPILER BOARD 1 

ISIS-II PL/M-86 VI 1 COMPILATIUN OF MODULE BOARD 1 
OBJECT MODULE PLACED IN F I nRDl QB^ 

COMPILER INVOKED BY PLMQ6 Kl- BRDl. ' SRC SYMBOLS MEDIUM 

/♦ BOARD 1 TPT PROGRAM ♦/ 

/* THIS BOARD TALKS TO THE OTHER DOARD BV */ 

/♦ TRANSFERRING A BLOCK OF DATA VIA THE 8237 */ 

/* COUPLED NITH THE 8291 A THE 8291 A IS PROGRAM- ♦/ 

/♦ MED TO SEND EOI WHEN RECOGNIZING THE LAST */ 

/* DATA B/TE'S BIT PATTERN WHILE DATA IS BEING «/ 

/* TRANSFERRED, THE PROCESSOR PERFORMS I/O READS ♦/ 

/* OF THE &237 CC'JNl REGISTERS TO SIMULATE BUS ♦/ 

/♦ ACTIVITr, AND TO DETERMINE WHEN TO TURN THE */ 

LINE AROUND. AFTER THE 8237 HAS REACHED */ 

/* TERMINAL COUNT, THE 8291A IS PROGRAMMED TO «/ 

/♦ THE LISTENER STATE AND WAITS FOR THE BLOCK »/ 

/♦ TO BE TRANSMITTED PACK FROM THE SECOND BOARD. */ 

/•» THIS DATA IS PLACED IN A SECOND BUFFER AND */ 

/* ITS CONTENTS COMPARED WITH THE ORIGINAL DATA »/ 

/* TO CHECK FOR INTERFACE INTEGRITY ♦/ 

1 BOARD 1. 

DO; 

/« PROCEDURES #/ 

2 I CO: PROCEDURE (XXX) ; 

3 2 DECLARE XXX BYTE. 

SER*STAT LITERALLY '0FFF2H'. 

SER*DATA LITERALLY 'OFFFOHS 

TXRDY LITERALLY 'OIH', 

4 £ DO WHILE (INPUT (SER*STAT) AND TXRDY) O TXRDY; 

5 3 END; 

6 2 OUTPUT (SER«DATA) = XXX; 

7 2 END CO; 

/■•^ SETUP BUFFERS «/ 

8 1 DECLARE BUFF2 (100) BYTE; /» RAM STORAGE AREA ♦J 
1 DECLARE BUFFI (100) BYTE DATA 



(1,2 


3, 4, 


5. 6, 7, 


8, 9, 


lOH, 












UH, 


12H, 


13H, 


14H, 


15H, 


16H. 


17H, 


16H, 


19H, 


20H, 


21H, 


22H, 


23H, 


24H, 


25H, 


26H, 


27H, 


28H, 


29H. 


30H> 


31H, 


32H, 


33H. 


34H, 


35H, 


36H, 


37H, 


38H> 


39H, 


40H> 


41H, 


42H, 


43H, 


44H, 


4SH, 


46H, 


47H, 


48Hi 


49H. 


50H« 


51H, 


52H, 


53H, 


54H, 


55H, 


S6H, 


57H, 


58Hi 


39H, 


60H* 


61H, 


62H, 


63H, 


64H, 


65H, 


66H, 


67H, 


68H, 


69H, 


70H> 


71H> 


72H, 


73H, 


74H, 


75H, 


76H, 


77H, 


78H, 


79H, 


80H, 


aiH. 


e2H, 


83H, 


84H, 


85H, 


86H, 


87H, 


88H, 


89Hi 


90H. 
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PL/M-86 COMPILER BOAPDl 



91H, 92H, 93H, .94H, 95H. 96H, 97H/ 98H, 99H. ODH)j 
DECLARE BUFF3(17) BYTE DATA 

^ODH. CAM, 'COMPARE ERROR ODH, CAM), /» ROM STORAGE AREA #/ 

/* 8237 POPT ADDRESSES »/ 

DECLARE 



CLEAR *FF 

STAPT*0*LO 

START*0*HI 

0»COUNT*LO 

0*COUNT*HI 

SET*MODE 

CMD*37 

SE r*MASK 



LITERALLY 'OFFDDH', 

LITERALLY OFFDOH', 
LITERALLY 'OFFDOH' 

LITERALLY OFFDIH', 

LITERALLY OFFDIH'. 

LITERALLY OFFDBH', 

LITERALLY 'OFFDOH', 

LITERALLY 'OFFDFH', 



/♦ MASTER CLEAR */ 



12 
13 



/* 8237 COMMAND - DATA BYTES »/ 



DECLARE 
DECLARE 



DMA»ADR*TALK 
DMA*ADR*LSTN 



POINTER. 
POINTER. 



14 1 



DECLARE 



RD»TRANSFER 
WR*TRANSFER 
NORM»TIME 
TC»l01 
TC*HXl 
TC*L02 
TC 
I 



LITERALLY '48H', 

LITERALLY '44H', 

LITERALLY '20H', 

LITERALLY 'OFFH'. 

LITERALLY OOHS 

LITERALLY '99DS 
LITERALLY 'OIH'. 
BYTE; 



/* 100 XFERS ♦/ 



DECLARE 



DMA»WRD*TAI.J^ k2> 
DMA*WRD*LSTN(2) 



i^ORD 
WORD 



AT 
AT 



(@DMA*ADR*TALK>. 
<@DMA*ADR«LSTN). 



8291 A PORT ADDRESSES */ 
DECLARE 



PORT*OUT 
PORT* IN 
STATUS* 1 
STATUS*2 
ADDR*STATUS 
COMMAND*MOD 
ADDR*0 
EOS*REO 



LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 



' OFFCOH ' 

'OFFCOH' 

'OFFCIH' 

'0FFC2H 

'0FFC4H' 

'0FFC5H' 

'0FFC6H' 

'0FFC7H' 



/* DATA OUT*/ 



/*INTR STAT 2*/ 
/♦ INTR STAT 2 ♦/ 



/*CMD PASS THRU ♦/ 



/* EOS REGISTER ♦/ 
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8291 A COMMAND - DATA 


BYTES «/ 




PL/M-86 


COMPILER 


BOAPDl 






1 / 


1 




DECLARE 












END*EOI LITERALLY 


'88H'. 










ONE LITERALLY 


'lOH', 










PON LITERALLY 


'OOH', 










RESET LITERALLY 


' 02H ' , 










CLEAR LITERALLY 


' OOH' , 










DMA»REQ*L LITERALLY 


' lOH 










DMA$REG»T LITERALLY 


'20H'. 










M0D1»T0 LITERALLY 


'BOH'. 










MODltLO LITERALLY 


'40H', 










EOS LITERALLY 


'ODH', 










PRESCALER LITERALLY 


' 23H ' , 










HIGH»3PEED LITERALLY '0A4H', 










OKA/ LITERALLY 


OFFFFH', 










>Y2 DVTE. 












MATCH WORD, 












BO LITERALLY 


'02H'. 










BI L[Tr.RALLY 


'OIH', 










ERR LITERALLY 


'04H'. 








/» CODE 


BEGINS ♦/ 






18 


1 


START91 














OUTPUT (STATUS*2) 


=CLEAR, /* SHUT-OFF DMA REQ BITS 


TO ♦/ 










/» PREVENT EXTRA DMA REQS 


♦ / 










/*FROM 8291 A 


«/ 








/* MANIPUc.ATE DMA ADDRESS VARIABLES ♦/ 




1 ^ 






DMA*ADR* iAL K =^«BUFF1), 






I 




DMA*ADR$L&TN -^eBUFF2); 




21 


I 




DMA*WRD*TALK ( U^SHL 


<DMA$WRD$TALK( 1 ), 4), 




22 






DMA*WRD$TALK<0)«DMA«WRD*TALK (0) DMA»WRD*TALK 




23 


1 




DMA*WRD*LSTN( 1 )=SHL 


(DMA»WRD*LSTN <1), 4); 




24 


1 




DhA*WRD*LSTN(0)=DMA*WRD*LSTN (0) +DMA»WRD*LSTN (1), 




25 


1 


[NIT37-1 










/♦ 


INIT 8237 FOR TALKER FUNCTIONS »/ 




26 


1 




OUTPUT (CLEAR*FF) 


=CLEAR, /♦ TOGGLE MASTER CLEAR 




27 


1 




OUTPUT (CMD*37) 


=NORM*TIME; 




28 


1 




OUTPUT fSET*MODE) 


=RD$TRANSFER; 










OUTPUT (SET*MASK) 


='CLEAR; 




29 


1 




OUTPUT ^START«0*LO) »DMA*WRD*TALK <0>; 




30 


1 




DMA$WRD»TALK (0) 


=SHR < DMA*WRD»TALK <0), 8>i 




31 


1 




OUTPUT fSTART*0»HI) «DMA»WRD»TALK (0)i 




32 


1 




OUTPUT ia*COUNT*LO) »TC*L02i 




33 


1 




OUTPUT (0*COUNT»HI) =TC»HI2i 










/* INIT B291A FOR TALKER FUNCTIONS ♦/ 




PL/M 


-86 


COMPILER 


BOARDl 
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34 


1 


OUTPUT (EOS*ReG> «EOS> 


35 


1 


OUTPUT (COMMAND*MOD) *END*EOI. /« EOI ON EOS SENT ♦/ 


36 


1 


OUTPUT (ADDR»STATUS> =tMODl*Ta, /» TALK ONLY ♦/ 


37 


X 


OUTPUT (COMMAND*MOD) -PRESCALEPi 


38 


1 


OUTPUT (COMMAND*MOD) "HIOH*SPEEDi 


39 


1 


OUTPUT (COMMANO$MOD? ==PON; 


40 


I 


DO WHILE (INPUT <STATUS«1) AND B0> =-0/ 


41 


2 


END; /* WAIT FOR BO INTR */ 


42 


1 


OUTPUT (PORT$OUT) = OAAH. 


43 


1 


DO WHILE (INPUT (STATUS^l) AND ERR) = ERR; 


44 


2 


DO WHILE < INPUT < STATUS* 1) AND B0> « 0; 


45 


3 


END* /* WAIT FOR BO INTR ♦/ 


46 


2 


OUTPUT <PORT»OUT) ^OAAH, 


47 


2 


END/ 


48 


1 


OUTPUT ':t1A7US*2) «DMA$PEQ*T, ENABLE DMA REQS */ 


49 


1 


DO WHILE (INPUT (CMD*37> AND TO O- TC; 






/* WAIT FOR TC » 0 */ 


50 


2 


END, 


51 


1 


INIT37L/ 






OUTPUT (STATUS*2) aCLEARi /« DISABLE DMA REQS ♦/ 






/< INIT 823"/" FOR LISTENER FUNCTIONS */ 


52 


1 


OUTPUT . (CLEAR*FF) 0«CLb:AR, /* TOGGLE FASTER RESET */ 


53 


2 


OUTPUT (CMD*37) «NORM$TIME, 


54 


1 


OUTPUT ^SETSMODE) =WR»TRANSFEP, 


55 


1 


OUTPUT (SET»MASK) =CLEAR, 


56 


1 


OUTPUT <START*0«LOi ^^DhA^WRDfLSTN CO), 


57 


1 


DMA*WRD*LSTN (0) =SHR ^ DMA*WPD*LSTN <0). 8)# 


58 


1 






OUTPUT 


(START »0*HI) -DMA*WRD*LSTN (0). 


59 


1 


OUTPUT (D$COUNT*LO) =TC*LD1, 


60 


1 


OUTPUT (0$COUNT*HI) =TC*HI1. 






/♦ INIT 82^1 A FOR LISTENER FUNCTIONS */ 


61 


1 


OUTPUT (COMMAND^MOD) PRESET, 


62 


1 


OUTPUT <ADDR*STATUS.) ==M0D1*L0; /* LISTEN ONLY «/ 


63 


1 


OUTPUT ( COMMAND$MOD) =PON, 


64 


1 


DO WHILE (INPUT (STATUS*!) AND BI) =0, 


65 


2 


ENDi /* WAIT FOR BI INTR »/ 


66 


1 


XYZ = INPUT (PORT$IN)i 


67 


1 


OUTPUT (STATUS*2) «DMA*REQ*L, /* ENABLE DMA REQS */ 


68 


1 


DO WHILE (INPUT (STATUS$1> AND DNE) :> DNE; 






/* WAIT FOR EOI RECEIVED 
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PL./M-8A COMPILEP POART' 1 



70 



71 



73 
74 
75 

7ft 

77 



'■»^ rc:'*!P ARE THE TWO BUFFERS CONTENTS »/ 
MATCH-CMPB (©BUFFI. SBUFF2, 100); 
IF MATCH = OKAY THEN GOTO START? 1, 
•■I' SEND ERROR MESSAGE IN BUFFER 3 */ 



DO I*=0 TO 16. 

CALL CO (BUFF 3 < I ) 

END, 

GOTO START91. 
END. 



MODULE INFORMATION- 



CODE AREA SIZE =01DBH 475D 

CONSTANT AREA SIZE «0075H 117D 

VARIABLE AREA SIZE »0070H 1120 

MAXIMUM STACK SIZE «0006H 6D 
243 LINES READ 
0 PROGRAM ERROR iS) 



END OF PL/M-86 COMPILATION 
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PL/M-86 COMPILER B0ARD2 

ISIS-II PL/ri-86 VI 1 COMPILATION OF MODULE B0ARD2 
OBJECT MODULE PLACED IN Fl BRD2, OBJ 
COMPILER INVOKED BY PLM86 Fl BRD2, SRC 



/•*• BOARD 2 TPT PROGRAM */ 
/♦ */ 

/« THIS BOARD LISTENS TO THE OTHER BOARD <1) ♦/ 
/* AND DMA'S DATA INTO A BUFFER, WHILE WAITING ♦/ 
/* FOR THE END INTERRUPT BIT TO BECOME ACTIVE */ 
/* UPON END ACTIVE, THE DATA IN THE BUFFER IS */ 
/» SENT BACK TO THE FIRST BOARD VIA THE OP ID «/ 
/♦ WHEN THE BLOCK IS FINISHED THE 8291A IS */ 
/♦ PROGRAMMED BACK INTO THE LISTENER MODE ♦/ 



/» 8237 PORT ADDRESSES */ 



2 1 



DECLARE 



CLEAR«FF 

START«0»Lo 

START»0«HI 

O^COUNT^LO 

0»COUNT$HI 

SET*MODE 

CMD*37 

SET$MASK 



LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLV 



'OFFDDH' 
'OFFDOH' 
'OFFDOH' 
'OFFDIH' 
'OFFDIH' 
'OFFDBH' 
OFFDSH ' 
'OFFDFH' 



/♦MASTER CLEAR ♦/ 



/♦ 8237 COMMAND 



DATA BYTES */ 



3 1 



DECLARE 



RD*TRANSFER 

WR»TRANSFER 

ADDR^IA 

ADDR*1B 

NORM^TIME 

TC*L01 

TC*HI1 

TC*L02 

TC«HI2 



LITERALLY 
LITERALLV 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 



'4aH , 

'44H', 
'00H'> 
'OIHS 
'20H', 
'OFFH' 
'OOH', 
'99DS 
'OOH'. 



TC 



LITERALLY 



'OIH' 



/* 8291A PORT ADDRESSES */ 



4 1 



DECLARE 



PORT*OUT 

PORT$IN 

STATUS*! 

STATUS«2 

ADDR*STATUS 

COMMAND»MOD 



LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 
LITERALLY 



'OFFCOH' 
'OFFCOH' 
'OFFCIH ' 
'0FFC2H' 
'0FFC4H' 
'0FFC5H' 



/» DATA IN »/ 
/* INTR STAT 1 ♦/ 
/» INTR STAT 2 ♦/ 
/♦ ADDR STAT ♦/ 
/* CMD PASS THRU «/ 
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PL/M-B6 


COMPILER B0Af-'D2 










ADDR»0 


LITERALLY 


'0FFC6H ' * 






EOS*REG 


LITERALLY 


'OC"cr/**7U' / M, erne sc/ntctco m. / 






/<■ 8291A COMMAND - DATA 


K T T cb */ 




J 


DECLARE 










END*EOI 


LITERALLY 


88H 1 






DNE LITERALLY 'lOH 








FON LITERALLY 'OOH 








RESET 


LITERALLY 








CLEAR 


LITERALLY 








DMA*REQ*L LITERALLY 


1 OH » 






DMA»REQ$T LITERALLY 


'20H', 






M0D1$T0 


LITERALLY 


'80H 






MODl^LO 


LITERALLY 


'40', 






EOS LITERALLY 'ODH 








PRESCALER LITERALLY 


'23H'. 






HIOH«SPEED LITERALLY 


'A4H', 






XY2 


BYTE, 








DO 


LITERALLY '02H 








BI 


LITERALLY OIH 








ERR 


I ITER ALLY '04H 






I 


START91, 










OUTPUT 


<STATUS*2) «CLEAR- /♦ END INITILIZATION STATE ♦/ 






/* ir4IT 


8237 FOR LISTENER FUNCTION »/ 


7 


1 


INIT37L, 










OUTPUT 


(CLEAR*FF) ssCLEARi /♦ TOGGLE MASTER RESET ♦/ 


e 


1 


OUTPUT 


<CMD*37) =NORM*TIME/ 


9 


1 


OUTPUT 


(SETI^MODE) «WR*TRANSFER, /« BLOCK XFER MODE */ 


10 


1 


OUTPUT 


(SET$MASK) =CLEAR, 


1 1 


1 


OUTPUT 


(START»0»LO) 


»ADDR«1A; 


12 


1 


OUTPUT 


fSTART*0«HI) 


=ADDR1HB; 


13 


1 


OUTPUT 


(0*COUNT»LO) 


=TC»L01, 


14 


1 


OUTPLUT 


tO$COUNT$HI ) 


==TC»HI1. 






/* INIT 


8291 A FOR LISTENER FUNCTIONS ♦/ 


15 


1 


OUTPUT 


<COMMAND»MOD) 


«RESET; 


16 


1 


OUTPUT 


(ADDRSSTATUS) 


«MOD1«LO, 


17 


1 


OUTPUT 


(C0MMAND»MOD) 


«PON, 


18 


1 


DO WHILE 


(INPUT (STATUS»1) AND 31) «0; 


19 


2 


END. /* 


WAIT FOR BI INTR ♦/ 


20 


1 


XYZ= INPUT (PORT^IN), 




21 


1 


OUTPUT 


(STATUS»2> 


DMAtREQ«Li 






/* WAIT 


UNTIL EOI RCVD AND END INTR-SIT SET ♦/ 


22 


1 


DO WHILE (INPUT (STATUS»1) AND DNE ) <> ONE; 
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PL/M-Sto 


COMPILER B0ARD2 








1 




END. 






24 


1 




rNIT37T. 












/* INIT 8237 FOR TALKER FUNCTION »/ 












OUTPUT (STATUS»2) aCLEARi /« CLEAR 8291 A DRQ 


«/ 




25 


1 




OUTPUT (CLEAR*FF) «CLEAR, 






26 


1 




OUTPUT (CMD$37) *NORM$TIME» 






27 


t 




OUTPUT ^SET»MODF) «RD»TRANSFER; /* BLOCK XFER 


MODE */ 




28 


1 




OUTPUT ^SET*MASK) =GLEAR; 






29 


I 




OUTPUT (START$0*LO> «ADDR$1A, 






30 


1 




OUTPUT (START»0»HI) «ADDR*1B, 






31 


1 




OUTPUT (0*COUNT*LO) «TC«L02» 






32 


1 




OUTPUT (0«COUNr$HI) =TC»HI2. 












INIT 8291 A FOR TALKER FUNCTION »^ 






33 


1 




OUTPUT (EOS»RE0) =EOS, 






34 


1 




OUTPUT (COMMAND*MOD) =END*EOI; /♦ EOI ON EOS 


SENT ♦/ 




39 


I 




OUTPUT ( ADDR*STATUS) =sMODl»TOi /* TALK ONLY 


*/ 




36 


1 




OUTPUT ^COMMAND*MOD) «PRESCALER, 






37 


1 




OUTPUT UjOMMAND*MOD) «HIGH$SPEED* 






38 


1 




OUTPUT (COMMANO*MOD) =PONi 






39 


1 




DO WHILE (INPUT (STATUS$1) AND BO) *0i 






40 


2 




END, /* WAIT FOR BO INTR */ 






41 


1 




OUTPUT (PORT*DUT> ==OAAH> 






42 


1 




DO WHILE (INPUT <STA7US*1) AND ERR ) »ERRi 






43 


2 




DO WHILE (INPUT (STATUS*! > AND BO) »0i 






44 


3 




END; /* WAIT FOR BO INTR ♦/ 






45 


2 




OUTPUT (PORTtOUT) »OAAH# 






46 


2 




END; 






47 


1 




OUTPUT ( STATUS*2 ) «DMA$REQ»T, 












/* WAIT FOR TC«0 */ 






48 


1 




DO WHILE (INPUT (CMD*37> AND TO O TCi 






49 


2 




END; 






50 


1 




GOTO START91. 






51 


1 


END; 








MODULE INFORMATION 








CODE 


AREA 


SIZE *0122H 290D 








CONSTANT 


AREA SIZE -0000H OD 








VARIABLE 


AREA SIZE «0001H ID 








MAXIMUM STACK SIZE «0000H OD 








152 


LINES 


READ 








0 PROGRAM 


ERROR (S> 
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APPENDIX C 
SOFTWARE FOR HP 9835A 



le REM SEND lu 
TERFflCE CLEAR 
20 flBORTIO 7 
30 REM FORCE E 
RRORS UNTIL LIST 
ENERS fiCTIVE 
40 FrcerrJ OUT 
PUT 704 USING "# 
f K"J "B" 

50 Chkstst : ST 
fiTUS 7«StoitliSta 
t2»Stot3»Stat4 
60 Err*Stot2 ft 
NO 1 

70 IF Err=l TH 
EN GOTO Frcerr 
80 PRINT CHRff 
12J > "LISTENERS ft 
RE ON LINE " 
90 REM CONFIGU 
RE PPOLL 

106 PPOLL conf: 

CURE 704? ••0000i: 1 

00" 

110 

' response or, 
bit 4 

120 PRINT CHF* ■ 
12J» "PfiRflLLEL PO 
LL CONFIGURED" 
130 REM ENfiELE 
KEYBOfiRD INTERRU 
PT 

140 PRINT "COMM 
fiNB = o (HIT 

'H' FOP LISTJ " 
150 Keyen: ON k 
BO GOSUB 610 
160 STATUS 7;St 
atlf Stat2iStot3> 



Stat4 

170 SrctrEINflNIif 
St at 1 » U81 
180 IF Srq=e TH 
EN GOTO > e . en 
19f. OFF i I'D 
200 PRINT CHR$( 
12)."SR0 RECEIVE 

0" ■ 

210 PRINT "SEND 
ING PARALLEL POL 
L RESPONSE MESSfi 
GE" 

220 REM EXECUTI 
NG PARALLEL POLL 
230 PPonbyte=P 
P0LL(7) 

240 PRINT "PARA 
LLEL POLL BYTE = 

";Ppd"nb^te 
250 PRINT " 



260 PPonbyte = E 
INANDfPPoHbytej 
8) 

270 IF Ppollb.t 
e=0 THEN GOTO 
291 

280 PRINT "SR ■ 
NOT FROM 8291" 

281 PRINT "COMM 
RNO = •? (HIT 
'H' FOR LIST)" 
290 GOTO Keyen 
300 P8291: PRIN 
T "SRO IS FROM N 
CC 8291 ... THE 
ENTERPRISE" 

310 PRINT "PERF 
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OPMING SERIAL PO 
LL TO GET STATUS 

320 STATUS 704! 
Stttt 

330 PRINT CHR*( 
12)»"Stotu« » "» 

St ot 

340 L i(r> =EINflN 
D(S< Gt , 1 ' 
520 IF D>'ter 0 
THEN GOTO Pc^r 

530 GOTO Ke>'en 

531 Rcyr: REM R 
EADY TO RCV CHAR 
S FROM CPIB 

540 DIM G«[80] 
550 ENTER 784 U 
SING ":i.T";G* 
560 PRINT CHR«( 
12) >G« 

570 PRINT "COMM 
AND = '> (HIT 

'H' FOR LIST)" 
580 GOTO Keyen 
590 REM INTERRU 
PT SERVICE ROUTI 
NES 

600 ..REM GET KEY 
BOARD DATA 
610 Uhatkey: 01 
M K$C80] 
620 K*=KBD$ 
630 IF K$="G" T 
HEN GOTO Get 
640 IF Kt«"D" T 
HEN GOTO Dec 
650 IF K*«"R" T 
HEN GOTO Rett 
660 IF K*="H" T 
HEN GOTO Help 
670 IF K«="X" T 
HEN GOTO Xnit 
680 Get: TRIGGE 



R 704 

690 PRINT CHR*( 
12) ♦"GROUP EXECU 
TE TRIGGER SENT" 
700> PRINT " " 
710 PRINT "COMM 
AND » '> (HIT 
'H' FOR LIST) " 
720 RETURN 
730 Dec: RESET 
704 

740 PRINT CHR»( 
12) » "SELECTIVE D 
EVICE CLEAR SENT 

750 PRINT'.-? " 
760 PRINT "COMM 
AND « (HIT 
'H' FOP LIST)" 
770 RETURN 
780 Rem: LOCAL 
704 

790 PRINT CHR*( 
12) » "REMOTE HESS 
AGE SENT" 
800 PRINT-" " 
810 PRINT "COMM 
AND = '> (HIT 

'H' FOR LIST)" 
820 RETURN 
830 Helps ■ PRINT 

CHR»(12) 
840 PRINT " i@e 
f OPERATOR ALLOU 
ABLE COMMANDS @@ 
99 " 

850 PRINT " hit 

key result" 
860 PRINT " G 
Send GET n 

essase." 

870 Print " d 

Send DEC n 
e»sa»e" 
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380 PRINT " P xnit: DIM A 

Send REM L $[80] 

flifl"*ll?M? ■■ 550 PRINT CHR«( 

390 PRINT 12), "Enter dttta 

oard input to to CONTINUE" 

900 PRINT H 970 OUTPUT 7645 

Prints thi f\$ 

928 PRINT ... fiklD s 0 fUTT 
.0 ahead, TRY IT FOR LIST)" 

9-^0 PPTIIPW RETURN 

930 RETURN iqqq gj^p 
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SOFTWARE FOR HP 8088/HP 9835A VIA GPIB 



PL/M-86 COMPILER HP IB 



ISI8-II PL/M-B6 VI. I COMPILATION OF MODULE HPIB 

OBJECT MODULE PLACED IN :F1: HPIB. OBJ 

COMPILER INVOKED BY: PLM86 :F1:HPI^. SRC LARGE 



HPIB: 
/« 



PARAMETER DECLARATIONS 



DECLARE 

ADDRtHI LITERALLY 'OIHS 

ADDR^LO LITERALLY 'OOH'i 

ADSC LITERALLY 'OIHS 

BI LITERALLY 'OIHS 

BO LITERALLY '02H'. 

CHAR»COUNT BYTE» 
CHAR BYTE, 
CHARS < BO) BYTE* 
CLEAR LITERALLY 'OOHS 

CPT LITERALLY '80H', 

CRLF LITERALLY 'OAH% 

DEC LITERALLY 'OBH', 

DMA«ADR«LSTN POINTER, 
DMA«ADR«TALK POINTER, 

DMA«WRD»L8TN(2) WORD AT ( «DMA«ADR«LSTN ) , 

DMA«WRD«TALK(2) WORD AT ( eDMA«ADR«TALK ) , 

DMA*REQ*L L I TER ALLY ' 1 OH ' , 

DMA»REQ*T L I TER ALLY ' 20H ' . 

DNE LITERALLY 'I OH', 

END^EO I L I TER ALLY ' B8H ' , 

EOS LITERALLY 'ODH', 

ERR LITERALLY '04H', 

GET LITERALLY '20H', 

I BYTE, 

LISTEN LITERALLY '04H', 

MLA LITERALLY '04H', 

M0DE»1 LITERALLY 'OIH', 

NOtDMA LITERALLY 'OOH', 

NO^RSV LITERALLY 'OOH', 

NORM»TIME LITERALLY '20H', 
PON LITERALLY 'OOH', 

PPC LITERALLY 'OSH', 

PPE»MASK LITERALLY '60H', 
PPOLL^CNFG^FLAG LITERALLY 'OIH', 
PPOLL*EN»BYTE BYTE, 
PRI»BUF(80} BYTE AT (ftCHARS), 
RDtXFER LITERALLY '48H', 

RESET LITERALLY '02H', 

REMC LITERALLY '02H', 

RSV LITERALLY '40H', 

RXRDY LITERALLY '02H', 
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8RQ8 


LITERALLY 


'40H', 










STATl 


BYTE, 












STAT2 


BYTE, 












TALK 


LITERALLY 


'02H', 










TA«OR«LA 


BYTE, 












TRQ LITERALLY '41H', 










TC LITERALLY 'OIH', 










TC»HI 


LITERALLY 


' COM ' 1 










TC»LO 


LITERALLY 


'OFFH', 










TXRDY 


LITERALLY 


'OIH 










UDC BYTE, 












WR«XFER 


LITERALLY 


' 44H ' , 










XYZ BYTE* 












/♦ 














PORT DECLARATIONS 












♦/ 














DECLARE 














ADDR«0 


LITERALLY 


'0FFC6H', 










ADDRKSTATUS 


LITERALLY 


'0FFC4H', 










CLEAR4FF 


LITERALLY 


'OFFDDH', 










CND437 


LITERALLY 


'0FFD8H', 










COMMANDtMOD 


LITERALLY 


'0FFC5H', 










COUNTER I 


LITERALLY 


'OFFDIH', 










COUNTtLO 


LITERALLY 


'OFFDIHS 










CPT»REG 


LITERALLY 


'OFFCSH', 










EOS»REG 


LITERALLY 


'0FFC7H', 










PORT*IN 


LITERALLY 


'OFFCOH', 










PORT^OUT 


LITERALLY 


'OFFCOH', 










SER«DATA 


LITERALLY 


'OFFFOH', 










SERtSTAT 


LITERALLY 


'0FFF2H', 










SET«MASK 


LITERALLY 


'OFFDFH', 










SET»MODE 


LITERALLY 


'OFFDBH', 










SPOLLtSTAT 


LITERALLY 


'0FFC3H', 










STARTtHI 


LITERALLY 


'OFFDOH', 










STARTtLO 


LITERALLY 


'OFFDOH', 










STATUS»1 


LITERALLY 


'OFFCIH'. 










STATUS«2 


LITERALLY 


'0FFC2H'i 










/* crt fncfts«g»t lift */ 










4 1 


DECLARE OETtMSOdl) BYTE 


DATA <ODH, 


OAH, 






9 1 


DECLARE DEC»M80<16) BYTE 


DATA (ODH, 


OAH, 


'DEVICE CLEAR OAH, ODH)i 




6 1 


DECLARE REMC»MS©<10) BYTE DATA <ODH, OAH 






7 1 


DECLARE CPT«M80(22) BYTE 


DATA (ODH, 


OAH, 


'UNDEF CMD RECEIVED OAH, 


ODH)j 


8 1 


DECLARE HUH^MSOdl) BYTE 


DATA <ODH, 


OAH, 


'HUH ???'.ODH,OAH)i 






/* called proctdurss 


♦/ 








9 1 


REQ8ER: 


PROCEDURE; 
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10 


2 


OUTPUT <SPOLLtSTAT)»TRQi 




11 


2 


DO WHILE (INPUT (SPGLLtSTAT) AND SRQ8)«SRQSi 




12 


3 


END; 




13 


2 


OUTPUT <SP0LL»STAT>«N0»R8Vi 




14 


2 


END REQ8ER; 




13 


1 


CO: PROCEDURE (XXX); 




16 


2 


DECLARE 








XXX BYTEj 




17 


2 


DO WHILE (INPUT (SERtSTAT) AND TXRDY>OTXRDYi 




18 


3 


END; 




19 


2 


OUTPUT (SERtDATA)«XXX; 




20 


2 


END CO; 




21 


1 


HUH: PROCEDURE; 




22 


2 


DO 1*0 TO 10; 




23 


3 


CALL CO (HUH«n80(I) ); 




24 


3 


END; 




25 


2 


END HUH; 




26 


1 


CI: PROCEDURE; 




27 


2 


IF (INPUT (SER^STAT) AND RXRDY)«RXRDY THEN 




28 


2 


DO; 




29 


3 


I«0; 




30 


3 


CHAR»COUNT»0; 




31 


3 


STORE»CHAR: CHAR«( INPUT (SER»DATA) AND 7FH); 




32 


3 


CHAR*CQUNTaKCHAR*CnUMT<*>l : 




33 


3 


CALL CO (CHAR); 




34 


3 


CHARS ( I ) »CHAR ; 




39 


3 


I«I+1; 




36 


3 


IF CHAR <> CRLF THEN 




37 


3 


DO; 




38 


4 


DO WHILE (INPUT (8ER«8TAT) AND RXRDY) 


ORXRDY; 


39 


5 


END; 


40 


4 


(SOTO STORE4(CHAR2 




41 


4 


END; 




42 


3 


CALL REQSER; 




43 


3 


END; 




44 


2 


END CI; 




45 




TAL.i\9cXeC: PROCEDURE; 




46 


2 


OUTPUT (STATUS«2) -CLEAR; 








/♦ 








m«nipul«tt «ddr»s» bits for DMA controlltr 








♦/ 




47 


2 


DMA»ADR«TALK« ( tCHARS ) ; 




48 


2 


OMAtWRDtTALK ( 1 ) «SHL ( DMAtWRDtTALK ( I ) , 4 ) ; 




49 


2 


DMAtWRD^TALK ( 0 ) -DMA»WRD»TALK ( 0 ) +DMA*WRD«TALK ( 1 ) ; 




50 


2 


OUTPUT (CLEAR»FF) -CLEAR; 
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91 


2 




OUTPUT (CMD37)-N0RM»TIMEi 




92 


2 




OUTPUT (SET«l10DE)«RD«XFERi 




93 


2 




OUTPUT ( SET«MA8K ) -CLEAR i 




94 


2 




OUTPUT < 8TART4L0 ) *DMA«MRD«TALK < 0 > » 




99 


2 




OMA^WRDtTALK ( 0 ) "SHR ( DMAtWRD^TALK ( 0 ) * 8 ) i 




96 


2 




OUTPUT ( ST ART«H I ) «DMA«WRD«TALK ( 0 ) i 




97 


2 




OUTPUT (COUNT»LO)-CHAR»COUNTi 




98 


2 




OUTPUT (COUNTtHI >»0; 




99 


2 




OUTPUT (EOStREO)»EOS} 




60 


2 




OUTPUT ( C OMM AND^MOD ) "END^EO I i 




61 


2 




DO WHILE (INPUT (8TATU841) AND BO)-Oi 




62 


3 




END; 




63 


2 




OUTPUT (PORT»OUT)»OAAH; 




64 


2 




DO WHILE (INPUT ( STATUS* 1) AND ERR) -ERR J 




69 


3 




DO WHILE (INPUT ( STATUS* 1) AND BO)-Oi 




66 


4 




END; 




67 


3 




OUTPUT (PORT»OUT)«OAAH; 




68 


3 




END; 




69 


2 




OUTPUT (STATU8«2)«DMA»REQ»T; 




70 


2 




END TALK«EXEC; 




71 


1 


LISTEN»EXEC: PROCEDURE; 




72 


2 




OUTPUT (STATUS«2) -CLEAR; 




73 


2 




OUTPUT (CLEARfFF) -CLEAR; 




74 


2 




OUTPUT (CMD*37)-N0RM*TIME; 




79 


2 




OUTPUT ( SETtliODE ) -WRtXFER ; 




76 


2 




OUTPUT ( SET^MASK ) -CLEAR ; 




77 


2 




DMA«ADR*L8TN« ( tCHARS ) ; 




78 


2 




DMA«WRD»LSTN ( 1 ) vSHL ( DMA«WRD«L8TN ( 1) » 4 ) ; 




79 


2 




DMAtWRDtLSTN { 0 > -DMA»WRD*L8TN < 0 ) •♦•DMAtWRDtLSTN < 1 ) ; 




80 


2 




OUTPUT ( STARTtLO ) -DMAtWRDtLSTN ( 0 ) ; 




81 


2 




DMA«WRD«L8TN ( 0 ) -8HR ( DMA«WRD«L8TN ( 0 ) * 8 ) ; 




82 


2 




OUTPUT (START»HI)-DMA*WRD»LSTN<0); 




83 


2 




OUTPUT ( COUNTfLO ) -TCtLO; 




84 


2 




OUTPUT ( COUNTSH I ) -TC «H I ; 




89 


2 




OUTPUT (8TATU8«2)»DMA«REQ«Li 




86 


2 




END LISTENtEXEC; 




87 


1 


PRINTER: PROCEDURE! 




88 


2 




I-O; 




89 


2 




DO WHILE PRItBUFd) OCRLF; 




90 


3 




CALL CO (PRUBUFd)); 




91 


3 




I-I+l; 




92 


3 




END; 




93 


2 




CALL CO (PRUBUFd)); 




94 


2 




END PRINTER; 
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99 


1 


AD8C4EXEC: 


PROCEDURE; 




96 


2 


TA«OR*LA« I NPUT < ADDR«STATUS ) i 




97 


2 


IF 


(TA40R1ILA AND TALK)«TALK THEN 




98 


2 




CALL TALKtEXECj 




99 


2 


IF 


(TA^ORilLA AND L I STEN > «L I STEN THEN 




100 


2 




CALL LISTENHEXEC; 




101 


2 


END 


ADSC«EXECi 




102 


1 


OET^EXEC: 


PROCEDURE; 




103 


2 




DO 1*0 TO 10; 




104 


3 




CALL CO (OET^MSOd) >; 




109 


3 




END; 




106 


2 


END 


OET^EXEC; 




107 


1 


DEC«EXEC: 


PROCEDURE; 




108 


2 




DO I«0 TO 19; 




109 


3 




CALL CO (DEC«li80(I) ); 




110 


3 




END; 




111 


2 


END 


DEC«EXEC; 




112 


1 


REMC^EXEC: 


PROCEDURE; 




1 1*3 


2 




DO I«0 TO 9; 




114 


3 




CALL CO (REMC«I180(I> >; 




119 


3 




END; 






2 


END 


RENC«EXEC; 




117 


1 


PPOLL^CON: 


PROCEDURE; 




118 


2 


OUTPUT ( COMMANDfMOD ) «PPOLL»CNFO»FLAOi 




119 


2 


END 


PPOLL^CON; 




120 


1 


PPOLL»EN: 


PROCEDURE; 




121 


2 


PPOLL»EN*BYTE«(UDC AND 6FH)} 




^ 122 


2 


OUTPUT ( COMMAND«MOO ) »PPOLL«EN«BYTEi 




123 


2 


END 


PPOLL«EN; 




124 


1 


CPT»EXEC: 


PROCEDURE; 




129 


2 




DO I-O TO 21; 




126 


3 




CALL CO (CPT«MSO(I) >; 




127 


3 




END; 




128 


2 




UDC- INPUT (CPTtlREO); 




129 


2 




UDC«(UDC AND 7FH>; 




130 


2 




IF <UDC AND PPC)«PPC THEN 




131 


2 




CALL PPOLL»CON; 




132 


2 




IF <UDC AND PPE»MASK)«PPEtMASK THEN 




133 


2 




CALL PPOLLtEN; 
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134 


2 




END CPT^EXECi 








/* 










BEOIN CODE 








♦/ 






135 


1 


INIT: 










OUTPUT (CLEAR^FF) -CLEAR; 




136 




OUTPUT (COMMANDtMOD) -RESETi 




137 


} 


OUTPUT ( ADDR^STATUS ) -MODE* 1 ; 




138 




OUTPUT (ADDR*0) -MLAi 




139 




OUTPUT <STATUS»2) -NO^DMAi 




140 


1 


OUTPUT <COMMAND»MOD) -PONi 




141 


1 


LISTENERS: 








/« 


response to listeners check ♦/ 








DO 


WHILE (INPUT (STATUStl) AND BI)«Oi 




142 


2 


END) 




143 


1 


XY2 


-INPUT (PORT»IN)i 




144 


1 


XYZ- INPUT (STATUS*2)i 




149 


1 


CMD: 










RDSTAT: 










/» 


read status registers and interpret command */ 








STATl-INPUT (STATUS»1)J 




146 


1 


STAT2« INPUT (STATUS»2)i 




147 


1 


IF 


(8TAT1 AND DNE)-DNE THEN 




148 


1 




CALL PRINTER) 




149 


1 


IF 


(STATl AND CPT)-CPT THEN 




190 


1 




DO; 




191 


2 




CALL CPT»EXECi 




192 


2 




STAT2-<STAT2 AND OFEH); 




193 


2 




ENDi 




194 


1 


IF 


(STATl AND OET)«OET THEN 




199 


1 




DO; 




196 


2 




CALL GETtEXECi 




197 


2 




STAT2-(STAT2 AND OFEH); 




198 


2 




END; 




199 


1 


IF 


(STATl AND DEC) -DEC THEN 




160 


1 




DO; 




161 


2 




CALL DEC«EXEC; 




162 


2 




STAT2«(STAT2 AND OFEH)i 




163 


2 




ENDi 




164 


1 


IF 


(STAT2 AND REMO-REMC THEN 




169 


1 




DO; 




166 


2 




CALL REMC«EXECj 




167 


2 




STAT2«(STAT2 AND OFEH); 




168 


2 




ENDi 




169 


1 


IF 


(STAT2 AND ADSO-ADSC THEN 
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170 1 DO; 

171 2 CALL AOSC»EXEC; 

172 2 STAT2-<8TAT2 AND OFEH)i 

173 2 END; 




174 1 CALL Cli 






179 1 GOTO CMDi 






176 1 ENDi 






MODULE INFORMATION: 






CODE AREA SIZE « 0475H 
CONSTANT AREA SIZE » OOOOM 
VARIABLE AREA SIZE « 006 IH 
MAXIMUM STACK SIZE - OOOAH 
349 LINES READ 
0 PROGRAM ERROR (S) 


1141D 
OD 
97D 
lOD 




END OF PL/M-B6 COMPILATION 
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INTRODUCTION 

The Intel® 8292 is a preprogrammed UPITM.41A that 
implements the Controller function of the IEEE Std 
488-1978 (GPIB, HP-IB, lEC Bus, etc.). In order to 
function the 8292 must be used with the 8291 Talker/ 
Listener and suitable interface and transceiver logic 
such as a pair of Intel 8293s. In this configuration the 
system has the potential to be a complete GPIB Con- 
troller when driven by the appropriate software. It has 
the following capabilities: System Controller, send IPC 
and Take Charge, send REN, Respond to SRQ, send 
Interface messages, Receive Control, Pass Control, Par- 
allel Poll and Take Control Synchronously. 

This application note will explain the 8292 only in the 
system context of an 8292, 8291, two 8293s and the 
driver software. If the reader wishes to learn more 
about the UPI-41A aspects of the 8292, Intel's Applica- 
tion Note AP-41 describes the hardware features and 
programming characteristics of the device. Additional 
information on the 8291 may be obtained in the data 
sheet. The 2893 is detailed in its data sheet. Both chips 
will be covered here in the details that relate to the 
GPIB controller. 

The next section of this application note presents an 
overview of the GPIB in a tutorial, but comprehensive 
nature. The knowledgeable reader may wish to skip this 
section; however, certain basic semantic concepts intro- 
duced there will be used throughout this note. 

Additional sections cover the view of the 8292 from the 
CPU's data bus, the interaction of the 3 chip types 
(8291, 8292, 8293), the 8292's software protocol and 
the system level hardware/software protocol. A brief 
description of interrupts and DMA will be followed by 
an application example. Appendix A contains the 
source code for the system driver software. 



GPIB/IEEE 488 OVERVIEW 



Design Objectives 

WHAT IS THE IEEE 488 (GPIB)? 

The experience of designing systems for a variety of 
applications in the early 1970's caused Hewlett-Pack- 
ard to define a standard intercommunication mecha- 
nism which would allow them to easily assemble instru- 
mentation systems of varying degrees of complexity. In 
a typical situation each instrument designer designed 
his/her own interface from scratch. Each one was in- 
consistent in terms of electrical levels, pin-outs on a 
connector, and types of connectors. Every time they 



built a system they had to invent new cables and new 
documentation just to specify the cabling and intercon- 
nection procedures. 

Based on this experience, Hewlett-Packard began to de- 
fine a new interconnection scheme. They went further 
than that, however, for they wanted to specify the typi- 
cal communication protocol for systems of instruments. 
So in 1972, Hewlett-Packard came out with the first 
version of the bus which since has been modified and 
standardized by a committee of several manufacturers, 
coordinated through the IEEE, to perfect what is now 
known as the IEEE 488 Interface Bus (also known as 
the HPIB, the GPIB and the lEC bus). While this bus 
specification may not be perfect, it is a good compro- 
mise of the various desires and goals of instrumentation 
and computer peripheral manufacturers to produce a 
common interconnection mechanism. It fits most in- 
strumentation systems in use today and also fits very 
well the microcomputer I/O bus requirements. The ba- 
sic design objectives for the GPIB were to: 

1) Specify a system that is easy to use, but has all of the 
terminology and the definitions related to that sys- 
tem precisely spelled out so that everyone uses the 
same language when discussing the GPIB. 

2) Define all of the mechanical, electrical, and function- 
al interface requirements of a system, yet not define 
any of the device aspects (they are left up to the 
instrument designer). 

3) Permit a wide range of capabilities of instruments 
and computer peripherals to use a system simulta- 
neously and not degrade each other's performance. 

4) Allow different manufacturers' equipment to be con- 
nected together and work together on the same bus. 

5) Define a system that is good for limited distance in- 
terconnections. 

6) Define a system with minimum restrictions on per- 
formance of the devices. 

7) Define a bus that allows asynchronous communica- 
tion with a wide range of data rates. 

8) Define a low cost system that does not require exten- 
sive and elaborate interface logic for the low cost 
instruments, yet provides higher capability for the 
higher cost instruments if desired. 

9) Allow systems to exist that do not need a central 
controller; that is, communication directly from one 
instrument to another is possible. 

Although the GPIB was originally designed for instru- 
mentation systems, it became obvious that most of 
these systems would be controlled by a calculator or 
computer. With this in mind several modifications were 
made to the original proposal before its final adoption 
as an international standard. Figure 1 Hsts the salient 
characteristics of the GPIB as both an instrumentation 
bus and as a computer I/O bus. 
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Data Rate 

IM bytes/s, max 

250k bytes/s, typ 
Multiple Devices 

15 devices, max (electrical limit) 

8 devices, typ (interrupt flexibility) 
Bus Length 

20 m, max 

2 m/device, typ 
Byte Oriented 

8-bit commands 

8-bit data 
Block Multiplexed 

Optimum strategy on GPIB due to 
setup overhead for commands 
Interrupt Driven 

Serial poll (slower devices) 

Parallel poll (faster devices) 
Direct Memory Access 

One DMA facility at controller 
serves all devices on bus 
Asynchronous 

One talker 



^, , . , , 3-wire handshake 

Multiple listeners 

I/O to I/O Transfers 

Talker and listeners need not 

include microcomputer/controller 



Figure 1. Major Characteristics of GPIB as 
i\/licrocomputer I/O Bus 

The bus can be best understood by examining each of 
these characteristics from the viewpoint of a general 
microcomputer I/O bus. 

Data Rate — Most microcomputer systems utilize pe- 
ripherals of differing operational rates, such as floppy 
discs at 31k or 62k bytes/s (single or double density), 
tape cassettes at 5k to 10k bytes/s, and cartridge tapes 
at 40k to 80k bytes/s. In general, the only devices that 
need high speed I/O are 0.5" (1.3-cm) magnetic tapes 
and hard discs, operational at 30k to 781k bytes/s, re- 
spectively. Certainly, the 250k-bytes/s data rate that 
can be easily achieved by the IEEE 488 bus is sufficient 
for microcomputers and their peripherals, and is more 
than needed for typical analog instruments that take 
only a few readings per second. The IM-byte/s maxi- 
mum data rate is not easily achieved on the GPIB and 



requires special attention to considerations beyond the 
scope of this note. Although not required, data buffer- 
ing in each device will improve the overall bus perform- 
ance and allow utilization of more of the bus band- 
width. 

Multiple Devices — Many microcomputer systems used 
as computers (not as components) service from three to 
seven peripherals. With the GPIB, up to 8 devices can 
be handled easily by 1 controller; with some slowdown 
in interrupt handling, up to 15 devices can work togeth- 
er. The limit of 8 is imposed by the number of unique 
parallel poll responses available; the limit of 15 is set by 
the electrical drive characteristics of the bus. Logically, 
the IEEE 488 Standard is capable of accommodating 
more device addresses (31 primary, each potentially 
with 31 secondaries). 

Bus Length — Physically, the majority of microcomput- 
er systems fit easily on a desk top or in a standard 19" 
(48-cm) rack, eliminating the need for extra long ca- 
bles. The GPIB is designed typically to have 2m of 
length per device, which accommodates most systems. 
A line printer might require greater cable lengths, but 
this can be handled at the lower speeds involved by 
using extra dummy terminations. 

Byte Oriented — ^The 8-bit byte is almost universal in 
I/O applications; even 16-bit and 32-bit computers use 
byte transfers for most peripherals. The 8-bit byte 
matches the ASCII code for characters and is an inte- 
gral submultiple of most computer word sizes. The 
GPIB has an 8-bit wide data path that may be used to 
transfer ASCII or binary data, as well as the necessary 
status and control bytes. 

Block Multiplexed — Many peripherals are block orient- 
ed or are used in a block mode. Bytes are transferred in 
a fixed or variable length group; then there is a wait 
before another group is sent to that device, e.g., one 
sector of a floppy disc, one line on a printer or type 
punch, etc. The GPIB is, by nature, a block multi- 
plexed bus due to the overhead involved in addressing 
various devices to talk and listen. This overhead is less 
bothersome if it only occurs once for a large number of 
data bytes (once per block). This mode of operation 
matches the needs of microcomputers and most of their 
peripherals. Because of block multiplexing, the bus 
works best with buffered memory devices. 

Interrupt Driven — Many types of interrupt systems ex- 
ist, ranging from complex, fast, vectored/priority net- 
works to simple polling schemes. The main tradeoff is 
usually cost versus speed of response. The GPIB has 
two interrupt protocols to help span the range of appli- 
cations. The first is a single service request (SRQ) line 
that may be asserted by all interrupting devices. The 
controller then polls all devices to find out which wants 
service. The polling mechanism is well defined and can 
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be easily automated. For higher performance, the paral- 
lel poll capability in the IEEE 488 allows up to eight 
devices to be polled at once — each device is assigned to 
one bit of the data bus. This mechanism provides fast 
recognition of an interrupting device. A drawback is 
the frequent need for the controller to expHcitly con- 
duct a parallel poll, since there is no equivalent of the 
SRQ line for this mode. 



Asynchronous Transfers — An asynchronous bus is de- 
sirable so that each device can transfer at its own rate. 
However, there is still a strong motivation to buffer the 
data at each device when used in large systems in order 
to speed up the aggregate data rate on the bus by allow- 
ing each device to transfer at top speed. The GPIB is 
asynchronous and uses a special 3-wire handshake that 
allows data transfers from one talker to many Hsteners. 



Direct Memory Access (DMA) — In many applications, 
no immediate processing of I/O data on a byte-by-byte 
basis is needed or wanted. In fact, programmed trans- 
fers slow down the data transfer rate unnecessarily in 
these cases, and higher speed can be obtained using 
DMA. With the GPIB, one DMA facility at the con- 
troller serves all devices. There is no need to incorpo- 
rate complex logic in each device. 



I/O to I/O Transfers — In practice, I/O to I/O transfers 
are seldom done due to the need for processing data 
and changing formats or due to mismatched data rates. 
However, the GPIB can support this mode of operation 
where the microcomputer is neither the talker nor one 
of the listeners. 
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IFC (INTERFACE CLEAR) 
ATN (ATTENTION) 
SRQ (SERVICE REQUEST) 
REN (REMOTE ENABLE) 
EOl (END-OR-IDENTIFY) 



Figure 2. Interface Capabilities and Bus iStructure 
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GPIB Signal Lines 

DATA BUS 

The lines DIOl through DI08 are used to transfer ad- 
dresses, control information and data. The formats for 
addresses and control bytes are defined by the IEEE 
488 standard (see Appendix C). Data formats are unde- 
fined and may be ASCII (with or without parity) or 
binary. DlOl is the Least Significant bit (note that this 
will correspond to bit 0 on most computers). 

MANAGEMENT BUS 

ATN — ^Attention. This signal is asserted by the Con- 
troller to indicate that it is placing an address or con- 
trol byte on the Data Bus. ATN is de-asserted to allow 
the assigned Talker to place status or data on the Data 
Bus. The Controller regains control by reasserting 
ATN; this is normally done synchronously with the 
handshake to avoid confusion between control and data 
bytes. 

EOI—Bnd or Identify. This signal has two uses as its 
name implies. A talker may assert EOI simultaneously 
with the last byte of data to indicate end of data. The 
Controller may assert EOI along with ATN to initiate a 
Parallel Poll. Although many devices do not use Paral- 
lel Poll, all devices should use EOI tp end transfers 
(many currently available ones do not). 

SRQ — Service Request. This line is like an interrupt: it 
may be asserted by any device to request the Controller 
to take some action. The Controller must determine 
which device is asserting SRQ by conducting a Serial 
Poll at its earliest convenience. The device deasserts 
SRQ when polled. 

IPC — Interface Clear. This signal is asserted only by 
the System Controller in order to initiaUze all device 
interfaces to a known state. After deasserting IPC, the 
System Controller is the active controller of the system. 

REN — Remote Enable. This signal is asserted only by 
the System Controller. Its assertion does not place de- 
vices into Remote Control mode; REN only enables a 
device to go remote when addressed to listen. When in 
Remote, a device should ignore its front panel controls. 

TRANSFER BUS 

NRFD— Not Ready For Data. This handshake Une is 
asserted by a Hstener to indicate it is not yet ready for 
the next data or control byte. Note that the Controller 
will not see NRFD deasserted (i.e., ready for data) until 
all devices have deasserted NRFD. 



NDAC — Not Data Accepted. This handshake line is as- 
serted by a Listener to indicate it has not yet accepted 
the data or control byte on the DIO lines. Note that the 
Controller will not see NDAC deasserted (i.e., data ac- 
cepted) until all devices have deasserted NDAC. 

DA V — Data Valid. This handshake line is asserted by 
the Talker to indicate that a data or control byte has 
been placed on the DIO lines and has had the minimum 
specified settling time. 
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Figure 3. GPIB Handshake Sequence 



GPIB Interface Functions 

There are ten (10) interface functions specified by the 
IEEE 488 standard. Not all devices will have all func- 
tions and some may only have partial subsets. The ten 
functions are summarized below with the relevant sec- 
tion number from the IEEE document given at the be- 
ginning of each paragraph. For further information 
please see the IEEE standard. 

1) SH — Source Handshake (section 2.3). This func- 
tion provides a device with the ability to properly 
transfer data from a Talker to one or more Listen- 
ers using the three handshake lines. 

2) AH — Acceptor Handshake (section 2.4). This func- 
tion provides a device with the ability to properly 
reteive data from the Talker using the three hand- 
shake lines. The AH function may also delay the 
beginning (NRFD) or end (NDAC) of any transfer. 

3) T — ^Talker (section 2.5). This function allows a de- 
vice to send status and data bytes when addressed 
to talk. An address consists of one (Primary) or two 
(Primary and Secondary) bytes. The latter is called 
an extended Talker. 
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4) L — Listener (section 2.6). This function allows a 
device to receive data when addressed to listen. 
There can be extended Listeners (analogous to ex- 
tended Talkers above). 

5) SR — Service Request (section 2.7). This function 
allows a device to request service (interrupt) the 
Controller. The SRQ line may be asserted asyn- 
chronously. 

6) -Remote Local (section 2.8). This function al- 
lows a device to be operated in two modes; Remote 
via the GPIB or Local via the manual front panel 
controls. 

7) PP— Parallel Poll (section 2.9). This function al- 
lows a device to present one bit of status to the 
ControUer-in-charge. The device need not be ad- 
dressed to talk and no handshake is required. 

8) Z)C— Device Clear (section 2.10). This function al- 
lows a device to be cleared (initialized) by the Con- 
troller. Note that there is a difference between DC 
{device clear) and the IFC line {interface clear). 

9) Z)r— Device Trigger (section 2.11). This function 
allows a device to have its basic operation started 
either individually or as part of a group. This capa- 
bility is often used to synchronize several instru- 
ments. 

10) C— Controller (section 2.12). This function allows 
a device to send addresses, as well as universal and 
addressed commands to other devices. There may 
be more than one controller on a system, but only 
one may be the controUer-in-charge at any one 
time. 

At power-on time the controller that is hardwired to be 
the System Controller becomes the active controUer-in- 
charge. The System Controller has several unique capa- 
bilities including the ability to send Interface Clear 
(IFC — clears all device interfaces and returns control 
to the System Controller) and to send Remote Enable 
(REN — allows devices to respond to bus data once they 
are addressed to listen). The System Controller may 
optionally Pass Control to another controller, if the sys- 
tem software has the capability to do so. 



GPIB Connector 

The GPIB connector is a standard 24-pin industrial 
connector such as Cinch or Amphenol series 57 Micro- 
Ribbon. The IEEE standard specifies this connector, as 
well as the signal connections and the mounting hard- 
ware. 

The cable has 16 signal lines and 8 ground lines. The 
maximum length is 20 meters with no more than two 
meters per device. 
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Figure 4. GPIB Connector 



GPIB Signal Levels 

The GPIB signals are all TTL compatible, low true 
signals. A signal is asserted (true) when its electrical 
voltage is less than 0.5 volts and is deasserted (false) 
when it is greater than 2.4 volts. Be careful not to be- 
come confused with the two handshake signals, NRFD 
and NDAC which are also low true (i.e. > 0.5 volts 
implies the device is Not Ready For Data). 

The Intel 8293 GPIB transceiver chips ensure that all 
relevant bus driver/receiver specifications are met. De- 
tailed bus electrical specifications may be found in Sec- 
tion 3 of the IEEE Std 488-1978. The Standard is the 
ultimate reference for all GPIB questions. 



GPIB Message Protocols 

The GPIB is a very flexible communications medium 
and as such has many possible variations of protocols. 
To bring some order to the situation, this section will 
discuss a protocol similar to the one used by Ziatech's 
ZT80 GPIB controller for Intel's MULTIBUS™ com- 
puters. The ZT80 is a complete high-level interface 
processor that executes a set of high level instructions 
that map directly into GPIB actions. The sequences of 
commands, addresses and data for these instructions 
provide a good example of how to use the GPIB (addi- 
tional information is available in the ZT80 Instruction 
Manual). The 'null* at the end of each instruction is for 
cosmetic use to remove previous information from the 
DIG lines. 
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DA TA — Transfer a block of data from device A to de- 
vices B, C . . . 

1) Device A Primary (Talk) Address 
Device A Secondary Address (if any) 

2) Universal Unlisten 

3) Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
Device C Primary (Listen) Address 
etc. 

4) First Data Byte 
Second Data Byte 



Last Data Byte (EOI) 
5) Null 

TRIOR — Trigger devices A, B ... to take action 

1) Universal Unlisten 

2) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 

3) Group Execute Trigger 

4) Null 

PSCTL-^Fass control to device A 

1) Device A Primary (Talk) Address 
Device A Secondary Address (if any) 

2) Talk Control 

3) Null 

CLEAR-— CleaT all devices 

1) Device Clear 

2) Null 

REMAL^RemotQ Enable 
1) Assert REN continuously 

GOREM—Fut devices A, B, . . . into Remote 

1) Assert REN continuously 

2) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 

3) Null 

GOLOC— Put devices A, B, . . . into Local 

1) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 



2) Go To Local 

3) Null 

LOCAL — Reset all devices to Local 
1) Stop asserting REN 

LLKAL — Prevent all devices from returning to Local 

1) Local Lock Out 

2) Null 

SPOLL — Conducts a serial poll of devices A, B, . . . 

1) Serial Poll Enable 

2) Universal Unlisten 

3) ZT 80 Primary (Listen) Address 
ZT 80 Secondary Address 

4) Device Primary (Talk) Address 
Device Secondary Address (if any) 

5) Status byte from device 

6) Go to Step 4 until all devices on list have been polled 

7) Serial Poll Disable 

8) Null 

PPUAL — Unconfigure and disable Parallel Poll re- 
sponse from all devices 

1) Parallel Poll Unconfigure 

2) Null 

£7V/4PP— Enable Parallel Poll response in devices A, B, 

1) Universal Unlisten 

2) Device Primary (Listen) Address 
Device Secondary Address (if any) 

3) Parallel Poll Configure 

4) Parallel Poll Enable 

5) Go to Step 2 until all devices on list have been con- 
figured. 

6) Null 

DISPP — Disable Parallel Poll response from devices A, 
B, . . . 

1) Universal Unlisten 

2) Device A Primary (Listen) Address 
Device A Secondary Address (if any) 
Device B Primary (Listen) Address 
Device B Secondary Address (if any) 
etc. 

3) Disable Parallel Poll 

4) Null 

This Ap Note will detail how to implement a useful 
subset of these controller instructions. 
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HARDWARE ASPECTS OF THE 
SYSTEM 

8291 GPIB Talker/Listener 

The 8291 is a custom designed chip that implements 
many of the non-controller GPIB functions. It provides 
hooks so the user's software can implement additional 
features to complete the set. This chip is discussed in 
detail in its data sheet. The major features are summa- 
rized here: 

— Designed to interface microprocessors to the GPIB 

— Complete Source and Acceptor Handshake 

— Complete Talker and Listener Functions with ex- 
tended addressing 

— Service Request, Parallel Poll, Device Clear, Device 
Trigger, Remote/Local functions 

— Programmable data transfer rate 

— Maskable interrupts 

— On-chip primary and secondary address recognition 

— 1-8 MHz clock range 

— 16 registers (8 read, 8 write) for CPU interface 

— DMA handshake provision 

— Trigger output pin 

— On-chip EOS (End of Sequence) 

The pinouts and block diagram are shown in Figure 5. 
One of eight read registers is for data transfer to the 
CPU; the other seven allow the microprocessor to mon- 
itor the GPIB states and various bus and device condi- 
tions. One of the eight write registers is for data transfer 



from the CPU; the other seven control various features 
of the 8291. 

The 8291 interface functions will be software config- 
ured in this application example to the following sub- 
sets for use with the 8292 as a controller that does not 
pass control. The 8291 is used only to provide the 
handshake logic and to send and receive data bytes. It 
is not acting as a normal device in this mode, as it never 
sees ATN asserted. 

SHI 
AHl 
T3 
LI 
SRO 
RLO 
PPO 
DCO 
DTO 



Source Handshake 
Acceptor Handshake 
Basic Talk-Only 
Basic Listen-Only 
No Service Requests 
No Remote/Local 
No Parallel Poll Response 
No Device Clear 
No Device Trigger 



If control is passed to another controller, the 8291 must 
be reconfigured to act as a talker/listener with the fol- 
lowing subsets: 

SHI Source Handshake 

AHl Acceptor Handshake 

T5 Basic Talker and Serial Poll 

L3 Basic Listener 

SRI Service Requests 

RLl Remote/Local with Lockout 

PP2 Reconfigured Parallel Poll 

DCl Device Clear 

DTI Device Trigger 

CO Not a Controller 



Pin Configuration 
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Figure 5. 8291 Pin Configuration and Blocic Diagram 
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Most applications do not pass control and the control- 
ler is always the system controller (see 8292 commands 
below). 



8292 QPIB Controller 

The 8292 is a preprogrammed Intel 8051 A that pro- 
vides the additional functions necessary to implement a 
GPIB controller when used with an 8291 Talker/Lis- 
tener. The 8041 A is documented in both a user*s manu- 
al and in AP-41. The following description will serve 
only as an outline to guide the later discussion. 

The 8292 acts as an intelligent slave processor to the 
main system CPU. It contains a processor, memory, 
I/O and is programmed to perform a variety of tasks 
associated with GPIB controller operation. The on-chip 
RAM is used to store information about the state of the 
Controller function, as well as a variety of local vari- 
ables, the stack and certain user status information. 
The timer/counter may be optionally used for several 
time-out functions or for counting data bytes trans- 
ferred. The I/O ports provide the GPIB control signals, 
as well as the ancillary' lines necessary to make the 
8291, 2, 3 work together. 

The 8292 is closely coupled to the main CPU through 
three on-chip registers that may be independently ac- 
cessed by both the master and the 8292 (UPI-41A). 
Figure 6 shows this Register Interface. Also refer to 
Figure 12. 



The status register is used to pass Interrupt Status in- 
formation to the master CPU (AO = 1 on a read). 

The DBBOUT register is used to pass one of five other 
status words to the master based on the last command 
written into DBBIN. DBBOUT is accessed when AO 
= 0 on a Read. The five status words are Error Flag, 
Controller Status, GPIB Status, Event Counter Status 
or Time Out Status. 

DBBIN receives either commands (AO = 1 on a Write) 
or command related data (AO = 0 on a write) from the 
master. These command related data are Interrupt 
Mask, Error Mask, Event Counter or Time Out. 



8293 GPIB Transceivers 

The 8293 is a multi-use HMOS chip that implements 
the IEEE 488 bus transceivers and contains the addi- 
tional logic required to make the 8291 and 8292 work 
together. The two option strapping pins are used to 
internally configure the chip to perform the specialized 
gating required for use with 8291 as a device or with 
8291/92 as a controller. 

In this application example the two configurations used 
are shown in Figure 7a and 7b. The drivers are set to 
open collector or three state mode as required and the 
special logic is enabled as required in the two modes. 
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Figure 6. UPI-41 A Registers 
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a. 8293 Mode 2 
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Figure 7 



8291/2/3 Chip Set 

Figure 8 shows the four chips interconnected with the 
special logic explicitly shown. 

The 8291 acts only as the mechanism to put commands 
and addresses on the bus while the 8292 is asserting 
ATN. The 8291 is tricked into believing that the ATN 
line is not asserted by the ATN2 output of the ATN 
transceiver and is placed in Talk-only mode by the 
CPU. The 8291 then acts as though it is sending data, 
when in reality it is sending addresses and/or com- 
mands. When the 8292 deasserts ATN, the CPU soft- 
ware must place the 8291 in Talk-only, Listen-only or 
Idle based on the implicit knowledge of how the con- 
troller is going to participate in the data transfer. In 
other words, the 8291 does not respond directly to ad- 
dresses or commands that it sends on the bus on behalf 
of the Controller. The user software, through the use of 
Listen-only or Talk-only, makes the 8291 behave as 
though it were addressed. 



Although it is not a common occurrence, the GPIB 
specification allows the Controller to set up a data 
transfer between two devices and not directly partici- 
pate in the exchange. The controller must know when 
to gp active again and regain control. The chip set ac- 
complishes this through use of the "Continuous Accep- 
tor Handshake cycling mode*' and the abihty to detect 
EOI or EOS at the end of the transfer. See XFER in the 
Software Driver Outline below. 

If the 8292 is not the System Controller as determined 
by the signal on its SYC pin, then it must be able to 
respond to an IFC within 100 jusec. This is accom- 
pUshed by the cross-coupled NORs in Figur e 7a which 
deassert the 8293's internal version of CIC (Not Con- 
troUer-in-Charge). This condition is latched until the 
8292's firmware has received the IF CL (int erface clear 
received latch) signal by testing the IFCL input. The 
firmware then sets its signals to reflect the inactive con- 
dition and clears the 8293's latch. 
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Figure 8. Talker/Listener/Controller 
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In order for the 8292 to conduct a Parallel Poll the 
8291 must be able to capture the PP response on the 
DIO lines. The only way to do this is to fool the 8291 
by putting it into Listen-only mode and generating a 
DAV condition. However, the bus spec does not allow 
a DAV during Parallel Poll, so the back-to-back 3-state 
buffers (see Figure 7b) in the 8293 isolate the bus and 
allow the 8292 to generate a local DAV for this pur- 
pose. Note that the 8291 cannot assert a Parallel Poll 
response. When the 8292 is not the controUer-in-charge 
the 8291 may respond to PPs and the 8293 guarantees 
that the DIO drivers are in "open collector" mode 
through the OR gate (Figure 7b). 



Figure 9 shows the card's block diagram. The 
ZT7488/18 plugs into the STD bus, a 56 pin 8 bit mi- 
croprocessor oriented bus. An 8085 CPU card is also 
available on the STD bus and will be used to execute 
the driver software. 

The 8291 uses I/O Ports 60H to 67H and the 8292 uses 
I/O Ports 68H and 69H. The five interrupt lines are 
connected to a three-state buffer at I/O Port 6FH to 
facilitate polling operation. This is required for the 
TCI, as it cannot be read internally in the 8292. The 
other three 8229 lines (SPI, IBF, OBF) and the 829 rs 
INT line are also connected to minimize the number of 
I/O reads necessary to poll the devices. 



ZT7488/18 GPIB Controller 

Ziatech's GPIB Controller, the ZT7488/18 will be used 
as the controller hardware in this Application Note. 
The controller consists of an 8291, 8292, an 8 bit input 
port and TTL logic equivalent to that shown in Figure 8. 



NDAC is connected to COUNT on the 8292 to allow 
byte counting on data transfers. The example driver 
software will not use this feature, as the software is 
simpler and faster if an internal 8085 register is used for 
counting in software. 
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Figure 9. ZT7488/18 GPIB Controller 
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BO 


Bl 


61 H 


CPT 


APT 


GET 


END 


□EC 


ERR 


BO 


Bl 1 






INTERRUPT STATUS 1 












INTERRUPT MASK 1 






1 INT 


SPAS 


LLO 


REM 


8PA8C 


LLOC 


REMC 


AD8C 


62H 


0 




□MAO 


□MAI 


8PA8C 


LLOC 


remc|a^8c| 






INTERRUPT STATUS 2 












INTERRUPT MASK 2 






1 S8 


3RQS 


86 


85 


84 


83 


S2 


81 


63H 


88 


rsv 


86 


85 


S4 


S3 




S1 1 






SERIAL POLL STATUS 












SERIAL POLL MODE 






1 ton 


Ion 


EOl 


LPA8 


TPA8 


LA 


TA 


MJMN 


64H 


TO 


LO 




0 


0 


0 


a^mi|a^mo| 






ADDRESS STATUS 












ADDRESS MODE 






|CPT7 


CPT6 


CPT5|CPT4 


CPT3 


CPT2 


CPU 


CPTO 


65H 


CNT2|CNT1 


ONTO |C0M4| COM3 |C0M2 


COMl|COM0| 




COMMAND PASS THROUGH 












AUX MODE 








1 X 


DTO 


DLO |aD5-0| AD4-0 


AD3-0 


AD2.0 


AD1-0 


66H 


ARS 


□T 


□L 


ADS 


A^4 


AD3 


AD2 


A01 1 








ADDRESS 0 
















ADDRESS 0/1 






1 X 


DT1 


DL1 


AD5-1 


AD4.1 


AD3-1 


AD2-1 


AD1-1 


67H 


EC7 


EC6 


ECS 


EC4 


EC3 


EC2 


EC1 


ECO 1 








ADDRESS 1 
















EOS 









Figure 10. 8291 Registers 
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RESET- 



INT" 
D7-D0" 




DREQ SRQ 
DACK REN 
IFC 
NRFO 
8»1 NOAC 
ATN 
EOl 
DAV 
T/R1 
DI01 



RS2 
RSI 
RSO 



DIoJ V 
T/R2 



2^ 



8259-5 ^ 



0 1 2^3 
8205 



8293 
MODE 3 



§ § i 
^ ^ 3 



SRQ 
REN 

IFC 

8292 

COUNT 

CIC 

E0I2 

DAV 

ATNI 

ATNO 

IFCL 

CLTM t 
SYC CS 



RD WR 
2142 



AO oss^S 




Figure 11. DiyiA/lnterrupt GPIB Controller Block Diagram 
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The application example will not use DMA or inter- 
rupts; however, the Figure 11 block diagram includes 
these features for completeness. 

The 8257-5 DMA chip can be used to transfer data 
between the RAM and the 8291 Talker/Listener. This 
mode allows a faster data rate on the GPIB and typical- 
ly will depend on the 829 rs EOS or EOI detection to 
terminate the transfer. The 8259-5 interrupt controller 
is used to vector the five possible interrupts for rapid 
software handling of the various conditions. 



ister. Note the two letter mnemonics to be used in later 
discussions. The CPU must not write into the 8292 
while IBF (Input Buffer Full) is a one, as information 
will be lost. 



Direct Commands 

Both the Interrupt Mask (IM) and the Error Mask 
(EM) register may be directly written with the LSB of 
the address bus (AO) a "0". The firmware uses the MSB 
of the data written to differentiate between IM and EM. 



8292 COIUMAND DESCRIPTION 

This section discusses each command in detail and re- 
lates them to a particular GPIB activity. Recall that 
although the 8041 A has only two read registers and one 
write register, through the magic of on-chip firmware 
the 8292 appears to have six read registers and five 
write registers. These are listed in Figure 12. Please see 
the 8292 data sheet for detailed definitions of each reg- 



LOAD INTERRUPT MASK 

This command loads the Interrupt Mask with D7-D0. 
Note that D7 must be a "1" and that interrupts are 
enabled by a corresponding "1" bit in this register. IFC 
interrupt cannot be masked off; however, when the 
8292 is the System Controller, sending an ABORT 
command will not cause an IFC interrupt. 







READ FROM 8292 

INTERRUPT STATUS 






PORT# 




WRITE TO 8292 

COMMAND FIELD 






1 SYC 


ERR 


SRQ 


EV 


X 


IFCR 


,BF 


OBF 


69H 


hi 1 1 1 


OP 1 C C 


c 


c 1 








ERROR FLAG* 




Do 






INTERRUPT MASK 






1 X 


X 


USER 


X 


X 


TOUT3ITOUT2ITOUT1 


68H 


1 1 |SP1| TCI 


SYC|OBFI IBFI 




SRQ 1 






CONTROLLER STATUS* 






D7 


ERROR MASK 




Do 


|CSBS 


CA 


X 


X 


SYCS 


IFC 


REN 


SRQ 


68H 


1 0 1 0 lUSER 


0 0 TOUT4 TOUT3ITOUT1I 






GPIB (BUS) STATUS* 










EVENT COUNTER* 






1 REN 


DAV 


EOI 


X 


SYC 


IFC 


ANTI 


SRQ 


68H 


|d| D 1 D 


D 1 D 1 D 




0 1 






EVENT COUNTER STATUS* 








TIME OUT* 






1 0 




0 


0 


0 


0 






68H 


1 D D D 


D 1 D 1 D 


D 


D 1 






TIME OUT STATUS* 


















D 


D 


D 


D 


D 


D 


D 


D 


68H 


*Note: These registers are accessed by a special 
utility command. 





























Figure 12. 8292 Registers 
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LOAD ERROR MASK 

This command loads the Error Mask with D7-D0. 
Note that D7 must be a zero and that interrupts are 
enabled by a corresponding "1" bit in this register. 



Utility Commands 

These commands are used to read or write the 8292 
registers that are not directly accessible. All utility 
commands are written with AO = 1, D7 = D6 = D5 
= 1, D4 = 0. D3-D0 specify the particular command. 
For writing into registers the general sequence is: 

1) wait for IBF = 0 in Interrupt Status Register 

2) write the appropriate command to the 8292, 

3) write the desired register value to the 8292 with AO 
= 1 with no other writes intervening, 

4) wait for indication of completion from 8292 (IBF = 
0). 

For reading a register the general sequence is: 

1) wait for IBF = 0 in Interrupt Status Register 

2) write the appropriate command to the 8292 

3) wait for a TCI (Task Complete Interrupt) 

4) Read the value of the accessed register from the 8292 
with AO = 0. 

WEVC— Write to Event Counter 
(Command = 0E2H) 

The byte written following this command will be load- 
ed into the event counter register and event counter 
status for byte counting. The internal counter is incre- 
mented on a high to low transition of the C OUNT (Tl) 
input. In this application example NDAC is connected 
to count. The counter is an 8 bit register and therefore 
can count up to 256 bytes (writing 0 to the EC implies a 
count of 256). If longer blocks are desired, the main 
CPU must handle the interrupts every 256 counts and 
carefully observe the timing constraints. 

Because the counter has a frequency range from 0 to 
133 kHz when using a 6 MHz crystal, this feature may 
not be usable with all devices on the GPIB. The 8291 
can easily transfer data at rates up to 250 kHz and even 
faster with some tuning of the system. There is also a 
500 ns minimum high time requirement for COUNT 
which can potentially be violated by the 8291 in contin- 
uous acceptor handshake mode (i.e., TNDDVl + 
TDVND2 - C = 350 + 350 = 700 max). When 
cable delays are taken into consideration, this problem 
will probably never occur. 



When the 8292 has completed the command, IBF will 
become a "0" and will cause an interrupt if masked on. 

JVTOUT— Write to Time Out Register 
(Command = OEIH) 

The byte written following this command will be used 
to determine the number of increments used for the 
time out functions. Because the register is 8 bits, the 
maximum time out is 256 time increments. This is 
probably enough for most instruments on the GPIB but 
is not enough for a manually stepped operation using a 
GPIB logic analyzer hke Ziatech's ZT488. Also, the 
488 Standard does not set a lower limit on how long a 
device may take to do each action. Therefore, any use 
of a time out must be able to be overridden (this is a 
good general design rule for service and debugging con- 
siderations). 

The time out function is implemented in the 8292*s 
firmware and will not be an accurate time. The counter 
counts backwards to zero from its initial value. The 
function may be enabled/disabled by a bit in the Error 
mask register. When the command is complete IBF will 
be set to a "0" and will cause an interrupt if masked on. 

REVC— Read Event Counter Status 
(Command = 0E3H) 

This command transfers the content of the Event 
Counter to the DBBOUT register. The firmware then 
sets TCI = 1 and will cause an interrupt if masked on. 
The CPU may then read the value from the 8292 with 
AO = 0. 

RINM—Re&d Interrupt Mask Register 
(Command = 0E5H) 

This command transfers the content of the Interrupt 
Mask register to the DBBOUT register. The firmware 
sets TCI = 1 and will cause an interrupt if masked on. 
The CPU may then read the value. 

RERM—Re&d Error Mask Register 
(Command = OEAH) 

This command transfers the content of the Error Mask 
register to the DBBOUT register. The firmware sets 
TCI = 1 and will cause an interrupt if masked on. The 
CPU may then read the value. 

RCST— Read Controller Status Register 
(Command = 0E6H) 
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This command transfers the content of the Controller 
Status register to the DBBOUT register. The firmware 
sets TCI = 1 and will cause an interrupt if masked on. 
The CPU may then read the value. 

RTOUr—RQad Time Out Status Register 
(Command = 0E9H) 

This command transfers the content of the Time Out 
Status register to the DBBOUT register. The firmware 
sets TCI = 1 and will cause an interrupt if masked on. 
The CPU may then read the value. 

If this register is read while a time-out function is in 
process, the value will be the time remaining before 
time-out occurs. If it is read after a time-out, it will be 
zero. If it is read when no time-out is in process, it will 
be the last value reached when the previous timing oc- 
curred. 

RBST—RQSLd Bus Status Register 
(Command = 0E7H) 

This command causes the firmware to read the GPIB 
management lines, DAV and the SYC pin and place a 
copy in DBBOUT. TCI is set to "1" and will cause an 
interrupt if masked on. The CPU may read the value. 

RERF— Read Error Flag Register 
(Command = 0E4H) 

This command transfers the content of the Error Flag 
register to the DBBOUT register. The firmware sets 
TCI = 1 and will cause an interrupt if masked on. The 
CPU may then read the value. 

This register is also placed in DBBOUT by an lACK 
command if ERR remains set. TCI is set to "1" in this 
case also. 

/^C^— Interrupt Acknowledge 
(Command = Al A2 A3 A4 1 A5 1 1) 

This command is used to acknowledge any combina- 
tions of the five SPI interrupts (A1-A5): SYC, ERR, 
SRQ, EV, and IFCR. Each bit A1-A5 is an individual 
acknowledgement to the corresponding bit in the Inter- 
rupt Status Register. The command clears SPI but it 
will be set again if all of the pending interrupts were not 
acknowledged. 

If A2 (ERR) is "1", the Error Flag register is placed in 
DBBOUT and TCI is set. The CPU may then read the 
Error Flag without issuing an RERF command. 



Operation Commands 

The following diagram (Figure 13) is an attempt to 
show the interrelationships among the various 8292 



Operation Commands. It is not meant to replace the 
complete controller state diagram in the IEEE Stan- 
dard. 

Reset (Command = 0F2H) 

This command has the same effect as an external reset 
applied to the chip's pin #4. The 8292's actions are: 

1) All outputs go to their elect rical h igh state. This 
means that SPI, TCI, OBFI, IBFI, CLTH will be 
TRUE and all other GPIB signals will be FALSE. 

2) The 8292's firmware will cause the above mentioned 
five signals to go FALSE after approximately 17.5 
JUS (at 6 MHz). 

3) These registers will be cleared: Interrupt Status, In- 
terrupt Mask, Error Mask, Time Out, Event Coun- 
ter, Error Flag. 

4) If the 8292 is the System Controller (SYC is TRUE), 
then IFC will be sent TRUE for approximately 
100 jus and the Controller function will end up in 
charge of the bus. If the 8292 is not the System Con- 
troller then it will end up in an Idle state. 

5) TCI will not be set. 



(RST+ ABORT) • SYC- 



L3. 



I CONTBOLLER-I N-CHARGE 



|..0»"5yc ► [ tOCt l ^ ^^l .EMOTE [ I 

I I 

I SYSTEM CONTROLLER | 

231324-11 



Figure 13. 8292 Command Flowchart 

RSTI— Reset Interrupts (Command = 0F3) 

This command clears all pending interrupts and error 
flags. The 8292 will stop waiting for actions to occur 
(e.g., waiting for ATN to go FALSE in a TCNTR com- 
mand or waiting for the proper handshake state in a 
TCSY command). TCI will not be set. 

ABORT — Abort all operations and Clear Interface 
(Command = 0F9H) 

If the 8292 is not the System Controller this command 
acts like a NOP and flags a USER ERROR in the Er- 
ror Flag Register. No TCI will occur. 
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If the 8292 is the system Controller then IFC is set 
TRUE for approximately 100 jas and the 8292 becomes 
the ControUer-in-Charge and asserts ATN. TCI will be 
set, only if the 8292 was NOT the CIC. 

5rCA7— Start Counter Interrupts 
(Command = OFEH) 

Enables the EV Counter Interrupt. TCI will not be set. 
Note that the counter must be enabled by a GSEC com- 
mand. 

SPCNI— Stop Counter Interrupts 
(Command = OFOH) 

The 8292 will not generate an EV interrupt when the 
counter reaches 0. Note that the counter will continue 
counting. TCI will not be set. 

S'i^^M—Set Interface to Remote Control 
(Command = 0F8H) 

If the 8292 is the System Controller, it will set REN 
and TCI TRUE. Otherwise it only sets the User Error 
Flag. 

SLOC — Set Interface to Local Mode 
(Command = 0F7H) 

If the 8292 is the System Controller, it will set REN 
FALSE and TCI TRUE. Otherwise, it only sets the 
User Error Flag. 

£XPP— Execute Parallel Poll 
(Command = 0F5H) 

If not Controller-in-Charge, the 8292 will treat this as a 
NOP and does not set TCI. If it is the Controller-in- 
Charge then it sets IDY (EOI & ATN) TRUE and 
generates a local DAV pulse (that never reaches the 
GPIB because of gates in the 8293). If the 8291 is con- 
figured as a listener, it will capture the Parallel Poll 
Response byte in its data register. TCI is not generated, 
the CPU must detect the BI (Byte In) from the 8291. 
The 8292 will be ready to accept another command 
before the BI occurs; therefore the 829 Ts BI serves as a 
task complete indication. 

GTSB—Go To Standby (Command = 0F6H) 

If the 8292 is not the Controller-in-Charge, it will treat 
this command as a NOP and does not set TCI TRUE. 
Otherwise, it goes to Controller Standby State (CSBS), 



sets ATN FALSE and TCI TRUE. This command is 
used as part of the Send, Receive, Transfer and Serial 
Poll System commands (see next section) to allow the 
addressed talker to send data/status. 

If the data transfer does not start within the specified 
Time-Out, the 8292 sets TOUT2 TRUE in the Error 
Flag Register and sets SPI (if enabled). The controller 
continues waiting for a new command. The CPU must 
decide to wait longer or to regain control and take cor- 
rective action. 

GSEC-^Go To Standby and Enable Counting 
(Command = 0F4H) 

This command does the same things as GTSB but also 
initiaUzes the event counter to the value previously 
stored in the Event Counter Register (default value is 
256) and enables the counter. One may wire the count 
input to NDAC to count bytes. When the counter 
reaches zero, it sets EV (and SPI if enabled) in Inter- 
rupt Status and will set EV every 256 bytes thereafter. 
Note that there is a potential loss of count information 
if the CPU does not respond to the EV/SPI before an- 
other 256 bytes have been transferred. TCI will be set 
at the end of the command. 

TCSY—TakQ Control Synchronously 
(Command = OFDH) 

If the 8292 is not in Standby, it treats this command as 
a NOP and does not set TCI. Otherwise, it waits for the 
proper handshake state and sets ATN TRUE. The 8292 
will set TOUT3 if the handshake never assumes the 
correct state and will remain in this command until the 
handshake is proper or a RSTI command is issued. If 
the 8292 successfully takes control, it sets TCI TRUE. 

This is the normal way to regain control at the end of a 
Send, Receive, Transfer or Serial Poll System Com- 
mand. If TCSY is not successful, then the controller 
must try TCAS (see warning below). 

7^45— Take Control Asynchronously 
(Command = OFCH) 

If the 8292 is not in Standby, it treats this command as 
a NOP and does not set TCI. Otherwise, it arbitrarily 
sets ATN TRUE and ECI TRUE. Note that this action 
may cause devices on the bus to lose a data byte or 
cause them to interpret a data byte as a command byte. 
Both Actions can result in anomalous behavior. TCAS 
should be used only in emergencies. If TCAS fails, then 
the System Controller will have to issue an ABORT to 
clean things up. 
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GIDL-^Go to Idle (Command = OFIH) 

If the 8292 is not the Controller in Charge and Active, 
then it treats this command as a NOP and does not set 
TCI. Otherwise, it sets ATN FALSE, becomes Not 
Controller in Charge, and sets TCI TRUE. This com- 
mand is used as part of the Pass Control System Com- 
mand. 

rCTVra— Take (Receive) Control 
(Command = OF AH) 

If the 8292 is not Idle, then it treats this command as a 
NOP and does not set TCI. Otherwise, it waits for the 
current Controller-in-Charge to set ATN FALSE. If 
this does not occur within the specified Time Out, the 
8292 sets TOUTl in the Error Flag Register and sets 
SPI (if enabled). It will not proceed until ATN goes 
false or it receives an RSTI command. Note that the 
Controller in Charge must previously have sent this 
controller (via the 829 1's command pass through regis- 
ter) a Pass Control message. When ATN goes FALSE, 
the 8292 sets CIC, ATN and TCI TRUE and becomes 
Active. 



SOFTWARE DRIVER OUTLINE 

The set of system commands discussed below is shown 
in Figure 14. These commands are implemented in soft- 
ware routines executed by the main CPU. 

The following section assumes that the Controller is the 
System Controller and will not Pass Control. This is a 
valid assumption for 99 + % of all controllers. It also 
assumes that no DMA or Interrupts will be used. SYC 
(System Control Input) should not be changed after 
Power-on in any system — it adds unnecessary complex- 
ity to the CPU's software. 



In order to use polling with the 8292 one must enable 
TCI but not connect the pin to the CPU's interrupt pin. 
TCI must be readable by some means. In this applica- 
tion example it is connected to bit 1 port 6FH on the 
ZT7488/18. In addition, the other three 8292 interrupt 
lines a nd th e 8291 interrupt are also on that port (SPI- 
Bit 2, IBFI-Bit 4, OBFI-Bit 3, 8291 INT-Bit 0). 

These drivers assume that only primary addresses will 
be used on the GPIB. To use secondary addresses, one 
must modify the test for valid talk/listen addresses 
(range macro) to include secondaries. 



INIT INITIALIZATION 



Talker/ Listener 



SEND 


SEND DATA 


RECV 


RECEIVE DATA 


XFER 


TRANSFER DATA 


Controller 




TRIG 


GROUP EXECUTE TRIGGER 


DCLR 


DEVICE CLEAR 


SPOL 


SERIAL POLL 


PPEN 


PARALLEL POLL ENABLE 


PPDS 


PARALLEL POLL DISABLE 


PPUN 


PARALLEL POLL UNCONFIGURE 


PPOL 


PARALLEL POLL 


PCTL 


PASS CONTROL 


RCTL 


RECEIVE CONTROL 


SRQD 


SERVICE REQUESTED 


System Controller 


REME 


REMOTE ENABLE 


LOCL 


LOCAL 


IFCL 


ABORT/INTERFACE CLEAR 



Figure 14. Software Drive Routines 
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Initialization 

8292 — Comes up in Controller Active State when SYC 
is TRUE. The only initialization needed is to enable the 
TCI interrupt mask. This is done by writing OAOH to 
Port 68H. 

8291 — Disable both the major and minor addresses be- 
cause the 8291 will never see the 8292's commands/ad- 
dresses (refer to earlier hardware discussion). This is 
done by writing 60H and OEOH to Port 66H. 

Set Address Mode to Talk-only by writing 80H to Port 
64H. 



Set internal counter to 3 MHz to match the clock input 
coming from the 8085 by writing 23H to Port 65H. 
High speed mode for the handshakes will not be used 
here even though the hardware uses three-state drivers. 

No interrupts will be enabled now. Each routine will 
enable the ones it needs for ease of polling operation. 
The INT bit may be read through Port 6FH. Clear 
both interrupt mask registers. 

Release the chip's initialization state by writing 0 to 
Port 65H. 



INIT: 




Enable-8292 


;Set up In. pins for Port 6FH 


Enable TCI 


;Task complete must be on 


Enable-8291 




Disable major address 


;In controller usage, the 8291 


Disable minor address 


;Is set to talk only and/or listen only 


ton 


;Talk only is our rest state 


Clock frequency 


;3 MHz in this ap note example 


All interrupts off 




Immediate execute pon 


;Releases 8291 from init. state 



Talker/Listener Routines 

SEND DATA 

SEND <listener list pointer> <count> <EOS> <data buffer pointer> 



This system command sends data from the CPU to one 
or more devices. The data is usually a string of ASCII 
characters, but may be binary or other forms as well. 
The data is device-specific. 

My Talk Address (MTA) must be output to satisfy the 
GPIB requirement of only one talker at a time (any 
other talker will stop when MTA goes out). The MTA 
is not needed as far as the 8291 is concerned — it will be 
put into talk-only mode (ton). 



This routine assumes a non-null listener list in that it 
always sends Univeral Unlisten. If it is desired to send 
data to the listeners previously addressed, one could 
add a check for a null list and not send UNL. Count 
must be 255 or less due to an 8 bit register. This routine 
also always uses an EOS character to terminate the 
string output; this could easily be eliminated and rely 
on the count. Items in brackets ( ) are optional and will 
not be included in the actual code in Appendix A. 
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SEND: 

Output-to-8291 MTA, UNL 

Put EOS into 829X 

While 20H <. listener <. 3EH 
output-to-8291 listener 
Increment listen list pointer 

Out put-t 0-8292 GTSB 

Enable-8291 
Output EOI on EOS sent 

If count < > 0 then 
While not (end or count = 0) 
(could check tout 2 here) 
Output-to-8291 data 
Increment data buffer pointer 
Decrement count 

Output-to-8292 TCSY 

(If touts then take control async) 

Enable 8291 
No output EOI on EOS sent 

Return 



;We will talk, nobody listen 
;End of string compare character 
;GPIB listen addresses are 

space" thru ASCII 
;Address all listeners 
;8292 stops asserting ATN, go to standby 

;Send EOI along with EOS character 

;Wait for EOS or end of count 
;Optionally check for stuck bus-tout 2 
;Output all data, one byte at a time 
;8085 GREG will count for us 

;8292 asserts ATN, take control sync. . 
;If unable to take control sync. 
;Restore 8291 to standard condition 





RECV 1 




IN INT1 




SAVE 


IN B 


END? ^S. 




N 


N 






^ B = 


Bl? 




Y 




IN 


DIN 




STAX 


D 




iNX 


D 




DCR 


C 


N 






C C = 


0? ^> 




IN 


DIN 


STAX 


D 


INX 


D 


DCR 









TCSY 
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Figure 15. Flowchart for Receive Ending Conditions 
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CONTROLLER 




8291,8292 




CTLR 


•TALK " 

;;a" .•; 



DEVICE 


LSTN i 


TALK 


"1" 1 


"0" 



DEVICE 




?1'lstn:": 




talk 


"2" r 




"R" 



DEVICE 



LSTN 



TALK 

"K" 



DEVICE 



LSTN 



TALK 

"A" 
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Figure 16. SEND to "1", "2", ">"; "ABCD"; EOS = "D" 



RECEIVE DATA 

RECV <ta\ker> < count > <EOS> < data buffer pointer > 



This system command is used to input data from a 
device. The data is typically a string of ASCII charac- 
ters. 

This routine is the dual of SEND. It assumes a new 
talker will be specified, a count of less than 257, and an 
EOS character to terminate the input. EOI received 
will also terminate the input. Figure 15 shows the flow 
chart for the RECV ending conditions. My Listen Ad- 
dress (MLA) is sent to keep the GPIB transactions 



totally regular to facilitate analysis by a GPIB logic 
analyzer like the Ziatech ZT488. Otherwise, the bus 
would appear to have no listener even though the 8291 
will be listening. 

Note that although the count may go to zero before the 
transmission ends, the talker will probably be left in a 
strange state and may have to be cleared by the control- 
ler. The count ending of RECV is therefore used as an 
error condition in most situations. 
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RECV: 
Put EOS into 8291 
If 40H <. talker ^ 5EH then 

Output-to-8291 talker 
Increment talker pointer 
Output-to-8291 UNL, MLA 
Enable-8291 

Holdoff on end 

End on EOS received 

Ion, reset ton 

Immediate execute pon 
Output-to-8292 GTSB 
While not (end or count = 0 
(or tout2) ) 

Input-from-8291 data 

Increment data buffer pointer 

Decrement count 
(If count = 0 then error) 
Output-to-8292 TCSY 
(If Touts then take control async. 
Enable-8291 

No holdoff on end 

No end on EOS received 

ton, reset Ion 

Finish handshake 

Immediate execute pon 
Return error-indicator 



;End of string compare character 
;GPIB talk addresses are 

thru "A" ASCII 
;Do this for consistency's sake 
;Everyone except us stop listening 

;Stop when EOS character is 
;Detected by 8291 
;Listen only (no talk) 

;8292 stops asserting ATN, go to standby 
;wait for EOS or EOI or end of count 
;optionally check for stuck bus-tout2 
;input data, one byte at a time 

;Use 8085 C register as counter 
;Count should not occur before end 
;8292 asserts ATN take control 
;If unable to take control sync. 
;Put 8291 back as needed for 
;Controller activity and 
;Clear holdoff due to end 

;Complete holdoff due to end, if any 
;Needed to reset Ion 



CONTROLLER 
8291,8292 



TALK 

"Q" 



LSTN 

"2" 



TALK 

"K" 



Figure 17. RECV from "R"; EOS = ODH 
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Figure 18. XFER from "A" to "1", "2", " + "; 
EOS = ODH 
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TRANSFER DATA 

XFER <mker> < Listener list > <EOS> 

This system command is used to transfer data from a 
talker to one or more listeners where the controller 
does not participate in the transfer of the ASCII data. 



This is accomplished through the use of the 829 1's con- 
tinuous acceptor handshake mode while in listen-only. 

This routine assumes a device list that has the ASCII 
talker address as the first byte and the string (one or 
more) or ASCII hstener addresses following. The EOS 
character or an EOI will cause the controller to take 
take control synchronously and thereby terminate the 
transfer. 



XFER: 




Output-to-8291 : Talker, UNL 


^Send talk address and unlisten 


While 20H <. listen <. 3EH 






•^AnH 1 1 eit fin flrlrlT»Acj<? 


Increment listen list pointer 




Enable-8291 




Ion, no ton 


;Controller is pseudo listener 


Continuous AH mode 


;Handshake but don't capture data 


End on EOS received 


;Capture EOS as well as EOI 


Immediate execute PON 


initialize the 8291 


Put EOS into 8291 


;Set up EOS character 


Output-to-8292: GTSB 


;Go to standby 




;8292 waits for EOS or EOI and then 


Upon end (or tout2) then 




Take control synchronously 


;Regains control 


Enable-8291 


;Go to Ready for Data 


Finish handshake 




Not continuous AH mode 




Not END on EOS received 




ton 




Immediate execute pon 




Return 





Controller 

GROUP EXECUTE TRIGGER 

TRIG < Listener list> 

This system command causes a group execute trigger 
(GET) to be sent to all devices on the listener list. The 
intended use is to synchronize a number of instruments. 



TRIG: 




Output-to-8291 UNL 


;Everybody stop listening 


While 20H ^ listener ^ 3EH 


; Check for valid listen address 


Output-to-8291 Listener 


;Address each listener 


Increment listen list pointer 


;Terminate on any non-valid character 


Output-to-8291 GET 


;Issue group execute trigger 


Return 
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Figure 19. TRIG "1", " + " 
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Figure 20. DCLR "1", "2" 



DEVICE CLEAR 

DCLJR< Listener list> 



This system command causes a device clear (SDC) to is not intended to clear the GPIB interface of the de- 
be sent to all devices on the listener list. Note that this vice, but should clear the device-specific logic. 



DCLR: 




Output-to-8291 UNL 


;Everybody stop listening 


While 20H <. listener <. 3EH 


;Check for valid listen address 


Output-to-8291 Listener 


;Address each listener 


Increment listen list pointer 


;Terminate on any non-valid character 


Output-to-8291 SDC 


;Selective device clear 


Return 





SERIAL POLL 

5'P0L< Talker list> < status buffer pointer > 

This system command sequentially addresses the desig- 
nated devices and receives one byte of status from each. 



The bytes are stored in the buffer in the same order as 
the devices appear on the talker list. MLA is output for 
completeness. 
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SPOL: 




Output-to-8291 UNL, MLA, SPE 


;Unlisten, we listen, serial poll enable 




;Only one byte of serial poll 




;Status wanted from each talker 


While 40H ^ talker ^ 5 EH 


;Check for valid transfer 


Output-to-8291 talker 


;Address each device to talk 


Increment talker list pointer 


;One at a time 


Enable-8291 




Ion, reset ton 


;Listen only to get status 


Immediate execute pon 


;This resets ton 


Output-to-8292 GTSB 


;Go to standby 


Wait for data in (BI) 


;Serial poll status byte into 8291 


Output-to-8292 TCSY 


;Take control synchronously 


Input-from-8291 data 


;Actually get data from 8291 


Increment buffer pointer 




Enable 8291 




ton, reset Ion 




Immediate execute pon 


;Reset Ion 


Output-to-8291 SPD 


;Send serial poll disable after all 




devices polled 


Return 
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Figure 22. PPEN "2"; iPaPaPi = 01118 



Figure 21. SPOL "Q", "R", "K", " A " 
PARALLEL POLL ENABLE 

PP£7V< Listener list> < Configuration Buffer pointer > 

This system command configures one or more devices to respond to Parallel Poll, assuming they implement subset 
PPl. The configuration information is stored in a buffer with one byte per device in the same order as 
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devices appear on the listener list. The configuration byte has the format XXXXIP3P2P1 as defined by the IEEE 
Std. P3P2P1 indicates the bit # to be used for a response and I indicates the assertion value. See Sec. 2.9.3.3 of the 
Std. for more details. 



PPEN: 

Output-to-8291 UNL 

While 20H <, Listener <. 3EH 
Output-to-8291 listener 
Output-to-8291 PPC, (PPE or data) 
Increment listener list pointer 
Increment buffer pointer 

Return 



;Universal unlisten 

;Check for valid listener 

;Stop old listener, address new 

;Send parallel poll info 

;Point to next listener 

;One configuration byte per listener 



PARALLEL POLL DISABLE 

PPD5< listener list> 



This system command disables one or more devices from responding to a Parallel Poll by issuing a Parallel Poll 
Disable (PPD). It does not deconfigure the devices. 



PPDS: 




Output-to-8291 UNL 


;Universal Unlisten 


While 20H <. Listener <. 3EH 


;Check for valid listener 


Output-to-8291 listener 


;Address listener 


Increment listener list pointer 




Output-to-8291 PPC, PPD 


;Disable PP on all listeners 


Return 
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Figure 23. PPDS "1", " + ", 
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PARALLEL POLL UNCONFIGURE 

PPUN 



This system command deconfigures the Parallel Poll response of all devices by issuing a Parallel Poll Unconfigure 
message. 



PPUN: 




Output-to-8291 FPU 


;Unconfigure all parallel poll 


Return 





CONDUCT A PARALLEL POLL 

PPOL 

This system command causes the controller to conduct 
a Parallel Poll on the GPIB for approximately 12.5 
jmsec (at 6 MHz). Note that a parallel poll does not use 
the handshake; therefore, to ensure that the device 
knows whether or not its positive response was ob- 



PPOL: 




Enable-8291 




Ion 


;Listen only 


Immediate execute pon 


;This resets ton 


Output-to-8292 EXPP 


;Execute parallel poll 


Upon BI 


;When byte is input 


Input-from-8291 data 


;Read it 


Enable-8291 




ton 


;Talk only 


Immediate execute pon 


;This resets Ion 


Return Data (status byte) 





PASS CONTROL 

PCrL< talker > 

This system command allows the controller to relin- 
quish active control of the GPIB to another controller. 
Normally some software protocol should already have 
informed the controller to expect this, and under what 
conditions to return control. The 8291 must be set up 



PCTL: 




If 40H <. talker ^ 5EH then 




if talker < > MTA then 


;Cannot pass control to myself 


output-to-8291 talker, TCT 


;Take control message to talker 


Enable-8291 


;Set up 8291 as normal device 


not ton, not Ion 




Immediate execute pon 


;Reset ton and Ion 


My device address, mode 1 


;Put device number in Register 6 


Undefined command pass through 


;Required to receive control 


(Parallel Poll Configuration) 


.•Optional use of PP 


Output-to-8292 GIDL 


;Put controller in idle 


Return 





served by the controller, the CPU should explicitly ac- 
knowledge each device by a device-dependent data 
string. Otherwise, the response bit will still be set when 
the next Parallel Poll occurs. This command returns 
one byte of status. 



to become a normal device and the CPU must handle 
all commands passed through, otherwise control can- 
not be returned (see Receive Control below). The con- 
troller will go idle. 
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Figure 25. PPOL 



RECEIVE CONTROL 

RCTL 



CONTROLLER 
8291,8292 
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Figure 26. PCTL "C" 



This system command is used to get control back from 
the current controUer-in-charge if it has passed control 
to this inactive controller. Most GPIB systems do not 
use more than one controller and therefore would not 
need this routine. 

To make passing and receiving control a manageable 
event, the system designer should specify a protocol 



whereby the controUer-in-charge sends a data message 
to the soon-to-be-active controller. This message should 
give the current state of the system, why control is be- 
ing passed, what to do, and when to pass contrbl back. 
Most of these issues are beyond the scope of this Ap 
Note. 
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RCTL: 




Upon CPT 


;Wait for command pass through bit in 8291 


If ( command=:TCT) then 


;If command is take control and 


If TA then 


;We are talker addressed 


Enable-8291 




Disable major device number 


^Controller will use ton and Ion 


ton 


yTalk only mode 


Mask off interrupts 




Immediate execute pon 




Output-to-8292 TCNTR 


jTake (receive) control 


Enable-8291 




Valid command 


^Release handshake 


Return valid 








Enable-8291 




Invalid command 


;Not talker addr. so TCT not for us 


Else 




Enable-8291 




Invalid command 


;Not TCT, so we don't care 


Return invalid 
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Figure 28. REME 



Figure 27. RCTL 
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SERVICE REQUEST 

SRQD 



This system command is used to detect the occurrence of a Service Request on the GPIB. One or more devices may 
assert SRQ simultaneously, and the CPU would normally conduct a Serial Poll after calling this routine to determine 
which devices are SRQing. 



SRQD: 






If SRQ then 




;Test 92 status bit 


Output-to-8292 


lACK.SRQ 


;Acknowledge it 


Return SRQ 






Else return no 


SRQ 





System Controller 



REMOTE ENABLE 

REME 



This system command asserts the Remote Enable Hne (REN) on the GPIB. The devices will not go remote until they 
are later addressed to listen by some other system command. 



REME: 




Output-to-8292 SREM 


;8292 asserts remote enable line 


Return 





LOCAL 

LOCL 

This system command deasserts the REN line on the GPIB. The devices will go local immediately. 



LOCL: 




Output-to-8292 SLOG 


;8292 stops asserting remote enable 


Return 
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Figure 29. LOCL 

INTERFACE CLEAR/ABORT 

IFCL 

This system command asserts the GPIB's Interface 
Clear (IFC) line for at least 100 microseconds. This 
causes all interface logic in all devices to go to a known 
state. Note that the device itself may or may not be 



Figure 30. iFCL 



reset, too. Most instruments do totally reset upon IFC. 
Soine devices may require a DCLR as well as an IFCL 
to be completely reset. The (system) controller becomes 
ControUer-in-Charge. 



IFCL: 




Output-to-8292 ABORT 


;8292 asserts Interface Clear 


Return 


;For 100 microseconds 



INTERRUPTS AND DMA 
CONSIDERATIONS 

The previous sections have discussed in detail how to 
use the 8291, 8292, 8293 chip set as a GPIB controller 
with the software operating in a polUng mode and using 
programmed transfer of the data. This is the simplest 
mode of use, but it ties up the microprocessor for the 
duration of a GPIB transaction. If system design con- 
straints do not allow this, then either Interrupts and/oi* 
DMA may be used to free up processor cycles. 



The 8291 and 8292 provide sufficient interrupts that 
one may return to do other work while waiting for such 
things as 8202 Task Completion, 8291 Next Byte In, 
8291 Last Byte Out, 8292 Service Request In, etc. The 
only difficulty lies in integrating these various interrupt 
sources and their matching routines into the overall 
system's interrupt structure. This is highly situation- 
specific and is beyond the scope of this Ap Note. 

The strategy to follow is to replace each of the WAIT 
routines (see Appendix A) with a return to the main 
code and provide for the corresponding interrupt to 
bring the control back to the next section of GPIB 
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MAIN CODE 
USER: 



INTERRUPT CODE 



GPIB SUBROUTINE 
SEND: 




ETC. 



231324-28 



Figure 31. GPIB Interrupt and po-Routine Flow of Control 



code. For example WAITO (Wait for Byte Out of 
8291) would be replaced by having the BO interrupt 
enabled and storing the (return) address of the next 
instruction in a known place. This co-routine structure 
will then be activated by a BO interrupt. Figure 31 
shows an example of the flow of control. 

DMA is also useful in relieving the processor if the 
average length of a data buffer is long enough to over- 
come the extra time used to set up a DMA chip. This 
decision will also be a function of a data rate of the 
instrument. The best strategy is to use the DMA to 
handle only the data buffer transfers on SEND and 
RECV and to do all the addressing and control just ^s 
shown in the driver descriptions. 

Another major reason for using a DMA chip is to in- 
crease the data rate and therefore increase the overall 
transaction rate. In this case the limiting factor be- 
comes the time used to do the addressing and control of 
the GPIB using software like that in Appendix A. The 
data transmission time becomes insigniflcant at DMA 
speeds unless extremely long buffers are used. 

Refer to Figure 11 for a typical DMA and interrupt 
based design using the 8291, 8292, 8293. A system like 
this can achieve a 250K byte transfer rate while under 
DMA control. 



APPLICATION EXAMPLE 

This section will |)resent the code required to operate ia 
typical CjPIB instrument set up as shown in Figure 32. 
The HP5^28A Universal counter and the HP3325 func- 
tion generator are typical of many GPIB devices; how- 
ever, there are a wide variety of software protocols to 



be found on the GPIB. The Ziatech ZT488 GPIB ana- 
lyzer is used to single step the bus to facilitate debug- 
ging the system. It also serves as a training/familiariza- 
tion aid for newcomers to the bus. 

This example will set up the function generator to out- 
put a specific waveform, frequency and amplitude. It 
will then tell the counter to measure the frequency and 
Request Service (SRQ) when complete. The program 
will then read in the data. The assembled source code 
will be found at the end of Appendix A. 
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Figure 32. GPIB Example Configuration 
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SEND 

LSTN: "2", COUNT: 15, EOS: ODH, DATA: "FU1FR37KHAM2V0 (CR)" 
;SETS UP FUNCTION GEN. TO 37 KHZ SINE, 2 VOLTS PP 
;COUNT EQUAL TO # CHAR IN BUFFER 
;EOS CHARACTER IS (CR) = ODH = CARRIAGE 

SEND 

LSTN: "1". COUNT: 6, EOS: "T" DATA: ••PR4G7T'' 
jSETS UP COUNTER FOR P:INITIALIZE, F4: FREQ CHAN A 
; G7:0.1 HZ RESOLUTION, T:TRIGGER AND SRQ 

;COUNT IS EQUAL TO # CHAR 

WAIT FOR SRQ 

SPOL TALK: "Q", DATA: STATUS 1 
;CLEARS THE SRO.IN THIS EXAMPLE ONLY FREQ CTR ASSERTS SRQ 

RECV TALK: "Q", COUNT: 17, EOS: OAH, 
DATA: "+ 37000. OE+0" (CR) (LF) 
;GETS 17 BYTES OF DATA FROM COUNTER 
;COUNT IS EXACT BUFFER LENGTH 

;DATA SHOWN IS TPYICAL HP5328A READING THAT WOULD BE RECEIVED 



CONCLUSION 

This Application Note has shown a structured way to 
view the IEEE 488 bus and has given typical code se- 
quences to make the Intel 8291, 8292, and 8293's be- 
have as a controller of the GPIB. There are other ways 
to use the chip set, but whatever solution is chosen, it 
must be integrated into the overall system software. 



The ultimate reference for GPIB questions is the IEEE 
Std 488 -1978 which is available from IEEE, 345 East 
47th St., New York, NY, 10017. The ultimate reference 
for the 8292 is the source listing for it (remember it's a 
pre-programmed UPI-41A) which is available from IN- 
SITE, Intel Corp., 3065 Bowers Ave., Santa Clara, CA 
95051. 
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APPENDIX A 



ISIS-II 8080/8085 MACKO ASSEMBLER, V3.0 
GPIP CONTrtOLLER SUBROUTINES 



00621 
0060 



0061 
0061 
0002 
0001 
0010 
0080 



0040 
00C0 
0001 



0064 
0020 
0002 
0001 



0065 
0023 



3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 



SOURCE STATEMENT 
$TITLE('GPIB CONTROLLER SUBROUTINES') 
GPIB CONTROLLER SUBROUTINES 



for Intel 8291, 8292 on ZT 748R/18 
Bert Forbes, Ziatech Corporation 
2410 Broad Street 
San Luis Obispo, CA, USA 93401 



General Definitions & Equates 
8291 Control Values 



PRT91 

; 



DIN 
DOUT 



INTl 

INTMr 

BOM. 

BlM 

ENDMK 

CPT 



ADRMD 

TON 

LON 

TLON 

MODEl 



ADR ST 
EOIST 
TA 
LA 



AUXMD 
CLKRT 



ORG 
EQU 



1000H ; t:or ZT748B/18 w/8085 
60H ;8291 Base Port » 



Reg #0 Data in & Data out 

EOU PRT91+0 ;91 Data in reg 

EQU PRT91+0, ;91 Data out req 

Reg # 1 Interrupt 1 Constants 

EQU PRT91+1 ;INT Reg 1 

EQU PRT91+1 ;INT Mask Reg, 1 

EOU 02 ;91 80 INTRP Mask 

EQU 01 ;91 BI INTRP Mask 

EQU 10fl ;91 END INTRP Mask 

EQU 80H ;91 command pass thru int bit 

Req »2 Interrupt 2 

EQU PRT91+2 

Reg H Address Mode Constants 

EQU PRT91+4 ;91 address mode register # 

EQU 80H ;91 talk only mode & not listen only 

EQU 40H ;91 listen only & not ton 

EQU 0C0H ;91 talk & listen only 

EQU 01 ;mode 1 addressing for device 

Reg N (Read) Address Status Register 

EQU PRT91+4 ;reg #4 

EQU 20H 

EQU 2 

EQU 1 ; listener active 

Reg #5 (Write) Auxiliary Mode Register 

EQU PRT9H-5 ;91 auxiliary mode register # 

EQU 23H ;91 3 Mhz clock input 
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0003 


50 


FNHSK 


ECU 


0006 


51 


SDEOI 


EOU 


0080 


52 


AXRA 


EOU 


0001 


53 


HOHSK 


EOU 


0002 


54 


HOEND 


EOU 


0003 


55 


CAHCY 


EOU 


0004 


56 


EDEOS 


EOU 


0008 


57 


EOIS 


EQU 


000P 


58 


VSCiMD 


EOU 


0007 


59 


NVCMD 


EOU 


00A0 


60 


AXRB 


EOU 


0001 


61 


CPTEN 


EQU 




62 


; 






63 


; 


Reg 


0065 


64 


CPTRG 


EQU 




65 








66 


; 


Req 


0066 


67 


ADR 01 


EOU 


0060 


68 


DTDLl 


EQU 






DXDL* 2 


EQU 




70 








71 


• 


Req 


0067 


72 


EQSR 


EQU 




73 


; 






74 


; 






75 


; 


8292 




76 


; 






77 


; 






78 


; 




0068 


79 
80 


PRT92 
• 


EQU 


0068 


81 


INTMR 


EQU 


00A0 


82 


INTM 


EQU 




83 






0068 


84 


BRRM 


EOU 


0001 


85 


TOUTl 


EQU 


0002 


86 


TOUT 2 


EQU 


0004 


87 


TOUT 3 


EQU 


0068 


88 


EVREG 


EQU 


0068 


89 


TOR EG 


EQU 




90 


; 




0069 


91 


CMD92 


EQU 




92 


; 




0069 


93 


INTST 


EQU 


0010 


94 


EVBIT 


EQU 


0002 


95 


IBPBT 


EQU 


0020 


95 


SROBT 


EQU 




97 






0068 


98 


ERPLG 


EQU 


0068 


99 


CLRST 


EQU 


0068 


100 


BUSST 


EQU 


0068 


101 


EVCST 


EQU 


0068 


102 


TOST 


EQU 




103 








104 




8292 



00F0 
00P1 
00F2 
00P3 
00P4 
00P5 
00F6 
00F7 
00F8 
00F9 
00FA 
00PC 
00FD 
00FE 



105 
106 

107 SPCNI 

108 GIDL 

109 RSET 

110 RSTI 

111 GSEC 

112 EXPP 

113 GTSB 

114 SLOC 

115 SRBM 

116 ABORT 

117 TCNTR 

118 TCASY 

119 TCSY 

120 STCNI 

121 ; 

122 ; 



03 
06 
83H 

1 

2 

3 

4 

8 
0FH 
07H 
0A0H 
01H 

(Read) 
PRT91+5 



Address 0/1 req. constants 
PRT91+6 

60H /Disable major talker & listener 

0E0H .-Disable minor talker & listener 

EOS Character Reqister 
PRT91+7 



;91 fininsh handshake command 
;91 send EOI with next byte 
;91 aux. req A pattern 
;91 hold off handshake on all byt 
;91 hold off handshake on end 
;91 continuous AH cyclinq 
;91 end on EOS received 
;91 output EOI on EOS sent 
;91 valid command pass throuqh 
;91 invalid command pass throuqh 
;Aux. req. B pattern 
;command pass thru enable 



CONTROL VALUES 



PRT91+8 ;8292 Base Port » (CS7) 

PRT92+0 ;92 INTRP Mask Req 
0A0H ;TCI 

PRT92+0 ;92 Error Mask Req 

01 ;92 Time Out for Pass Control 
02, ;92 Time Out for Standby 

04 ;92 Time Out for Take Control Sync 

PRT92+0 ;92 Event Counter Pseudo Req 
PRT92+0 ;92 Time Out Pseudo Req 

PRT92+1 ;92 Command Reqister 

PRT92-H ;9? Interrupt Status Req 

10H ;Event Counter Bit 

02 ; Input Buffer Pull Bit 
20H ;Seq bit 

PRT92+0 ;92 Error Flaq Pseudo Req 

PRT92+0 ;92 Controller Status Pseudo Req 

PRT92+0 ;92 GPIB (Bus) Status Pseudo Req 

PRT92+0 ;92 Event Counter Status Pseudo Req 

PRT92+0 ;92 Time Out Status Pseudo Req 



OPERATION COMMANDS 



EOU 


0F0H 


;Stop Counter Interrupts 


EQU 


0P1,H 


;Go to idle 


EQU 


0F2H 


;Reset 


EQU 


0F3H 


;Reset Interrupts 


EOU 


0F4H 


;Goto standby, enable countxnq 


EQU 


0P5H 


;Execute parallel poll 


EQU 


0F6H 


;Goto standby 


EQU 


0F7H 


;Set local mode 


EQU 


0F8H 


;Set interface to remote 


EQU 


0F9H 


;Abort all operation, clear interface 


EQU 


0PAH 


;Take control (Receive control) 


EQU 


0FCH 


;Take control asyncronously 


EQU 


0FDH 


;Take control syncronously 


EQU 


0PEH 


;Start counter interrupts 
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123 


; 


8292 


' UTILITY 


COMMANDS 






124 


; 












125 


; 










00E1 


126 


WOUT 


BQU 


0E1H 


;Write to timeout req 




00e2 


127 


WEVC 


SOU 


0B2H 


;Write to event counter 




00E3 


128 


REVC 


BQU 


0B3H 


;Read event counter status 




00E4 


129 


RERP 


EQU 


0E4H 


;Read error flag reg 




00E5 


130 


RINM 


BQU 


0BSH 


;Read interrupt mask reg 




00E6 


131 


RCST 


' EQU 


0E6H 


;Read controller status reg 




00B7 


132 


R8ST 


EQU 


0E7H 


;Read GPIB Bus, status reg 




00E9 
00BA 


133 


RTOUT 


EQU 


0E9H 


;Read timeout status reg 




134 


RERM 


BQU 


0BAH 


;Read error mask reg 




000B 


135 


lACK 


EQU 


0BH 


; Interrupt Acknowledge 






136 


} 










137 














138 


; 


PORT F 


BIT ASSIGNMENTS 






139 


• 












140 


; 












141 


; 










006P 


142 


PRTP 


EQU 


PRT91+0PH ;ZT748fi port 6P for interrupts 




0002 


143 


TCIP 


EQU 


02H 


;Task complete interrupt 




0004 


144 


SPIP 


EQU 


04H 


;Special interrupt 




0008 


145 


OBPP 


EQU 


08H 


;92 Output (to CPU) Buffer full 




0010 
0001 


146 


IBPF 


EQU 


10H 


;92 Input (from CPU) Buffer empty 




147 


BOP 


EQU 


01H 


;91 Int line (BO in this case) 






148 


; 










149 


; 


GPIB NIESSAGBS (COMMANDS) 






150 


; 










0001 
0041 


151 


MDA 


EQU 


1 


;My device address is 1 




152 


MTA 


BQU 


MDA-«-4 0H 


;My talk address is 1 ("A") 




0021 


153 


MLA 


EQU 


MDA-K20H 


jMy listen address is 1 ("!") 




003F 


154 


UNL 


EQU 


3FH 


;UnIversal unlisten 




0008 
0004 


155 


GET 


EQU 


08 


;Group Execute Trigger 




156 


SDC 


EQU 


04H 


;Device Clear 




0018 


157 


SPE 


EQU 


18H 


;Serial poll enable 




0019 


158 


SPD 


EQU 


19H 


;Serial poll disable 




0005 


159 


PPC 


EQU 


05 


;Parallel poll configure 




0070 


160 


PPD 


EQU 


70H 


;Parallel poll disable 




0060 


161 


PPE 


EQU 


60H 


;Parallel poll disable 




0015 


162 


PPU 


EQU 


15H 


;Parallel poll unconfigured 




0009 


163 


TCT 


EQU 


09 


;Take control (pass control) 






164 












165 


; 


MACRO 


DEFINITIONS 






166 


; 












167 














168 














169 


SETF 


MACRO 




;Sets flags on A register 






170 




ORA 


A 






171 




fcNDM 










172 


; 












173 


WAITO 


MACRO 




;Wait for last 91 byte to be done 






174 




LOCAL 


WAITL 






175 


WAITL: 


IM 


INTl 


;Get Intl status 






176 




AN I 


BOM 


;Check for byte out 






177 




J2 


WAITL 


;If not, try again 






178 




ENDM 




; until It is 






179 


; 












180 


; 












181 


WAIT I 


MACRO 




;Wait for 91 byte to be input 






182 




LOCAL 


WAITL 






183 


WAITL: 


IN 


INTl 


;Get INTl status 






184 




MOV 


B,A 


;Save status in B 






185 




AN I 


BIM 


;Check for byte in 






186 




JZ 


WAITL 


;If not, just try again 






187 




ENDM 




;until it is 






188 












189 


WAITX 


MACRO 




;Wait for 92 's TCI to go false 






190 




LOCAL 


WAITL 






191 


WAITL: 


IN 


PRTP 








192 




AN I 


TCIP 








193 




JNZ 


WAITL 








194 




ENDM 










195 
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1000 3EA(Y 
1002 D3^8 
1004 3E60 
1006 D3fi6 
1008 3ee0 
i0aA D3S*; 

10aC 3E80 
100E D3«;4 
1010 3E23 
1012 D365 

1014 AF 

1015 D361 
i017 D362 
1019 D3«^5 
101B C9 



196 WAITT 
197 

198 WAITL: 

199 

200 

201 

202 

203 RANGE 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 ; 

216 CLRA 
217 

218 
219 ; 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 



NIACRO 
LOCAL 
IN 
AN I 
JZ 

ENDM 
MACRO 



MOV 

CPI 

JM 

CPI 

JP 

ENDM 

•MACRO 

XRA 

ENDM 



WAITL 
PRTP 
TCIF 
WAITL 



;Get task complete int,etc. 
;Mask it 

;Wait for task to be complete 



LOWER, UPPER, LABEL 

;Checks for value in range 
.•branches to label if not 
;in ranqe. Falls throuqh if 
;lower <» ( (H) (L) ) <« upper. 
;Get next byte. 

A,M 

LOWER 
LABEL 
UPPER+1 
LABEL 



;A XOR A »0 



All of the followino routines have these common 

assumptions about the state of the 8291 & <^292 upon entry 

to the routine and will exit the routine in an identical state. 



BO is or has been set. 

All interrupts are masked off 

TON mode, not LA 

No holdoffs in effect or enabled 

No holdoffs waitinq for finish command 

ATN asserted (active controller) 

note: RCTL is an exception it expects 

to not be active controller 
Any previous task is complete & 92 is 
ready to receive next command. 
Pointer registers (DE,HL) end one 
beyond last leqal entry 



*********************** 



******** 



r******* 



INITIALIZATION ROUTINE 



; INPUTS: 
; OUTPUTS: 
245 ;CALLS: 
24 6 ; DESTROYS: 

247 ; 

248 INIT; 
249 
2 50 
251 
252 
253 
254 
255 
256 
?57 
258 
259+ 
260 



261 
262 
263 
264 
265 
266 
267 
268 
269 



MVI 
OUT 
MVI 
OUT 
MVI 
OUT 
^VI 
OUT 
MVI 
OUT 
CLRA 
XRA 
OUT 
OUT 
OUT 
RET 



None 
None 
None 
A,F 

A,INTM ; Enable TCI 

INTMR ;Output to 92 ' s intr. mask req 
A,DTDL1 /Disable major talker/listener 
ADR01 

A,DTDL2 ;Disable minor talker/listener 
ADR 01 

A, TON ;ralk only mode 
ADRMD 

A,CLKRT ;3 MHZ for delay timer 
AUXMD 



INTl 
I NT 2 
AUXMD 



;A XOR A =0 



/Disable all 91 mask hits 
/Immediate execute PON 



************ 



SEND ROUTINE 
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270 














271 


r 












272 




INPUTS: 




HL listener list pointer 






273 








DE data buffer pointer ^ 






274 








C count — 0 will cause no data to be sent 






275 








b EOS character — software detected 






276 




OUTPUTS 




none 






277 




CALLS: 




none 






278 




DESTROYS: 


A rM? Uf B* 

A f C 1 Oh 1 nUt r 






279 














280 














281 










101C 


3E41 


282 SEND: 


MVI 


A,MTA 


;Send MTA to turn off any 


101B 


D360 


283 






DOUT 


;previous talker 


1020 




284 




WAITO 






DB61 


2P5+770001 


IN 


INTl 




1022 


E602 


286 + 




ANI 


BOM 


#Check for byte out 


1024 


CA2010 


287 + 




JZ 


??0001 


;If not, try aqain 


1027 


3E3P 


288 




MVI 


A,UNL 


;Send universal unlisten 


1029 


D360 


289 




OUT 


DOUT 


;to stop previous listeners 


1028 


78 


290 




MOV 


A,B 


;Get EOS character 


102C 


D367 


291 




OUT 


EOSR 


;Output it to a2Ql 






292 








;while listener..... 






293 SENDl: 


RANGE 


20H , 3EH 


pSBND2 ;Check next listen address 






294 + 








fChecks for value in ranqe 






295+ 








; branches to label if not 






296 + 








» In rancfe. Falls thrpuofh if 






297+ 








1 lower V— { (n;(^) t ^ upper . 


l02iS 




298 + 








jGet next byte. 


7E 


299+ 




MOV 


A,M 


102P 


PE20 


300+ 




CPI 


20H 




1031 


FA4710 


301 + 




JM 


SEND2 




1034 


FE3F 


302 + 




CPI 


3EH+1 




1036 


F24710 


303+ 




JP 


SEND2 




1039 


DB61 


304 




WAITO 




;Wait for previous listener sent 


305+??0;i)02: 


IN 


INTl 


;Get Intl status 


1038 


E602 


306+ 




ANI 


BOM 


fCheck for byte out 


103D 


CA3910 


307+ 




JZ 


??0002 


;If not, try again 


1040 


7E 


308 




MOV 


A,M 


;Get this listener 


1041 


D360 


309 






DOUT 


;Output to GPIB 






310 




INX 


H 


/Increment listener list pointer 


1044 


C32E10 


311 




JMP 


SENDl 


;Loop till non-valid listener 






312 








;Enable 91 endinq conditions 


1047 


DB61 


313 SEND2: 


WAITO 




;Wait for Istn addr accepted 


314+? 


?0003: 


IN 


INTl 


;Get Intl status 


1049 


E602 


315+ 




ANI 


BOM 


;Check for byte out 


104B 


CA4710 


316 + 




JZ 


??0003 


;If not, try aqain 






317 








;WAITO required for early versions 


104E 


3EF6 


318 








;of 8292 to avoid GTS8 before DAC 


319 




MVI 


A,GTSB 


;Goto standby 
; 


1050 


D369 


320 




OUT 


CMD92 


1052 


3E88 


321 




MVI 


A,AXRA+EOIS ;Senf1 EOI with EOS character 


1054 


D365 


322 




OUT 


AUXMD 








323 




WAITX 




;Wait for TCI to qo false 


105*) 


DB6F 


324+??0004: 


IN 


PRTF 








325+ 




ANI 


TCIF 




1 acA 




326 + 




JNZ 


??0304 








327 




WAITT 




;Wait for TCI on GTSB 


105D 


DB5P 


328+??0005: 


IN 


PRTF 


;Get task complete int,etc. 


105F 


E602 


329 + 




ANI 


TCIF 


;Mask it 


1061 


CA5D1 0 


330+ 




JZ 


??0005 


;Wait for task to be complete 






331 












332 ; 




delete next 3 instructions to make count of 0=256 






333 ; 










1064 


79 


334 




MOV 


A,C 


;Get count 






335 




SETF 




;Set flaqs 


1065 


87 


336 + 




ORA 


A 




1066 


CA8810 


337 




JZ 


SEND6 


;If count=0, send no data 


1069 


lA 


338 SEND3: 


LDAX 


D 


;Get data byte 


106A 


D360 


339 




OUT 


DOUT 


;Output to GPIB 


106C 


B8 


340 




CMP 


B 


;Test EOS ...this is faster 






341 








;and uses less code than usinq 






342 








;91's END or EOI bits 
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CA7F10 


343 


JZ 


SENDS 


;If char = EOS , rjo finish 






344 SEND4: 


WAITO 




1070 


DB61 


345+??0006: 


IN 


INTl 


;Get Intl status 


1072 


Efi32 


346+ 


ANI 




fCheck for byte out 


1074 


CA7010 


347 + 


JZ 


??0006 


;If not, try again 


1077 


13 


348 


INX 


D 


; Increment buffer pointer 


1078 


0D 


349 


DCR 


C 


; Decrement count 


1079 


C26910 


350 


JMZ 


SEND3 


;If count < > 0, qo send 


107C 


C38810 


351 


jyip 


SEND6 


;Else qo finish 


107P 


13 


352 SEMD5: 


INX 


D 


;for consistency 


1080 


0D 


353 


DCR 


C 








354 


WAITO 
















;This ensures that the standard entry 


1081 


DB61 


355+??0007! 


IN 


INTl 


;Get Intl status 


1083 


E602 


356+ 


ANI 


BOM 


{Check for byte out 


1085 


CA8110 


357+ 


JZ 


??0007 


•If notf try aqain 


1088 




358 






{assumptions for the next subroutine are met 


3EFD 


359 SBND6: 


MVI 


A,TCSY 


;Take control syncronously 


108A 


D3*?9 


360 


OUT 


CMD92 


108C 


3E80 


361 


MVI 


A,AXRA 


; Reset send EOI on EOS 


108B 


D365 


362 


OUT 


AUXMD 








363 


WAITX 




;Wait for TCI false 


1090 


DB6F 


364+??0008: 


IN 


PHTF 




1092 


E602 


365+ 


AMI 


TCIF 




1094 


C29310 


366+ 


JNZ 


??0008 








367 


WAITT 




;Wait for TCI 


1097 


0B6F 


368+??0009: 


IN 


PRTF 


;Get task complete int,etc. 


1099 


E602 


369+ 


ANI 


TCIF 


;Mask it 


109B 


CA9710 


370+ 


JZ 


??0009 


;Wait for task to be complete 


109E 


C9 


371 


RET 








372 ;************** 


******** 


********************************************** 






373 ; 












374 ; 


RECEIVE 


ROUTINE 








375 ; 












376 ; 












377 ; INPUT: 




HL talker pointer 






378 ; 




DE data 


buffer pointer 






379 ; 




C count (max buffer size) 0 implies 256 






380 ; 




B EOS 


character 






381 ; OUTPUT: 


Fills buffer pointed at by DE 






382 ; CALLS: 




None 








383 ; DESTROYS: 


A, BC, 


DE, HL, F 






384 ; 












385 ; RETURNS: 


A«0 normal termination — EOS detected 






386 ; 




A«40 Error count overrun 






387 ; 




A<40 or 


A>5EH Error bad talk address 






388 ; 












389 ; 








109F 


78 


390 RECV: 


MOV 


A,B 


;Get EOS character 


10A0 


D3fi7 


391 


OUT 


EOSR 


{Output it to 91 






392 


RANGE 


40H,5EH 


,RECV6 






393+ 






{Checks for value in range 






394 + 






{branches to label if not 






395+ 






{in range. Falls throuqh if 






396 + 






{lower <« ( (H) (L) ) <= upper. 






397 + 






{Get next byte. 


10A2 


7E 


398 + 


MOV 


A,M 


10A3 


PE40 


399 + 


CPI 


40H 




10A5 


FA3911 


400 + 


JM 


RECV6 




10A8 


FE5F 


401 + 


CPI 


5EH+1 




10AA 


F23911 


402 + 


JP 


RECV6 








403 






{Valid if 40H<a talk <=»5EH 


10AD 


D360 


404 


OUT 


DOUT 


{Output talker to GPIB 


10AF 


23 


405 


INX 


H 


{Incr pointer for consistency 






406 


WAITO 




10B0 


DB61 


407+??0010: 


IN 


INTl 


{Get Intl status 


10B2 


E'>02 


408+ 


ANI 


BOM 


{Check for byte out 


10B4 


CAB010 


409+ 


JZ 


??0010 


{If not, try again 


10B7 


3B3F 


410 


MVI 


A,UNL 


{Stop other listeners 


10B9 


03*50 


411 


OUT 


DOUT 






412 


WAITO 






10BB 


DB61 


413+??0011: 


IN 


INTl 


{Get Intl status 


10BD 


B602 


414+ 


ANI 


BOM 


{Check for byte out 


10BF 


CABB10 


415+ 


JZ 


??0011 


{If not, try again 
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10C2 


3E21 


416 


MVI 


A,MLA 


;Por completeness 


10C4 


D360 


417 


OUT 


DOUT 




10C6 


3E86 


418 


MVI 


A, AXRA+HOEND+EDEOS ;Bn'1 when 


10C8 


D365 


419 


OUT 


AUXMD 


;EOS or EOI & Holdoff 






420 


WAITO 






10CA 


0361 


421+??0012 


IN 


INTl 


;Get Intl status 


10CC 


E602 


422 + 


AN I 


BOM 


; Check for byte out 


10CE 


CACA10 


423 + 


JZ 


??0012 


; If not, try again 


10D1 


3E40 


424 


.VI VI 


A,LON 


;Listen only 


10D3 


D364 


425 


OUT 


ADRMD 






426 


CLRA 




; Immediate XBQ PON 


10D5 


AF 


427+ 


XRA 


A 


;A XOR A »0 


10D6 


D365 


428 


OUT 


AUXMD 




10D8 


3EF6 


429 


MVI 


A,GTSB 


;Goto standby 


10DA 


D369 


430 


OUT 


CMD92 






431 


WAITX 




;Wait for TCI»0 


10DC 


DB6F 


432+??0013 


IN 


PR TP 




10DE 


E602 


433 + 


AN I 


TCIP 




10C0 


C2DC10 


434+ 


JNZ 


??0{?13 








435 


WAITT 




;Wait for TCI=1 


10E3 


DB6F 


436+??0014 


IN 


PR TP 


;Get task complete int,etc. 


10E5 


E602 


437 + 


AN I 


TCIP 


;Mask it 


10eA 


DB61 


439 RECVl: 


IN 


INTl 


;Get 91 Int status (END &/or BI) 


10EC 


47 


440 


MOV 


B,A 


;Save it in B for BI check later 


10ED 


E610 


441 


AN I 


BNDMK 


;Check for EOS or EOI 


10BP 


C20511 


442 


JNZ 


RECV2 


;yes end go wait for BI 


10F2 


78 


443 


MOV 


A,B 


;N0, retrieve iStatus & 


10F3 


E601 


444 


AN I 


BtM 


;check for BI 


10F5 


CAEA10 


445 


JZ 


RECVl 


;N0, go wait for either END or BI 


10P8 


DB60 


446 


IN 


DIN 


;YES, BI get data 


10PA 


12 


447 


STAX 


D 


;Store it in buffer 


10FB 


13 


448 


INX 


D 


;Increment buffer pointer 


10FC 


0D 


449 


OCR 


C 


;Decrement counter 


10FD 


C2EA10 


4 50 


JNZ 


RECVl 


;If count < > 0 go back & wait 


1100 


0640 


451 


MVI 


8*40H 


;Else set error indicator 


1102 


C31711 


452 


JMP 


RECV5 


;And go take control 






453 ; 






1105 


78 


454 RECV2: 


MOV 


A,B 


;Retreive status 


1106 


E601 


455 RECV3: 


AN I 


BIM 


;Check for BI 


1108 


C21011 


456 


JNZ 


RBCV4 


;If BI then get input data 


110B 


DB61 


457 


IN 


INTl 


;Else wait for last BI 


110D 


C30611 


458 


JMP 


RECV3 


;In loop 


1110 


DB60 


459 RECV4: 


IN 


DIN 


;Get data byte 


1112 


12 


460 


STAX 


D 


;Store it in buffer 


1113 


13 


461 


INX 


D 


;Incr data pointer 


1114 


0D 


462 


OCR 


C 


;Decrement count, but ignore it 


1115 


0600 


463 


MVI 


B,0 


;Set normal completion indicators 






464 ; 






1117 


3EFD 


465 RECV5: 


MVI 


A,TCSY 


;Take control synchronously 


1119 


D369 


466 


OUT 


CMD92 






467 


WAITX 




;Wait for TCI»0 (7 tcy) 


lllB 


DB6F 


468+??0015: 


IN 


PRTP 


HID 


E602 


469+ 


AN I 


TCIF 




lllF 


C21B11 


470 + 


JNZ 


??0015 








471 


WAITT 




;Wait for TCIal 


1122 


DB6F 


472+??0016: 


IN 


PRTP 


;Get task complete int, etc. 


1124 


B602 


473+ 


AN I 


TCIP 


;Mask it 


1126 


CA2211 


474 + 


JZ 


??0016 


;Wait for task to be complete 






475 ; 










476 ;if timeout 3 


is to be 


checked, the above WAITT should 






477 ,'be omitted & 


the appropriate code to look for TCI or 






4 78 ;T0UT3 


inserted here. . 








479 ; 








1129 


3E80 


480 


MVI 


A,AXRA 


yPattern to clear 91 END conditions 


1128 


D365 


481 


OUT 


AUXMD 




112D 


3B80 


482 


MVI 


A, TON 


;This bit pattern already in "A" 


112F 


D364 


483 


OUT 


ADRMD 


J Output TON 


1131 


3E03 


484 


MVI 


A,FNHSK 


;Finish handshake 


1133 


D365 


485 


OUT 


AUXMD 






486 


CLRA 






1135 


AF 


487 + 


XRA 


A 


;A XOR A «0 


1136 


D365 


488 


OUT 


AUXMD 


; Immediate execute PON-Reset LOM 


1138 


78 


489 


MOV 


A,B 


;Get completion character 


1139 


C9 


490 RECV6: 


RET 
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491 ; 










492 ;************ 


********** 


*************************************** 






493 ; XFBM 


ROUTINE 








494 ; 










495 ; 










496 ; INPUTS: 


HL device list pointer 






497 ; 


B EOS 


character 






498 ; OUTPUTS: 


None 








499 ;CALLS: 


None 










A, HL, 


F 






sell fRPTIIOMQ* 


A«a normal, A < > 0 bafi talker 
















501 ' 










UVH f N\J 1 El : 


XFER will not work if the talker 






505 ; 


uses ROI to terminate the transfer. 






506 ; 


Intel will be making hardware 






507 ; 


modifications to the 8291 that will 






508 ; 


correct 


this problem. Until that time. 






509 ; 


only EOS may be used without possible 








loss of 


the last data byte transfered. 








40H,5BH 


,XFER4 ;Check for valid talker 






512+ 




;Checks for value in ranqe 










; branches to label if not 






514+ 




;in ranqe. Falls throuqh if 






51 5+ 




;lower <« ( (H) (L) ) <« upper. 


113A 




516+ 




;Get next byte. 


7E 


^ 1 14- MOV 


A,M 


113B 


FE40 




40H 




113D 


PABBll 


519+ JM 


XFER4 




1140 


PE5F 


520+ CPI 


5EH+1 




1142 


F28B11 


521+ JP 


XFER 4 




1145 


0350 


522 OUT 


DOUT 


;Send it to GPIB 


1147 


23 


523 INX 

524 WAITO 


H 


;Incr pointer 


1148 


DB61 


525+??0017: IN 


INTl 


;Get Intl status 


114A 


E602 


526+ AMI 


BOM 


;Check for byte out 


114C 


CA4811 


527+ JZ 


??0017 


;If not, try again 


114P 


3B3F 


528 <^VI 


A,UNL 


/Universal unlisten 


1151 


D360 


529 OUT 


DOUT 








3^19 ACCtnlt KAiNVjCi 


20H,3EH,XFER2 ;Check for valid listener 










/Checks for value in range 






532+ 




/branches to label if not 






533+ 




/in range. Falls through if 






534+ 




/lower <» ( (H) (L) ) <« upoer. 










/Get next byte. 


1153 


7E 




A,M 


1 154 


FE20 


537+ CPI 


20H 




1156 






XPER2 




1159 


FE3F 


539+ CPI 


3EH+1 




115B 


F26C11 


540+ JP 
541 WAITO 


XFER2 




use 


DB61 


542+??0018: IN 


INTl 


/Get Intl status 


1160 


B602 


543+ AN I 


BOM 


/Check for byte out 


1162 


CA5E11 


544+ JZ 


??0018 


/If not, try again 


1165 


7E 


545 MOV 


A,M 


/Get listener 


1166 


D3fi0 


546 OUT 


DOUT 




1168 


23 


547 INX 


H 


/Incr pointer 


1169 


C35311 


548 JMP 


XFBRl 


/Loop until non-valid listener 


116C 




347 XrcRiZ: WAITQ 




DB61 




INTl 


/Get Intl status 


116E 






BOM 


/Cheek for byte out 


1170 


CA6C11 


552+ JZ^ 


??0019 


/If not, try again 


1173 


3E87 


553 MVI 


A.AXRA+CAHCY+EDBOS /Invisible handshake 


1175 


0365 


554 OUT 


AUXMD 


/Continuous AH mode 


1177 


3E40 


555 MVI 


A,'LON 


/Listen only 


1179 


0364 


556 OUT 

557 CLRA 


ADRMD 


117B 


AF 


558+ XRA 


A 


/A XOR A «0 


117C 


0365 


559 OUT 


AUXMD 


/Immed. XBQ PON 


1176 


78 


560 MOV 


A,B 


/Get EOS 


117F 


D367 


561 OUT 


EOSR 


/Output It to 91 


1181 


3EF6 


562 MVI 


A,GTSB 


/Go to standby 

231324-37 


1183 


0369 


563 OUT 


CMD92 



3-135 
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564 


WAITX 








lies DB6F 


565+??0020: 


IN 


PR TP 






1187 Ef>Vi2 


566-f 




TCIF 






1189 C28S11 


568 


WAITT 


??0020 


;Wait for TCS 




118C DB6F 


»w}v £ ± • 




PRTF 


;Get task complete int,etc. 




118C B602 


570-f 


AN I 








1190 CA8C11 


571 + 


JZ 


??0021 


/Wait for task to r>e complete 




1193 D861 


3 i £ AT t»t\ J • 




INTl 


;Get END status bit 




1195 E610 


573 


AN I 


ENDMK 






1197 CA9311 


574 


JZ 






119A 3EFD 


575 




A, TCSY 


;Take control syncronously 




119C D3«i9 


576 
577 


WAT'PV 


CMD92 




119E DB5F 


578+T70022 : 


IN 








11A0 £602 


579 + 


AN I 


TCIF 






11A2 C29E11 


580 + 


JNZ 


??0022 






11A5 DB6F 


581 


, WAITT 




fWait for TCI 




582+??0023: 


IN 


PRTF 


;Get task complete int,etc. 




11A7 E602 


583+ 


ANI 


TCIF 


;Mask it 




11A9 CAA511 


584 + 


JZ 




;Wait for task to be complete 




llAC 3E80 


585 


MVI 


A, AXRA 


;Not cont AH or END on BOS 




llAE D365 


586 


OUT 


AUXMD 




11B0 3E03 


587 


MVI 


A,FNHSK 


;Finish handshake 




11B2 D365 


588 


OUT 


AUXMD 




11B4 3E80 


589 


i^VI 


A, TON 


;Talk only 




11B6 D3*>4 


590 


OUT 


ADRMD 




11B8 AF 


591 


CLRA 




;Normal return A*0 




592 + 


XRA 


A 


;A XOR A =0 




11B9 D3fi5 


593 


OUT 


AUXMD 


; Immediate XEO PON 




IIBB C9 


594 XFF^4: 

595 ; 


RET 








596 






597 ; 












598 ; 












599 ; 


TRIGGER 


ROUTINE 








600 ; 












601 ; 












602 ; INPUTS 




HL listener list pointer 






603 /OUTPUTS: 


None 








604 ;CALLS: 




None 








60 5 ;0ESTR0YS: 


A, HL, F 






606 ; 












60 7 ; 










IIBC 3E3F 


608 TRIG: 


MVI 


A,UNL 






IIBE 03*50 


609 


OUT 


DOUT 


;Send universal unlisten 






610 TRIGl: 


RANGE 


20H,3BH 


TRIG2 ;Check for valid listen 






611 + 






;Checks for value in ranqe 






612+ 






/branches to label if not 






613+ 






;in range. Falls through if 






614 + 






;lower <= ( (H) (L) ) <« upper. 






615+ 






;Get next byte. 




11C0 7E 


616+ 


MOV 


A,M 




llCl FE20 


617+ 


CPI 


20H 






11C3 FAD911 


618+ 


JM 


TRIG 2 






11C6 FE3F 


619+ 


CPI 


3EH+1 






11C8 F2D911 


620+ 


JP 


TRIG2 






IICB DB61 


621 


WAITO 




;Wait for UNL to finish 




622+??0024: 


IN 


INTl 


;Get Intl status 




IICD E602 


623+ 


AMI 


BOM 


;Check for byte out 




IICF CACBll 


624+ 


JZ 


??0024 


;If not, try again 




11D2 7E 


625 


v|OV 


A,M 


jGet listener 




11D3 0360 


626 


OUT 


DOUT 


;Send Listener to GPIB 




11D5 23 


62 7 


INX 


H 


;Incr, pointer 




11D6 C3C011 


628 

629 TRIG2: 


JMP 
WAITO 


TRIGl 


;Loop until non-valid char 
;Wait for last listen to finish 




1109 0B61 


630+??0025: 


IN 


INTl 


;Get Intl status 




IIDB E602 


631 + 


ANI 


BOM 


;Check for byte out 




HDD CAD911 


632 + 


JZ 


??0025 


;If not, try again 




11B0 3E08 


633 


MVI 


A, GET 


;Send group execute trigger 




11E2 03*50 


634 

635 


OUT 
WAITO 


DOUT 


;to all addressed listeners 




11E4 DB61 


636+??0026: 


IN 


INTl 


;Get Intl status 




11B6 E602 


637 + 


ANI 


BOM 


;Check for byte out 
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11E8 


CAB411 


638 + 


JZ 


770026 


;If not, try again 




llEB 


C9 


639 


RET 










640 ; 














641 I****************************************** 








642 ; 














643 ; DEVICE 


CLEAR ROUTINE 










644 ; 














64 5 ; 














646 ; 














647 ; INPUTS: 




HL listener pointer 








648 ; OUTPUT: 


None 










649 ; CALLS: 




None 










650 ; DESTROYS: 


A, HL, 


F 








651 ; 










llEC 


3E3F 


652 DCLR: 


MVI 


AfUNL 






llEB 


D360 


653 


OUT 


DOUT 










654 DCLRl: 


RANGE 


20H,3EH 


, DCLR 2 








655-»- 






;Checks for value in range 








656+ 






; branches to label if not 








657+ 






;in range. Falls through if 








658+ 






; lower <» ( (H) (L) ) <« upper. 








659+ 






;Get next byte. 




11F0 




660 + 


MOV 






1 IFl 


FE20 


661 + 


CPI 


20H 






11F3 


FA091 2 


662 + 


JM 


DCLR2 






11F6 


FE3F 


663 + 


CPI 


3EH+1 






11F8 


F20912 


664+ 


JP 


DCLR 2 










665 


WAITO 








IIFB 


DB61 


666+??0027: 


IN 


INTl 


;Get Intl status 




IIFD 


E602 


667+ 


AN I 


BOM 


;Check for byte out 




IIFF 


CAFBl 1 


668+ 


JZ 


770027 


; If not , try again 




1202 


7E 


669 


MOV 


A,M 




1203 


D360 


670 


OUT 


DOUT 


;Send listener to GPIB 




1205 


23 


671 


INX 


H 






1206 


C3F011 


672 


JMP 


DCLRl 










673 DCLR2: 


WAITO 








1209 




674+??0028: 


IN 


INTl 


;Get Intl status 




120B 


E602 


675+ 


AN I 


BOM 


;Check for byte out 




120D 


CA091 2 


676+ 


JZ 


770028 


jif not, try again 




1210 


3E04 


677 


MVI 


A,SDC 


;Send device clear 




1212 


D360 


678 


OUT 


DOUT 


;To all addressed listeners 








679 


WAITO 








1214 


DB61 


680+??0029: 


IN 


INTl 


;Get Intl status 




1216 


E602 


681 + 


AN I 


BOM 


;Check for byte out 




1218 


CA1412 


682 + 


JZ 


770029 


;If not, try again 




121B 


C9 


683 


RET 










684 ; 














685 ;*************************************************** 








686 ; 














687 ; 


SERIAL 


POLL ROUTINE 








688 ; 














689 ; INPUTS 




HL talker list pointer 








690 ; 




DE status buffer pointer 








691 ; OUTPUTS: 


Fills buffer pointed to by DE 








692 ; CALLS: 




None 










693 ; DESTROYS: 


A, BC, 


DE, HL, F 








694 ; 










121C 


3E3F 


695 SPOL; 


MVI 


ArUNL 


;Universal unlisten 




121E 


D360 


696 


OUT 


DOUT 








697 


WAITO 








1220 


DB61 


698+??0030; 


IN 


INTl 


;Get Intl status 




1222 


B602 


699+ 


AN I 


BOM 


;Check for byte out 




1224 


CA2012 


700+ 


JZ 


770030 


;If not, try again 




1227 


3E21 


701 


MVI 


A,MLA 


;My listen address 




1229 


D360 


702 


OUT 


DOUT 








703 


WAITO 








122B 


DB61 


704+770031: 


IN 


INTl 


;Get Intl status 




122D 


B602 


705+ 


AN I 


BOM 


;Check for byte out 




122F 


CA2B12 


706+ 


JZ 


770031 


;If not, try again 




1232 


3E18 


707 


MVI 


A,SPE 


;Serial poll enable 




1234 


D360 


708 


OUT 


DOUT 


;To be formal about it 








709 


WAITO 








1236 


DB61 


710+770032: 


IN 


INTl 


;Get Intl status 
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1238 B')02 


711 + 


AN I 


BOM 


123A CA3<512 


712+ 


JZ 


770032 




713 SPOLl: 


RANGE 


40H,5R 




714 + 








715+ 








716 + 








717+ 








718+ 






123D 7E 


719+ 


MOV 


A,M 


123B FE40 


720 + 


CPI 


40H 


1240 PA9412 


721 + 


JM 


SP0L2 


1243 PE5F 


722+ 


CPI 


5EH+1 


124S F29412 


723 + 


JP 


SP0L2 


1248 7E 


724 


MOV 


A,M 


1249 D360 


725 


OUT 


DOUT 


1248 23 


726 


INX 


H 


124C 3E40 


727 


MVI 


A,LON 


124E D364 


728 


OUT 


ADRMD 




729 


WAITO 




1250 DB61 


730+??0033: 


IN 


INTl 


1252 B602 


731 + 


AN I 


BOM 


1254 CA5012 


732 + 


JZ 


??0033 




733 


CLRA 




1257 AF 


734+ 


XRA 


A 


1258 D365 


735 


OUT 


AUXMD 


125A 3EP6 


736 


MVI 


A^GTSB 


125C D369 


737 


OUT 


CMD92 




738 


WAITX 




125E DB6F 


739+??0034: 


IN 


PRTF 


1260 E602 


74 0+ 


AN I 


TCIF 


1262 C25E12 


741 + 


JNZ 


770034 




742 


WAITT 




1265 D86F 


743+??0035: 


IN 


PRTF 


1267 E602 


744 + 


AN I 


TCIF 


1269 CA6512 


74 5+ 


JZ 


??0335 




746 


WAIT I 




126C DB61 


747+??0036; 


IN 


INTl 


126E 47 


748 + 


MOV 


a, A 


126F E601 


74 9+ 


AN I 


BIM 


1271 CA6C12 


750 + 


JZ 


??0036 


1274 3EFD 


751 


MVI 


A,TCSY 


1276 D359 


752 


OUT 


CMD92 




753 


WAITX 




1278 DB6F 


754+770037: 


IN 


PRTF 


127A B602 


755+ 


AN I 


TCIF 


127C C27812 


756 + 


JNZ 


770037 




757 


WAITT 




127F DB6F 


758+??0a38: 


IN 


PRTF 


1281 E602 


759+ 


AN I 


TCIF 


1283 CA7F12 


760 + 


JZ 


770038 


1286 OB60 


761 


IN 


DIN 


1288 12 


762 


STAX 


D 


1289 13 


763 


INX 


D 


128A 3B80 


764 


MVI 


A, TON 


128C D364 


765 


OUT 


ADRMD 




766 


CLRA 




128E AP 


767+ 


XRA 


A 


128F D365 


768 


OUT 


AUXMD 




769 






1291 C33D12 


770 


JMP 


SPOLl 




771 ; 






1294 3E19 


772 SP0L2: 


MVI 


A,SPD 


1296 D360 


773 


OUT 


DOUT 




774 


WAITO 




1298 DB61 


775+??0039: 


IN 


INTl 


129A E602 


776+ 


AN I 


BOM 


129C CA9812 


777+ 


JZ 


770039 




778 


CLRA 




129F AF 


779+ 


XRA 


A 


12A0 D365 


780 


OUT 


AUXMD 


12A2 C9 


781 


RET 






782 ; 








783 ;********************** 




784 ; 







;Check for byte out 
;If not, try again 
,SP0L2 ;Check for valid talker 
jChecks for value in ranqe 
.•branches to label if not 
;in ranqe. Falls through if 
; lower <= ( fH) (L) ) <» upper. 
;Get next byte. 



;Get talker 

e'Send to GPIB 

;Incr talker list pointer 

;Listen only 

;Wait for talk address to complete 

;Get Intl status 

.-Check for byte out 

;If not, try again 

.•Pattern for immediate XEQ PON 

;A XOR A «0 

;Goto standby 

;Wait for TCI false 



;Wait for TCI 

;Get task complete int,etc. 
;Mask it 

;Wait for task to be complete 

;Wait for status byte input 

;Get INTl status 

;Save status in B 

;Check for byte in 

;If not, just try again 

;Take control sync 

;Wait for TCI false 



;Wait for TCI 

;Get task complete int,etc. 
;Mask it 

;Wait for task to be complete 

;Get serial poll status byte 

.•Store it in buffer 

;Incr pointer 

;Talk only for controller 

; 

;A XOR A =0 
;Immeditate XEQ pOn 
;CLR LA 

;Go on to next device on list 

.•Serial poll disable 

;We know BO was set (WAITO above) 

.•Get Intl status 
/Check for byte out 
;If not, try again 

;A XOR A «0 

; Immediate XEQ PON to clear LA 
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785 ; 


PARALLEL POLL 


ENABLE ROUTINE 








786 ; 














787 ; INPUTS 




HL listener list pointer 








788 ; 




DE conf iquration byte pointer 








789 ; OUTPUTS: 


None 










790 ; CALLS: 




None 










791 /DESTROYS: 


A, DE, 


HL, F 








792 ; 














793 ; 










12A3 


3E3F 


794 PPEN: 


MVI 


A,UNL 


/Universal unlisten 




12A5 


D360 


795 


OUT 


DOUT 








796 PPENl: 


RANGE 


20H,3EH,PPEN2 /Check for valid listener 








797 + 






/Checks for value in ranqe 








798 + 






/branches to label if not 








799+ 






/in ranqe. Falls throuqh if 








800+ 






/lower <= ( (H) (L) ) <» upper. 








801 + 






/Get next byte. 




12A7 


7E 


802 + 


MOV 


A,M 




12A8 


FB20 


803 + 


CPI 


20H 






12AA 


FAD81 2 


804 + 


J'l 


PPEN2 






12AD 


FB3F 


805+ 


CPI 


3EH+1 






12AF 


F2D812 


806 + 
807 


JP 

WAITO 


PPEN2 


/Valid wait 91 data out req 




12B2 


DB61 


808+??0040: 


IN 


INTl 


/Get Intl status 




12B4 


B602 


80 9+ 


AN I 


BOM 


/Check for byte out 




1286 


CAB212 


810 + 


JZ 


??0040 


/If not, try aqain 




12B9 


7B 


81 1 


MOV 


A,M 


/Get listener 




12BA 


D3«;0 


812 
813 


OUT 
WAITO 


DOUT 






12BC 


DB61 


814+770041: 


IN 


INTl 


/Get Intl status 




12BE 


B602 


815 + 


ANI 


BOM 


/Check for byte out 




12C0 


CABC12 


816 + 


JZ 


??0041 


/If not, try aqain 




12C3 


3E05 


817 


MVI 


A, PPG 


/Parallel poll confiqure 




12C5 


r)3«;0 


818 
819 


OUT 
WAITO 


DOUT 




12C7 


DB61 


820+??0042; 


IN 


INTl 


/Get Intl status 




12C9 


E602 


821 + 


ANI 


BOM 


/Check for byte out 




12CB 


CAC712 


822+ 


JZ 


??0042 


/If not, try aqain 




12CE 


lA 


823 


LDAX 


D 


/Get matchinq conf iquration byte 




12CF 


F660 


824 


ORI 


PPE 


/Merqe with parallel poll enable 




12D1 


D360 


825 


OUT 


DOUT 




1203 


23 


826 


INX 


H 


/Incr pointers 




12D4 


13 


82 7 


INX 


0 




12D5 


C3A712 


828 

829 PPEM2: 


JMP 
WAITO 


PPENl 


/Loop until invalid listener char 




12D8 


DB61 


830+??0fl43: 


IN 


INTl 


/Get Intl status 




120A 


B602 


831 + 


ANI 


BOM 


/Check for byte out 




12DC 


CAD812 


832 + 


JZ 


??0043 


/If not, try aqain 




12DP 


C9 


833 
834 ; 


RET 










83 5 /PARALLEL POLL 


DISABLE 


ROUTINE 








836 ; 














837 /INPUTS: 


HL listener list pointer 








838 /OUTPUTS: 


None 










839 /CALLS: 




None 










840 /DESTROYS: 


A, HL, 


F 








841 / 










12E0 


3E3F 


842 PPDS: 


MVI 


A,UNL 


/Universal unlisten 




12E2 


D350 


843 


OUT 


DOUT 










844 PPDSl: 


RANGE 


20H,3SH,PPDS2 /Check for valid listener 








845+ 






/Checks for value in ranqe 








846+ 






/branches to label if not 








847+ 






/in ranqe. Falls throuqh if 








848+ 






/lower <= ( (H) (L) ) <= upper. 








849+ 






/Get next byte. 




12B4 


7B 


850 + 


MOV 


A,M 




12E5 


FE20 


851 + 


CPI 


20H 






12B7 


FAFD12 


852 + 


JM 


PPDS2 






12EA 


FE3F 


853+ 


CPI 


3EH+1 






12EC 


F2FD12 


854 + 

855 


JP 

WAITO 


PPDS 2 






12EF 


D661 


856+??0044: 


IN 


INTl 


/Get Intl status 




12F1 


B602 


857+ 


ANI 


BOM 


/Check for byte out 




12F3 


CAEF12 


858 + 


JZ 


??0044 


/If not, try aqain 
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12F6 


7E 


859 


MOV 


A,M 


12P7 


D3'?0 


860 


OUT 


DOUT 


12F9 


23 


861 


INX 


H 


12FA 


C3E412 


862 


J'<1P 


PPDSl 






863 PPDS2: 


WAITO 




1 2FD 


DB61 


864+??0345: 


IN 


INTl 


12FF 


E'502 


86 5+ 


AN I 


BOM 


1301 


CAFDl 2 


856 + 


JZ 


??004S 


1304 


3E05 


867 


•«1VI 


A,PPC 


130<? 


D3<50 


868 


OUT 


DOUT 






869 


WAITO 




1308 


DB61 


870+??0046: 


IN 


INTl 


130A 


E602 


871 + 


AN I 


BOM 


130C 


CA081 3 


872+ 


JZ 


??0046 


130F 


3E70 


873 


MVI 


A,PPD 


1311 


D360 


874 


OUT 


DOUT 


1313 




875 


WAITO 




0861 


fi76+??0047: 


IN 


INTl 


1315 


B602 


877+ 


AN I 


BOM 


1317 


CA1313 


878 + 


JZ 


??0047 


131A 


C9 


879 


RET 








880 ; 

881 ; 


PARALLEL POLL 






882 ; 










883 ; 










884 ; INPUTS: 


None 






885 ; OUTPUTS: 


None 






886 ; CALLS: 




None 






887 ; DESTROYS: 


A, F 






888 ; 






131B 


3E15 


889 PPUW: 


MVI 


A,PPU 


131D 


D360 


890 


OUT 


DOUT 






891 


WAITO 




131F 


DB61 


892+??0048: 


IN 


INTl 


1321 


E602 


893 + 


AN I 


BOM 


1323 


CA1P13 


894 + 


JZ 


??0048 


1326 


C9 


895 


RET 





1327 3E40 

1329 D364 

132B AF 
132C D365 
132E 3EF5 

1330 D369 

1332 DB61 

1334 47 

1335 E601 
1337 CA3213 
133A 3E80 
133C D364 

133E AF 
133F D365 
1341 D860 
1343 C9 



;Get listener 
;Incr pointer 

;Loop until invalid listener 

;Get Intl status 
;Check for byte out 
;If not, try aqain 
;Parallel poll confiqure 



;Get Intl status 
;Check for byte out 
;If not, try aqain 
;Parallel poll disable 



;Get Intl status 
;Check for byte out 
;If not, try aqain 



896 
897 
898 
899 



.************************ 

; CONDUCT A PARALLEL POLL 



;Parallel poll unconfiqure 

?Get Intl status 
;Check for byte out 
;If not, try aqain 

**************************** 



901 ? 

902 ; INPUTS: 

903 ; OUTPUTS: 

904 ;CALLS: 

905 ; DESTROYS: 

906 ; RETURNS: 

907 ; 



None 
None 
None 
A, B, F 

A= parallel poll status byte 



908 PPOL: 


MVI 


A,LON 


;Listen only 


909 


OUT 


ADRMD 


910 


CLRA 




; Immediate XEO PON 


911 + 


XRA 


A 


;A XOR A =0 


912 


OUT 


AUXMD 


; Re set TON 


913 


MVI 


A,EXPP 


/Execute parallel poll 


914 


OUT 


CMD92 


915 


WAIT I 




;Wait for completion* BI on 91 


916+??0049: 


IN 


INTl 


;Get INTl status 


917+ 


MOV 


B,A 


;Save status in B 


918 + 


AN I 


8IM 


;Check for byte in 


919+ 


JZ 


??0049 


;If not, just try aqain 


920 


MVI 


A, TON 


;Talk only 


921 


OUT 


ADRMD 


922 


CLRA 




; Immediate XEQ PON 


92 3+ 


XRA 


A 


;A XOR A «0 


924 


OUT 


AUXMD 


; Re set LON 


925 


IN 


DIN 


;Get PP byte 


926 


RET 





927 
928 
929 
930 
931 
932 



.********************* 

jPASS CONTROL ROUTINE 



*********************** 



f INPUTS: 
f OUT PUTS: 



HL pointer to talker 
None 



231324-42 



3-140 



AP-66 







933 ; CALLS: 




None 








93 4 ;DBSTROyS: 


A, HL, F 






935 PCTL: 


RANGE 




irv> I Lti fJLs Ik a vciiiu caxKer r 






936+ 






f Checks for value in ranqe 






937+ 






f branches to label i f not 






938 + 






7 i n r anq e • Fa lis thro uq h if 






939+ 






; lower s= { yn f \l, ) j v— uppe r • 






940+ 






?Get next byte* 


1344 


7E 


941 + 


MOV 


A. M 


1345 


FB40 


942 + 


CPI 






1347 


FA8A13 


943 + 




PPTf 1 




134A 


FE5F 


944 + 


CPI 






134C 


F28A13 


945 + 


JP 


prrr i 




134P 


FE41 


946 


77 ^ 




jis It wy taiKer aot'iress 


1351 


CA8A13 


947 




1 


;Yes« j'^^t return 


1354 


D360 


94 8 


OUT 


DOUT 


;oenn on (jFid 






949 


WAITO 






1356 


DB61 


950+??0i150 : 






;uet Intl status 


1358 


EGC 2 


951 + 


AN I 


BOM 


jCheck for byte out 


135A 


CA561 3 


952 + 


JZ 


770050 


;If not, try again 


135D 


3E09 


953 




A,TCT 


;Take control messaqe 


135F 


D360 


954 


OUT 


DOUT 








955 


WAITO 






1361 


DB6 1 


956+??0051: 


IN 


INTl 


jGet Intl status 


1363 


£60 2 


957 + 


AN I 


BOM 


;Check for byte out 


1365 


CA611 3 


958 + 


JZ 


??0051 


;If not» try again 


1368 


3E01 


959 


MVI 


A, MODE! 


;Not talk only or listen only 


136A 


D364 


960 


OUT 


ADRMD 


;Enable 91 ar^dress mode 1 






961 


CLRA 






136C 


AF 


962 + 


XRA 


A 


;A XOR A »0 


136D 


D365 


963 


OUT 


AUXMD 


; Immediate XEQ PON 


136F 


3E01 


964 


•viVI 


A,MDA 


;My device address 


1371 


D366 


965 


OUT 


ADR01 


;enabled to talk and listen 


1373 


3EA1 


966 


MVI 


A,AXR8+CPTEN ;Command pass thru enable 


1375 


D365 


967 


OUT 


AUXMD 








968 ;*******optional PP conf iquration qoes here******** 


1 377 


3EF1 


969 


MVI 


A,GIDL 


;92 go idle command 


1379 


D369 


970 


OUT 


CMD92 






971 


WAITX 






137B 


DB6F 


972+??0052: 


IN 


PRTF 




1 37D 




973 + 


AN I 


TCIF 




137F 


C27B13 


974 + 


JNZ 


??0052 








975 


WAITT 




;Wait for TCI 


1382 


DB6F 


976+??0053: 


IN 


PRTF 


;Get task complete int,etc. 


1384 


Efi02 


977 + 


AN I 


TCIF 


;Mask it 


1385 


CA8213 


978+ 


JZ 


??0053 


;Wait for task to be complete 


1389 


23 


979 


INX 


H 


138A 


C9 


930 PCTLl: 


RET 










981 ; 












982 ; 












933 ;*********************** 


****************** 






984 ; 












985 ; RECEIVE CONTROL ROUTINE 








986 ; 












987 ; INPUTS: 




None 








988 ; OUTPUTS: 


None 








989 ; CALLS: 




None 








990 ; DESTROYS: 


A, F 








991 ; RETURNS: 


0= invalid (not take control to us or CPT bit not on) 






992 ; 




< > 0 = 


valid take control — 92 will now be in control 






993 ;NOTE: 




THIS CODE MUST BE TIGHTLY INTEGRATED INTO ANY USER 






994 ; 




SOFTWARE 


THAT FUNCTIONS WITH THE 8291 AS A DEVICE. 






995 ; 




NORMALLY 


SOME ADVANCE WARNING OF IMPENDING PASS 






996 ; 




CONTROL 


SHOULD BE GIVEN TO US BY THE CONTROLLER 






997 ; 




WITH OTHER USEFUL INFO. THIS PROTOCOL IS SITUATION 






998 ; 




SPECIFIC 


AND WILL NOT BE COVERED HERE. 






999 ; 








138B 


D861 


1000 ; 

1001 RCTL: 


IN 


INTl 


;Get INTl reg (i.e. CPT etc.) 


138D 


B680 


1002 


ANI 


CPT 


;Is command pass thru on ? 


138F 


CACF13 


1003 


JZ 


RCTL2 


;No, invalid — go return 


1392 


DB65 


1004 


IN 


CPFRG 


;Get command 


1394 


FE09 


1005 


CPI 


TCT 


;Is it take control ? 












231324-43 



3-141 



AP-66 



139*^ 


C2CA13 


1006 




JNZ 


RCTLl 


• N 0 etu ■ I'd 




1399 


DB<^4 


1007 




IN 




•Get address'^status ^ 




139B 


E602 


1008 




AMI 


TA 


J I s TA on ? 




139D 


CACA13 


1009 




JZ 


RCTLl 


;No — qo return invalid 




13A(5 


3E6H 


1010 




w»VI 


A,DTDL1 


;Di55ahle talker listener 




13A? 


D3'i«) 


1011 




OUT 


AOR01 






13A4 


3B80 


1012 




MVI 


A, TON 


;Talk only 




13A6 


0364 


1013 
1014 




OUT 
CLRA 


ADRMD 




13A8 


AF 


1015-f 




XRA 


A 


;A XOR A «0 




13A9 


D361 


1016 




OUT 


INTl 


;Mask off INT bits 




13AB 


0362 


1017 




OUT 


INT2 






13AD 


D365 


1018 




OUT 


AUXMD 






13AF 


3EFA 


1019 




MVI 


A,TCNTR 


jTake (receive) control 92 command 




13B1 


D3'>9 


1020 




OUT 


CMD92 




1383 


3E0F 


1021 




MVI 


A,VSCMn 


;Valid command pattern for 91 




13B5 


D3«55 


1022 




OUT 


AUXMD 








1023 


.****** 


** optional TOUTl check could be put here ******** 








1024 




WAITX 








13B7 


DB<>F 


1025+ 


??0054; 


IN 


PHTF 






13B9 


E602 


1026+ 




AN I 


TCIP 






13BB 


C2B713 


1027+ 
1028 




JNZ 
WAITT 


??0054 


;Wait for TCI 




13BE 


DB6F 


1029+??0055j 


IN 


PRTF 


;Get task complete int,etc. 




13C0 


E602 


103 0+ 




AN I 


TCIF 


;Mask it 




13C2 


CABE13 


1031 + 




JZ 


??035S 


;Wait for task to be complete 




13C5 


3E09 


103? 




MVI 


A,TCT 


;Valid return pattern 




13C7 


C3CF13 


1033 




J MP 


RCTL2 


;Only one return per routine 




13CA 


3E0F 


1034 RCTLl: 


MVI 


A^VSCMD 


;Acknowledqe CPT 
;Error return pattern 




13CC 


D365 


1035 
1036 




OUT 
CLRA 


AUXMD 




13CE 


AF 


1037+ 




XRA 


A 


;A XOR A =0 




13CF 


C9 


1038 RCTL2; 


RET 












103 9 


• 














1040 


. ****** 


******************************************* 








1041 
















1042 




SRO ROUTINE 










1043 
















1044 


INPUTS: 


None 










1045 


OUTPUTS: 


None 










1046 


CALLS: 




None 










1047 


RETURNS; 


A= 0 no 


SRO 








1048 






A < > 0 


SRQ occured 








1049 














1050 












13D0 


DB69 


1051 SRQD: 


IN 


INTST 


;Get 92 's INTRQ status 




13D2 


E620 


1052 




AN I 


SROBT 


;Mask off SRQ 




13D4 


CAE213 


1053 




JZ 


SR0D2 


;Not set go return 




13D7 


FfiiiJB 


1054 




ORI 


lACK 


;Set must clear it with lACK 




13D9 


D369 


1055 




OUT 


CMD92 






1303 


DB69 


1056 SRODl: 


IN 


INTST 


jGet I8F 




13DD 


B602 


1057 




AN I 


IflFBT 


;Mask it 




13DF 


CADE 13 


1068 




JZ 


SRQDl 


jWait if not set 




13E2 


C9 


1059 SR0D2: 


RET 












1060 , 
















1061 


****** 


******* 


********** 


********************* 








1062 , 
















1063 , 


REMOTE 


ENABLE 


ROUTINE 










1064 ; 
















1065 ; INPUTS 




None 










1066 ; 


OUTPUTS: 


None 










1067 , 


CALLS: 




NONE 










1068 ; DESTROYS: 


A, F 










1069 . 












13E3 


3EF8 


1070 REME: 


MVI 


A,SREM 










1071 
1072 




OUT 
WAITX 


CMD92 


;92 asserts remote enable 
;Wait for TCI = 0 




13E7 


DBfiF 


1073+??0056; 


IN 


PRTF 






13E9 


E*;02 


1074 + 




AN I 


TCIF 






13EB 


C2E713 


1075 + 
1076 




JNZ 
WAITT 


??0056 


jWait for TCI 




13EE 


DB6F 


1077+??0057: 


IN 


PRTF 


;Get task complete int,et<;. 




13F0 


Bf502 


1078 + 




ANI 


TCIF 


;Mask it 




13F2 


CAEE13 


1079 + 




JZ 


??0057 


;Wait for task to be complete 
















231324-44 



3-142 



AP-66 



13F5 


C9 


1080 


RET 












1081 














1082 


.****************************************** 








1083 


; 












1084 


; LOCAL ROUTINE 












1085 
1086 














1087 


; INPUTS: 


None 










1088 


; OUTPUTS: 


None 










1089 


; CALLS: 


None 










1090 


; DESTROYS: 


A, F 










1091 










13F6 


3EF7 


1092 


LOCL: MVI 


A,SLOC 






13F8 


D369 


1093 


OUT 


Civ\D92 


;92 stops assertinq remote enable 








1094 


WAITX 




;Walt for TCI »0 




13FA 


DB6F 


109S+770058: IN 


PRTF 






13FC 


E602 


10964 


AN I 


TCIF 






13FE 


C2FA13 


1097 + 


JNZ 


770058 










1098 


WAITT 




;Wait for TCI 




1401 


DB6F 


1099+??0059: IN 


PRTF 


;Get task complete int,etc. 




1403 


Efi02 


1100+ 


AN I 


TCIF 


;Mask it 




1405 


CA0114 


1101 + 


JZ 


770059 


;Walt for task to be complete 




1408 


C9 


1102 


RET 










1103 


; 












1104 




******** 


************************ 








1105 














1106 


.•INTERFACE CLEAR / ABORT ROUTINE 








1107 














1108 














1109 


; INPUTS: 




None 








1110 


; OUT PUTS: 




None 








1111 


; CALLS: 




None 








1112 


; DESTROYS: 




A, F 








1113 


; 












1114 










1409 


3BF9 


1115 


IFCL: MVI 


A, ABORT 




140B 


D3*i9 


1116 


OUT 


CMD92 


;Send IPC 








1117 


WAITX 




;Wait for TCI »0 




140D 


DBf?F 


1118+??0060: IN 


PRTF 




140F 


E602 


1119+ 


AN I 


TCIF 






1411 


C20D14 


1120+ 


JNZ 


770060 










1121 


WAITT 




;Wait for TCI 




141 4 




1122+??0061: IN 


PRTF 


;Get task complete int,etc. 




1416 


E602 


1123+ 


AN I 


TCIF 


;Mask it 




1418 


CA1414 


1124+ 


JZ 


?700fil. 


;Wait for task to be complete 








1125 


;Delete both WAITX & WAITT if this routine 








1126 


;is to be called while 


the 3292 is 








1127 


;Controller-in- 


Charqe. 


If not C.I.C. then 








1128 


;TCI is set, else nothing is set (IPC is sent) 








1129 


;anrl the WAIT'S 


will hanq forever 




141B 


C9 


1130 


RET 












1132 


: 


















231324-45 



3-143 



AP-66 



0032 
0031 
0051 



00FF 
0040 



141C 46553146 
1420 52333748 
1424 48414D32 
1428 564F 
142A 0D 
000F 

142B 50463447 
142F 3754 
0006 

1431 31 

1432 FF 

1433 32 

1434 FF 

1435 51 

1436 FF 



1437 060D 
1439 0E0F 
143B 111C14 
143£ 213314 
1441 CD1C10 



1444 0654 

1446 0E06 

1448 112814 

144B 213114 

144E CD1C10 



1451 CDD013 
1454 CA5114 



1457 11003C 
145A 213514 
145D CD1C12 

1460 IB 

1461 lA 

1462 E640 
1464 CA7714 



1467 060A 
1469 0E11 
146B 213514 
146E 11013C 
1471 CD9F10 
1474 C27714 



1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 



?APPLICATIOM EXAMPLR CODE FOH 8^185 



FGDNL 

FCDNL 

FCDNT 

CR 

LF 



LEMD 
SRQM 



FGDATA: DB 



EQU 


'2' 


;Func qen device num "2" ASCII, Istn 


EQU 


'1' 


;Freq ctr device num "1" ASCII, Istn 


BOU 


•Q' 


;Freq ctr talk address 


EQU 


0Dri 


;ASCII carriage return 


EpU 


0AH 


;ASCII line feed 


EQU 


0PFH 


;List end for Talk/Listen lists 


EQU 


40H 


;Bit indicatinq device sent SRQ 


DB 


•FU1FR37KHAM2VO' ,CR ;Data to set up func 



1145 FCDATA: DB 



1146 LIM2 

1147 LLl: 



15 

'PP4G7r' 



FCDNL, LEND 
FGDNL, LEND 
FCDNT, LEND 



;Buffer length 

;Data to set up freq ctr 



;Buffer length 

;Listen list for freq ctr 



; Listen list for func. qen 
;Talk list for freq ctr 



3C00 
3C00 
0011 



1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 
1161 
1162 
1163 
1164 
1165 
1166 
1167 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 
1191 
1192 
1193 
1194 
1195 
1196 
1197 



; SETUP FUNCTION GENERATOR 

MVI B,CR ;EOS 

MVI CLIMl ;Count 

LXI D, FGDATA ;Oata pointer 

LXI H,LL2 ;Listen list pointer 

CALL SEND 

SETUP FREQ COUNTER 

MVI B,'T' ;EOS 

MVI C,LIM2 ;Count 

LXI D, PCDATA ;Data pointer 

LXI H,LL1 ;Listen list pointer 

CALL SEND 

;WAIT FOR SRQ FROM FREQ CTR 



CALL 


SRQD 


;Has 


SRO occurred ? 


JZ 


LOOP 


;No, 


wa i t f o r it 


POLL 


TO CLEAR 


SRO 




LXI 


D,SPByTE 


;Buffer pointer 


LXI 


H,TL1 




;Talk list pointer 


CALL 


SPOL 






OCX 


D 


;Backup buffer pointer to ctr 


LDAX 


D 


;Get 


status byte 


AN I 


SROM 


;Did 


ctr assert SRQ ? 


JZ 


ERROR 


;Ctr 


should have said yes 



;RECEIVE READING FROM COUNTER 

MVI B , LF ; EOS 

MVI C,LIM3 ;Count 

LXI H,TL1 jTalk list pointer 

LXI D,FCDATI ;Data in buffer pointer 

CALL RECV 

JNZ ERROR 

; 

;******* rest of user processing goes here ***** 
; 

ERROR: NOP ;User dependant error handling 

ETC. 
ORG 3Cfl0H 

SPBYTE: DS 1 

LIM3 EOU 17 



.•Location for serial poll byte 
;Max freq counter input 



3-144 



AP-66 



3C01 1198 FCDATI: DS LIM3 ;Freq ctr input buEfer 

1199 EMD 



PUBLIC SYMBOLS 



EXTER^JAL SYl^BOLS 



us EH SY.1B0LS 






































AHOKT 


A 


HMF9 


ADR 01 


A 


00«;<; 


ADRMD 


A 


00';4 


ADR ST 


A 


01^4 


AUX^D 


A 


00';s 


AXRA 


A 


00 80 


AXRB 


A 


00^0 




A 


mfii 


BOF 


A 


0001 


BOM 


A 


0«»12 


BUSST 


A 


00«iR 


CAHCY 


A 


00-^3 


CLKRT 


A 


0v»?3 


CLRA 


+ 


0037 


CLHST 


A 




CMD92 


A 


0Of5Q 


CPT 


A 


00n«) 


CPT EM 


A 


00911 


CPTRG 


A 


00'=;5 


CR 


A 


0010 


OCL 


A 


0014 


DCLR 


A 


llEC 


DCLRl 


A 


11F0 


DCLR 2 


A 


1209 


DIM 


A 


01^*; 'I 


nouT 


A 


00<;0 


DTDLl 


A 


0P<;i 


DTDL2 


A 


00R0 


EDKOS 


A 


a«fl4 




A 


0011 


EOIS 


A 


000P 


EOIST 


A 


!102« 


EOS"^ 


A 


03''>7 


ERFLG 


A 


30''ift 


ERHM 


A 


00«ft 


ERROR 


A 


1477 


EVi3IT 


A 


0310 


EVCST 


A 




SVREG 


A 


006« 


EXPP 


A 


H0F5 


FCDATA 


A 




FCDATI 


A 


3C01 


FCONL 


A 


0031 


FCDNf 


A 


0051 


FGDATA 


A 


I^IC 


PGDNL 


A 


003? 


FNHSK 


A 






A 


0318 


GIDL 


A 


00F1 


GSKC 


A 


f50F4 


GTSI 


A 


00Ffi 


HOEMD 


A 


0012 


HOHSK 


A 


0Pf11 


lACK 


A 


003B 


IBF8T 


A 


301? 


IBFF 


A 


05)10 


IFCL 


A 


1409 


INIT 


A 


1000 


INTl 


A 


00«1 


INT2 


A 


00<^2 


INTr-l 


A 


00A0 


IMT'11 


A 


H3<;i 


INTMR 


A 


02)68 


INTST 


A 


(?0*)9 


LA 


A 


0001 


LEND 


A 


00FF 


LF 


A 


000A 


LIMl 


A 


000P 


LI.M2 


A 


mn'^ 


LIM3 


A 


0011 


LLl 


A 


1431 


LL2 


A 


1433 


LOCL 


A 


13F«? 


LON 


A 


0040 


LOOP 


A 


1411 


MDA 


A 


03H1 


MLA 


A 


00?1 


^lODEl 


A 


HHllll 


ivlTA 


A 




NVC«in 


A 


0007 


OBFF 


A 


00*^8 


PCTL 


A 


13/»/l 


PCTLl 


A 


138A 


PPC 


A 


0005 


PPD 


A 


007« 


PPDS 


A 


12E0 


PPDSl 


A 


12E/I 


PPDS2 


A 


12FD 


PPE 


A 


00*^3 


PPEN 


A 


1?A3 


PPENl 


A 


12A7 


PPEM2 


A 


12D8 


PPOL 


A 


1327 


PPU 


A 


001S 


PP'JN 


A 


131B 


PRT91 


A 


00«;0 


PRT9? 


A 


00«;r 


PHTF 


A 


00'iF 


RANGE 


+ 


0«0 5 


RdST 


A 


0flE7 


RCST 


A 


30E'^ 


RCTL 


A 




RCTLl 


A 


13CA 


HCTL2 


A 


13CF 


RECV 


A 


109F 


KECVl 


A 


10EA 


RECV2 


A 


110S 


RECV3 


^ 


110*; 


RECV4 


A 


1110 


R FCV*; 


A 


1117 


RECV*; 


A 


1139 


RFHE 


A 


13R3 


RERF 


A 


00E4 


RERM 


A 


fl3£A 


REVC 


A 


00E3 


RINvi 


A 


P0E5 


rss;t 


A 


00F2 


RSTI 


A 


00F3 


RTOUT 


A 


00E9 


SDEOI 


A 


0006 


SEND 


A 


101C 


SE-^Dl 


A 


102E 


SEN 02 


A 


1047 


SRND3 


A 


10*^9 


SEND4 


A 


1070 


SKNID5 


A 


107F 


SEND6 


A 


1083 


SETF 


+ 


000;5 


SLOC 


A 


00F7 


SP8YTE 


A 


3C0n 


SPCNI 


A 


O3F0 


SPO 


A 


0019 


SPE 


A 


0018 


SPIF 


A 


0004 


SPOL 


A 


121C 


SPOLl 


A 


123D 


SP0L2 


A 


1794 


SREM 


A 


00F8 


SROBT 


A 


0070 


SROO 


A 


13D0 


SRQDl 


A 


13DB 


SRQD2 


A 


13K2 


3R0M 


A 


0040 


STCMI 


A 


00PR 


TA 


A 


0002 


rCASY 


A 


03PC 


TCIF 


A 


0002 


rCNTR 


A 


H0FA 


TCSY 


A 


00FD 


TCT 


A 


0009 


TLl 


A 


1435 


TLON 


A 


30C0 


TOM 


A 


03'* 11 


TOREG 


A 


00'jS 


TOST 


A 


{10fi8 


tOUTl 


A 


0001 


TOUT 2 


A 


00fl2 


TOUT 3 


A 


0004 


TRIG 


A 


IIBC 


TRIGl 


A 


11C0 


TRIG 2 


A 


1109 


UVL 


A 


003F 


VSC>1D 


A 


000F 


WAIT I 


+ 


0002 


'VAITO 


+ 


1001 


WAITT 




;i034 


^AITX 


+ 


03«3 


VEVC 


A 


03E? 


■mOUT 


A 


0 3S1 


XFErt 


A 


113A 


XFERl 


A 


1153 


KFER2 


A 


11*^C 


XFER3 


\ 


1193 


XFER4 


A 


IIBB 









ASSEMBLY COMPLETE, NO ERRORS 
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APPENDIX B 



Test Cases for the Software Drivers Analyzer was used. This analyzer acted as a talker, lis- 

tener or another controller as needed to execute the 
The following test cases were used to exercise the soft- tests. The sequence of outputs are shown with each test, 
ware routines and to check their action. To provide All numbers are hexadecimal, 
another device/controller on the GPIB a ZT488 GPIB 



Send Test Cases 



B = 


44 


44 


44 


C = 


30 


2 


0 


DE = 


3E80 


3E80 


3E80 


HL = 


3E70 


3E70 


3E70 


3E70: 


20 30 3E 3F 






3E80: 


11 44 






GPIB output: 


41 ATN 


41 ATN 


41 ATN 




3F ATN 


3FATN 


3FATN 




20 ATN 


20 ATN 


20 ATN 




30 ATN 


30 ATN 


30 ATN 




3EATN 


3EATN 


3EATN 




11 


11 






44 EOl 


44 EOl 




Ending 8 = 


44 


44 


44 


Ending C = 


2E 


0 


0 


Ending DE = 


3E82 


3E82 


3E80 


Ending HL = 


3E73 


3E73 


3E73 



Receive Test Cases 



B = 


44 


44 


44 


44 


44 


44 


44 


C = 


30 


30 


30 


30 


4 


4 


0 = 256 


DE = 


3E80 


3E80 


3E80 


3E80 


3E80 


3E80 


3E80 


HL = 


3E70 


3E70 


3E70 


3E70 


3E70 


3E70 


3E70 


3E70: 


40 


50 


5E 


5F 


40 


40 


40 


3PIB output: 


40 ATN 


50 ATN 


5E ATN 




40 ATN 


40 ATN 


40 ATN 




3FATN 


3FATN 


3FATN 




3FATN 


3FATN 


3FATN 




21 ATN 


21 ATN 


21 ATN 




21 ATN 


21 ATN 


21 ATN 


ZT488 Data 


1 


1 


1 




1 


11 


1 


In 


2 


2 


2 




2 


22 


2 




3 


3 


3 




3 


33 


3 




4 


4 


44,EOI 




4 


44 


44 




44 


5,E0I 












Ending A = 


0 


0 


0 


5F 


40 


0 


0 


Ending B = 


0 


0 


0 


44 


40 


0 


0 


Ending C = 


2B 


2B 


2C 


30 


0 


0 


FC 


Ending DE = 


3E85 


3E85 


3E84 


3E80 


3E84 


3E84 


3E84 


Ending HL= 


3E71 


3E71 


3E71 


3E70 


3E71 


3E71 


3E71 
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Serial Foil Test Cases 



c= 


30 


C = 


30 


DE = 


3E80 


DE = 


3E80 


HL = 


3E70 


HL = 


3E70 


3E70: 


40 


3E70: 


5F 




50 


GPIB output- 


3F ATN 




5E 




21 ATN 




5F 




18 ATN 


GPIB output- 


3F ATN 




19 ATN 


output: 


21 ATN 


Ending C = 


30 


output: 


18 ATN 


Ending DE = 


3E80 


output: 


40 ATN 


Ending HL= 


3E70 


input*: 


00 






output: 


50 ATN 






input*: 


41 






output: 


5E ATN 






input*: 


7F 






output: 


19 ATN 






*NOTE: leave ZT488 in single step mode even on input 




Ending C = 


30 






Ending DE = 


3E83 






Ending HL= 


3E73 






Ending 3E80: 


00 41 7F 







Pass Control Test Cases 

HL= 3E70 3E70 3E70 

3E70: 40 41(MTA) 5F 

GPIB output 40 ATN 

09 ATN 
-ATN 

Ending HL= 3E71 3E70 3E70 

Ending A = 02 41(MTA) 5F 



Receive Control Test Cases 

GPIB input 10 ATN 40 ATN 41 ATN 

ATN 09 ATN 09 ATN 

Run Receive Control 

GPIB Input ATN ATN 

Ending A = 0 0 09 
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Parallel Poll Enable Test Cases 

DE = 
HL= 
3E70: 
3E80: 
GPIB output: 



Ending DE = 
Ending HL = 



3E80 
3E70 

20 30 3E 3F 
01 02 03 
3FATN 
20 ATN 
05 ATN 

61 ATN 
30 ATN 
05 ATN 

62 ATN 
3E ATN 
05 ATN 

63 ATN 
3E83 
3E73 



3E80 
3E70 
3F 

3FATN 



3E80 
3E70 



Parallel Poll Disable Test Cases 

HL = 
3E70: 
GPIB output: 



Ending HL= 



3E70 

20 30 3E 3F 

3FATN 

20 ATN 

30 ATN 

3EATN 

05 ATN 

70 ATN 

3E73 



3E70 
3F 

3FATN 
05 ATN 
70 ATN 



3E70 



Parallel Poll Unconf igure Test Case 

GPIB output: 15 ATN 

Parallel Poll Test Cases 

SetDIO# 1 2 3 4 5 6 7 8 Non© 
Ending A 1 2 4 8 10 20 40 80 0 



SRQ Test 



Ending A = 



Set SRQ momentarily 
02 



Reset SRQ 
00 
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Trigger Test 

HL= 3E70 
DE= 3E80 
BC= 4430 
3E70: 20 30 3E 3F 

GPIB output: 3F ATN 

20 ATN 
30 ATN 
3E ATN 
08 ATN 
Ending HL= 3E73 
DE= 3E80 
BC= 4430 



Device Clear Test 



HL== 3E70 
DE- 3E80 
BC= 4430 
3E70: 20 30 3E 3F 

GPIB output: 3F ATN 

20 ATN 
30 ATN 
3EATN 
14 ATN 

Ending HL= 3E73 
DE= 3E80 
RC= 4430 



XFER Test 

B= 44 
HL= 3E70: 
3E70: 40 20 30 3E 3F 

GPIB output: 40 ATN 

3FATN 
20 ATN 
30 ATN 
3E ATN 

GPIB input: 0 

1 
2 
3 

44 

Ending A = 0 
B= 44 
HL = 3E74 
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Application Example 
GPIB Output/Input 

GPIB output: 41 ATN 

3FATN 
32 ATN 
46 
55 
31 
46 
52 
33 
37 
4B 
48 
41 
4D 
32 
56 
4F 

OD EOl 

41 ATN 

3FATN 

31 ATN 

50 

46 

34 

47 

37 

54 EOl 

GPIB input: SRQ 
GPIB output: 3F ATN 

21 ATN 
18 ATN 
51 ATN 

GPIB input: 40 SRQ 

GPIB output: 19 ATN 

51 ATN 
3FATN 
21 ATN 
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GPIB input: 



GPIB output: 



20 
2B 
20 
20 
20 
33 
37 
30 
30 
30 
2E 
30 
45 
28 
30 
OD 
OA 

XXATN 
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APPENDIX C 



REMOTE MESSAGE CODING 

Bus Signal Llne(s) and 
Coding That Asserts thie 
True Value of the Message 

C 









T 


1 


D 














D 


NN 


















y 


a 


1 














1 


DRD 


A 


E 


s 


r 


R 








P 


s 


0 














0 


AFA 


T 


0 


R 


F 


E 


Mnemonic 


Message Name 


e 


s 


8 


7 


6 


5 


4 


3 


2 


1 


VDC 


N 


1 


Q 


c 


N 




addressed command group 




Kyi 

M 


AP 


V 
Y 


u 


u 


u 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


YYY 
AAA 


i 
1 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


ATM 
M 1 IN 


attention 




1 1 

U 




Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


VVV 
AAA 


A 

\ 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Ur\o 


data byte 


(Notes 1,9) 


KA 

Ni 


uu 


n 
u 


n 
u 


n 
u 


n 
u 


n 
u 


n 
u 


n 
u 


n 
u 


YYY 
AAA 


n 
u 


Y 
A 


Y 
A 


Y 
A 


Y 
A 












Q 

o 


-7 

I 


b 


c 
0 


4 


o 

o 




A 
1 














nAP 


data accepted 




1 1 
U 


uc 
no 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


YYn 
AAU 


Y 
A 


Y 

A 


Y 
A 


Y 
A 


Y 
A 


UrW 


data valid 




1 1 
U 


no 


X 


X 


Y 
A 


X 


X 


X 


X 


X 


1 YY 
1 AA 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


Y 
A 




device clear 




M 




Y 


0 


u 


1 


0 


1 


0 


0 


YYY 
AAA 


-t 
1 


Y 
A 


Y 
A 


Y 
A 


Y 
A 


FND 


end 




1 1 
U 


O i 


X 


X 


Y 
A 


X 


X 


X 


X 


X 


XXX 


0 


1 


X 


Y 
A 


Y 
A 




end of string 


(Notes 2, 9) 


K>l 
M 


nn 
uu 


E 


E 


t 


E 


E 


E 


E 


E 


XXX 


0 


X 


X 


Y 
A 


Y 
A 












8 


7 


6 


5 


4 


3 


2 


1 














GET 


group execute trigger 




M 


AC 


Y 


0 


0 


0 


1 


0 


0 


0 


XXX 


1 


X 


X 


X 


X 


cvri 
\j 1 1_ 


go to local 




M 


AP 


Y 


0 


u 


0 


0 


0 


0 


1 


XXX 


1 


X 


X 


Y 
A 


Y 
A 


inv 

lU T 


identify 




1 1 
U 




X 


X 


Y 
A 


X 


X 


X 


X 


X 


XXX 


X 


1 


X 


Y 
A 


Y 
A 


Irvy 


interface clear 




1 1 
\J 


1 IP 
Uw 


X 


X 


Y 

A 


X 


X 


X 


X 


X 


XXX 


X 


X 


X 


1 


Y 
A 


LAG 


listen address group 




M 


AD 


Y 


0 


1 


X 


X 


X 


X 


X 


XXX 


1 


X 


X 


X 


X 


LLO 


local lock out 




M 


UC 


Y 


0 


0 


1 


0 


0 


0 


1 


XXX 


1 


X 


X 


X 


X 


MLA 


my listen address 


(Note 3) 


M 


AD 


Y 


0 


1 


L 


L 


L 


L 


L 


XXX 


1 


X 


X 


X 


X 


















5 


4 


3 


2 


1 














MTA 


my talk address 


(Note 4) 


M 


AD 


Y 


1 


0 


T 


T 


T 


T 


T 


XXX 


1 


X 


X 


X 


X 


















5 


4 


3 


2 


1 














MSA 


my secondary address 


(Note 5) 


M 


SE 


Y 


1 


1 


S 


S 


S 


S 


S 


XXX 


1 


X 


X 


X 


X 


















5 


4 


3 


2 


1 














NUL 


null byte 




M 


DD 


0 


0 


0 


0 


0 


0 


0 


0 


XXX 


X 


X 


X 


X 


X 


OSA 


other secondary address 




M 


SE 


(OSA 




SCG A MSA) 














OTA 


other talk address 




M 


AD 


(OTA 




TAG A MTA) 














PCG 


primary command group 




M 




(PCG 




ACG V UCG V LAG V TAG) 






PPC 


parallel poll configure 




M 


AC 


Y 


0 


0 


0 


0 


1 


0 


1 


XXX 


1 


X 


X 


X 


X 


PRE 


parallel poll enable 


(Note 6) 


M 


SE 


Y 


1 


1 


0 


S 


P 


P 
2 


p 


XXX 


1 


X 


X 


X 


X 


PPD 


parallel poll disable 


(Note 7) 


M 


SE 


Y 


1 


1 


1 


D 


3 
D 


D 


1 

D 


XXX 


1 


X 


X 


X 


X 




















4 


3 


2 


1 














PPR1 


parallel poll response 1 1 




U 


ST 


X 


X 


X 


X 


X 


X 


X 


1 


XXX 


1 


1 


X 


X 


X 


PPR2 


parallel poll response 2 J 


(Note 10) 


U 


ST 


X 


X 


X 


X 


X 


X 


1 


X 


XXX 


1 


1 


X 


X 


X 
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REMOTE MESSAGE COPING (Continued) 



















Bus Signal Line(s) and 
























Coding Tliat Asserts the 
















c 








True Value of the Message 












J 


















D 


NN 


















y 


3 


















DRD 


A 


E 


s 




R 








n 
r 


3 


0 














0 


AFA 


T 


0 


R 


F 


E 


Mnemonic 


Message Name 




3 


3 


7 


5 


5 


4 


3 


2 


1 


VDC 


N 




Q 


c 


N 


PPR3 


parallel poll response 3 ^ 




u 


ST 


X 


X 


X 


X 


X 


1 


X 


X 


XXX 


1 


1 


X 


X 


X 


PPR4 


parallel poll response 4 f 


(Note 10) 


u 


ST 


X 


X 


X 


X 


1 


X 


X 


X 


XXX 


1 


1 


X 


X 


X 


PPR5 


parallel poll response 5 J 




u 


ST 


X 


X 


X 


1 


X 


X 


X 


X 


XXX 


1 


1 


X 


X 


X 


PPR6 


parallel poll response 6 ^ 




u 


ST 


X 


X 


1 


X 


X 


X 


X 


X 


XXX 


1 


1 


X 


X 


X 


PPR7 


parallel poll response 7 r 


(Note 10) 


u 


ST 


X 


1 


X 


X 


X 


X 


X 


X 


XXX 


1 


1 


X 


X 


X 


PPR8 


parallel poll response 8 J 




u 


ST 


1 


X 


X 


X 


X 


X 


X 


X 


XXX 


1 


1 


X 


X 


X 


PPU 


parallel poll unconfigure 




M 


UC 


Y 


0 


0 


1 


0 


1 


0 


1 


XXX 


1 


X 


X 


X 


X 


REN 


remote enable 




U 


UC 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 


X 


X 


X 


X 


1 


RFD 


ready for data 




U 


HS 


X 


X 


X 


X 


X 


X 


X 


X 


XOX 


X 


X 


X 


X 


X 


RQS 


request service 


(Note 9) 


U 


ST 


X 


1 


X 


X 


X 


X 


X 


X 


XXX 


0 


X 


X 


X 


X 


SCG 


secondary command group 




M 


SE 


Y 


1 


1 


X 


X 


X 


X 


X 


XXX 


•\ 


X 


X 


X 


X 


SDC 


selected device clear 




M 


AC 


Y 


0 


0 


0 


0 


1 


0 


0 


XXX 


1 


X 


X 


X 


X 


SPD 


serial poll disable 




M 


UC 


Y 


0 


0 


1 


1 


0 


0 


1 


XXX 


1 


X 


X 


X 


X 


SPE 


serial poll enable 




M 


UC 


Y 


0 


0 


1 


1 


0 


0 


0 


XXX 


1 


X 


X 


X 


X 


SRQ 


service request 




U 


O 1 


X 


X 


X 


X 


X 


X 


X 


X 


XXX 


X 


X 


1 


V 

A 


V 
A 


STB 


status byte 


(Notes 8, 9) 


M 


ST 


s 


X 


s 


s 


s 


s 


s 


s 


XXX 


0 


X 


X 


X 


X 












8 




6 


5 


4 


3 


2 


1 














TCT 


take control 




M 


AC 


Y 


0 


0 


0 


1 


0 


0 


1 


XXX 


1 


X 


X 


X 


X 


TAG 


talk address group 




M 


AD 


Y 


1 


0 


X 


X 


X 


X 


X 


XXX 


1 


X 


X 


X 


X 


UCG 


universal command group 




M 


UC 


Y 


0 


0 


1 


X 


X 


X 


X 


XXX 


1 


X 


X 


X 


X 


UNL 


unlisten 




M 


AD 


Y 


0 


1 


1 


1 


1 


1 


1 


XXX 


1 


X 


X 


X 


X 


UNT 


untalk 


(Note 11) 


M 


AD 


Y 


1 


0 


1 


1 


1 


1 


1 


XXX 


1 


X 


X 


X 


X 



The 1 /O coding on ATN when sent concurrent with multiline messages has been added to this revision for interpretive convenience. 



NOTES: 

1. D1-D8 specify the device dependent data bits. 

2. E1-E8 specify the device dependent code used to indi- 
cate the EOS message. 

3. L1-L5 specify the device dependent bits of the device's 
listen address. 

4. T1 -T5 specify the device dependent bits of the device's 
talk address. 

5. 81 -85 specify the device dependent bits of the device's 
secondary address. 

6. 8 specifies the sense of the PPR. 

S Response 

0 0 

1 1 

PI -P3 specify the PPR message to be sent when a paral- 
lel poll is executed. 



P3 



P2 P1 



PPR Message 



PPR1 



1 1 1 PPR8 

7. D1-D4 specify don't-care bits that shall not be decoded 
by the receiving device. It is recommended that all zeroes 
be sent. 

8. 81 -86, 88 specify the device dependent status. (DI07 
is used for the RQS message.) 

9. The source of the message on the ATN line is always 
the C function, whereas the messages on the DIO and EG! 
lines are enabled by the T function. 

1 0. The source of the messages on the ATN and EOl lines 
is always the C function, whereas the source of the mes- 
sages on the DIO lines is always the PP function. 

1 1 . This code is provided for system use, see 6.3. 
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89024 

2400 BPS INTELLIGENT MODEM CHIP SET 



For Public Switched Telephone 
Network and Unconditioned Leased 
Lines Applications 

V.22 bis, V.22 A/B, V.21, Bell 212A, and 
Bell 103 Compatible 

Serial Command Set Compatible with 
Hayes Smartmodem 2400 

Automatically Adapts to Remote 
Modem Type with Recognition of Data 
Rates 

DTMF and Pulse Dialing, with Automatic 
Selection of Dial Signaling 

On-ChIp Hybrid and Billing Delay Timer 

On-ChIp Serial Port and Handshake 
Signals for RS-232/V.24 Interface 

Telephone Line Audio Monitor Output 

Analog/Digital Loopback Diagnostics 
with Mark/Space Pattern Generation 
and Error Detection 

Simple Serial Interface to External 
NVRAM 



Easily Customized Command Set and 
Features 

Two Chip intelligent Modem Solution 
with Minimal External Components 

No External juiC Required 

Output Level Programmable over 16 dB 
Range 

Dial and Re-dial Capability 

Full Set of Control Signals for DAA 
Interface 

Local, External, or Slave Timing 
Options in Synchronous Mode 

Adaptive Equalization 

Capable of Detecting Dial, Busy, 
Ringback and Modem Answer Tones of 
Most International Networks 

Auxiliary Relay Control Output 



89026 



89027 



DTE 
INTERFACE 



HAYES COMMANDS 



FSK MODULATOR/ 
DEMODULATOR 



DTMF TONE GENERATOR 
ANSWER TONE GEN. 



QAM/PSK TRANSMIHER 
SCRAMBLER/ENCODER 



QAM/PSK RECEIVER 
SIGNAL RECOVERY 
DESCRAMBLER, DECODER 



DAA INTERFACE 



A/D 



XMIT 
FILTERS 



SMOOTH 
FILTER 



PROG. 
GAIN 



RECEIVE 
FILTER 



H 



ANTI-ALIAS 
FILTER 



TELEPHONE 

LINE 
INTERFACE 
(DAA) 



HILBERT 
TRANSFORM 



AGC [ <j 



LINE CONTROL/STATUS 
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GENERAL DESCRIPTION 

The Intel 89024 chip set is a highly integrated, high 
performance, intelligent modem, providing si com- 
plete system in two chips. The system conforms to 
the following CCITT and Bell standards: 

• CCITJV.22bis 

2400 bps sync and async 

1 200 bps sync and async (fall-back) 

• CCITT V.22 A & B 

1 200 bps sync and async 

600 bps sync and async (fall-back) 

• CCITT V.21 

0 to 300 bps anisochronous 

• BELL 21 2A 

1 200 bps sync and async 
300 bps fall-back mode 

• BELL 103 

0 to 300 bps anisochronous 

The 89024 system consists of a 16 bit application 
specific processor (89026) and an analog front end 
device (89027). The 89026 processor performs all 
"Digital Signal Processing" algorithm execution for 
processing the modem signals, as well as providing 
all modem control functions typically performed by 
an external processor. The analog front end pro- 
vides for 2 wire and 4 wire telephone line interface, 
D/A conversion, and most of the complex filtering 
functions required in QAM/DPSK/FSK modems. 
Refer to Figure 1 for a simplified block diagram of 
the system. 

In stand-alone modem applications, the 89024 chip 
set along with a Data Access Arrangement (DAA), a 



serial NVRAM, and RS-232 driver/receivers, repre- 
sent the circuitry required for implementing an auto- 
dial, auto-answer, 300 to 2400 bps, full duplex 
Hayes compatible intelligent modem. 

A complete set of industry standard AT commands 
is provided for modem configuration and user inter- 
face. Virtually all PC software written for the Hayes 
Smartmodem 2400 can also be used with this chip 
set. Alternatively, in applications where user proprie- 
tary modem control commands and features are de- 
sired, the user can replace the 89024 internal com- 
mand module with custom proprietary software resi- 
dent in the 89026 microcontroller's on-chip ROM or 
an external memory device. 

The 89024 has a set of default features. Upon power 
up, the modem configuration will be in accordance 
with these default options, unless a different config- 
uration has been saved in the external NVRAM with 
the &W command. 

The 89024 modem has built in auto-dialing and auto- 
answering capabilities. It can be configured to the 
proper line signaling mode (Tone or Pulse), and to to 
the type (CCITT or Bell) and speed of the calling or 
answering modem. It can also detect and identify 
call set-up signals of telephone networks, allowing 
unattended data call operation. 

A full set of diagnostic loop-test features compatible 
with CCITT V.54 is supported. The chip set also pro- 
vides a line signal for audio monitoring of call prog- 
ress, a comprehensive set of DAA control lines for a 
simple interface to the telephone network, and a full 
complement of TTL level RS-232/ V.24 handshake 
signals. 



NOTICE: 

Hayes is a registered trademark of Hayes Microcomputer Products, Inc. 
Smartmodem 2f00 is a trademark of Hayes Microcomputer Products, Inc. 
Smartcom II is a registered trademark of Hayes Microcomputer Products, Inc. 

4-2 



89024 



[PI^ilLOIJfflDKlMY 



PACKAGING 



Both devices are available in standard DIP packages 
as well as PLCC packages for surface mount appli- 
cations. 
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CALL ESTABLISHMENT, 
TERMINATION AND RETRAIN 

The 89024 modem system incorporates all proto- 
cols and functions required for automatic (or manu- 
al) establishment, progress and termination of a 
data call. 

The modem chip-set has a built in auto-dialer, both 
DTMF and Pulse type, and is capable of automati- 
cally adapting to the telephone dial type. The dialing 
sequence on the telephone link conforms to the 
CCITT V.25 recommendations. An exception to the 
V.25 is that the interrupted calling tone will not be 
transmitted by the calling modem, as is suggested in 
V.22 bis. 

The modem can detect the dial, busy and ringback 
signals at remote end, and will provide call progress 
messages to the user. The modem is capable of re- 
dialing the last number dialed, by one command. 

The modem when configured for auto-answer, will 
answer an incoming call, i'emain silent for the two 
second billing delay interval, before transmitting the 
answer tones. Aften/vards modem to modem identifi- 
cation and handshaking will proceed at a speed and 
operating mode acceptable to both ends of the link. 

The data call can also be setup by manual dialing 
with the modems set to data mode, or by voice to 
data transfer by means of mechanical switch (exclu- 
sion key), using the SH pin. Once set to data mode, 
the modem handshaking will proceed before the 
modems will be ready to accept and exchange data. 

During data transmission, if one of the modems finds 
that the received data is likely to have a high bit error 
rate (indicated by a large nrtean square error in the 
adaptive equalizer), it initiates a retrain sequence. 
This automatic retrain feature is only available at 
2400 bps, and conforms to CCITT V.22 bis recom- 
mendations. 

Disconnection of the data call can be initiated by the 
DTE at the local end, or by the remote DT E, (if the 
modem is configured to accept it). Whether DTR will 
initiate a disconnect, depends on the last &D Com- 
mand. Receiving a long space from a remote mo- 



dem will initiate a disconnect only after a Y1 com- 
mand. The optional disconnect requests originated 
by the remote modem, are of two types, (1) discon- 
nect when receiving long-space, and (2) disconnect 
when received carrier is dropped. The modem chip- 
set can also be configured to transmit 'long-space' 
just before disconnection, in each of the aforemen- 
tioned cases. 

Because the CCITT and Bell modem connection 
protocols are quite different from each other and do 
not provide recognition of remote modem type (i.e. 
V.22 bis to 21 2A), the Intel chip-set provides the ad- 
ditional capability of identifying the remote modem 
type. This feature is beneficial during the migration 
phase of the technology from the 1 200 bps to 2400 
bps. In North America, where the installed base of 
1200 bps modems is mostly made-up of 21 2A type, 
this feature allows a "Data Base Service Provider" 
to easily upgrade the existing 21 2A modems to 2400 
bps V.22 bis standard, transparently, to 212A users. 
Similarly, a user with a 89024 based modem system 
can automatically call data bases with either 21 2A or 
V.22 bis modems, without concern over the differ- 
ence. This feature's benefits are realized in smooth 
upgrading of data links, with minimum cost and re- 
duced disruption in services. Refer to Table 1 for a 
detailed description of remote modem compatibility. 



SOFTWARE CONFIGURATION 
COMMANDS 

This section lists the 89024 commands and registers 
that may be used while configuring the modem. 
Commands instruct the modem to perform an ac- 
tion, the value in the associated registers determine 
how the commands are performed, and the result 
codes retyrned by the modem tell the user about the 
execution of the commands. 

The commands may be entered in a string, with or 
without spaces in between. Any spaces within or be- 
tween commands will be ignored by the modem. 
During the entry of any command, the 'backspace' 
key (CNTRL H) can be used to correct any error. 
Upper case or lower case characters can be used in 
the commands. Commands described in the follow- 
ing paragraphs refer to asynchronous terminals us- 
ing ASCII codes. 
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Table 1. Remote Modem Compatibility 



Originating 








Answer Modem 










Deii 




CCITT 


CCITT 


UUI 1 1 


^Vl 1 1 


lyiodem 




300 


1200 


300 


600 


1200 


2400 


Bell 


300 


300 


300 






300* 


300* 




1200 


1200* 


1200 






1200 


1200 


CCITT 


300 






300 










600 








600 








1200 


1200* 


1200 






1200 


1200 




2400 


1200* 


1200 






1200 


2400 




Answering 








Originating Modem 






89024 




Bell 


Bell 


CCITT 


CCITT 


CCITT 


CCITT 


Modem 




300 


1200 


300 


600 


1200 


2400 


Bell 


300 


300 


1200 






1200 


1200 




1200 


300 


1200 






1200 


1200 


CCITT 


300 






300 










600 








600 








1200 


300* 


1200 






1200 


1200 




2400 


300* 


1200 






1200 


2400 



* These connection data rates are obtained when connecting 89024 based modems end to end. The same results may not 
be obtained when a 89024 based modem is connected to other modems. 



Command Set 



& Command Set (Continued) 



AT 


Attention code. 




&C 


DCD Options 


A 


Go off-hook in answer mode 




&D 


DTR Options 


A/ 


Repeat previous command string 




&F 


Fetch Factory Configuration Profile 


Bn 


BELL/CCITT Protocol Compatibility at 




&G 


Guard Tone 




1200 bps 




&J 


Telephone Jack Selection 


Ds 


The dialing commands 




&L 


Leased/Dial-up Line Selection 




(0-9ABCD* # PRTSW.; @) 




&M 


Async/Sync Mode Selection 


En 


Echo command (En) 




&P 


Make/Break Pulse Ratio 


Hn 


Switch-Hook Control 




&R 


RTS/CTS Options 




If &J1 option is selected, HI will also 




&S 


DSR Options 




switch the auxiliary relay 




&T 


Test Commands 


In 


Request Product Code and Checksum 




&W 


Write Configuration to Non Volatile Memory 


Ln 


Speaker Volume 




&X 


Sync Clock Source 


Mn 


Monitor On/Off 




&Z 


Store Telephone Number 




On-Line 






0 






Qn 


Result Codes 






Sn = x 


Write S Register 






Sn 


Read S Register 






Vn 


Enable Short-Form Result Codes 






Xn 


Enable Extended Result Code 






Yn 


Enable Long Space Disconnect 






Z 


Fetch Configuration Profile 






+ + + 


The Default Escape Code 
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CONFIGURATiON REGISTERS 

The modem stores all the configuration information 
in a set of registers. Some registers are dedicated to 
special command and function, and others are bit- 
mapped, with different commands sharing the regis- 
ter space to store the command status. 



s* 


Ring to Answer 


S1 


Ring Count. (Read Only) 


S2 


Escape Code Character 


S3 


Carriage Return Character 


S4 


Line Feed Character 


S5 


Back Space Character 


S6 


Wait for Dial Tone 


S7 


Wait for Data Carrier 


S8 


Pause Time for the Comma Dial Modifier 


S9 


Carrier Detect Response Time 


S10 


Lost Carrier to Hang Up Delay 


S11 


Not Used 


S12 


Escape Code Guard Time 


S13 


Not Used 


S14* 


Bit Mapped Option Register 


S15 


Not Used 


S16 


Modem Test Options 


S17 


Not Used 


S18* 


Test Timer 


S19 


Not Used 


S20 


Not Used 


S21 * 


Bit Mapped Options Register 


S22* 


Bit Mapped Options Register 


S23* 


Bit Mapped Options Register 


S24 


Not Used 


S25* 


Delay to DTR (Sync Only) 


S26* 


RTS to CTS Delay (Half Dup.) 


S27* 


Bit Mapped Options Register 



NOTE: 

* These S registers can be stored in the NVRAM. 



Dial Modifiers 



p 


Pulse Dial 


R 


Originate call in Answer Mode 


-r 
1 


Tone Dial 


S 


Dial a stored number 


W 


Wait for dial tone 




Delay a didi sequence 


> 


Return to command state 




Initiate a flash 


@ 


Wait for quit 




If neither P or T Is specified in the command 




string, the modem automatically selects the 




proper dial mode. 



Example: 

Terminal: AT &Z T 1 (602) 555-1212 
Modem: OK 

Result: Modem stores T1 6025551 21 2 in the ex- 
ternal NVRAM. 

The number can be dialed from asynchronous mode 
by issuing the following command: 

Terminal: AT DS 
Modem: T1 6025551 21 2 

or by turning on DTR when in Synchronous Mode 2. 
Up to 33 symbols (dial digits and dial modifiers) may 
be stored. Spaces and other delimiters are ignored 
and do not need to be included in the count. If more 
than 33 symbols are supplied, the dial string will be 
truncated to 33. 



APPLICATIONS OVERVIEW 

The block diagram of a stand-alone 300 to 2400 bps 
Hayes compatible modem is depicted in Figure 3. 
The DAA section shpwn in this diagram may be ob- 
tained with FCC registration, or implemented using 
the suggested diagram in Figure 4. 
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NOTE: 

Pin #22 and pin #19 are NO CONNECT for the 89024 modem application. 



Figure 3. Typical IModem Configuration 
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Figure 4. Typicai Telephone Line Interface with Built In Hybrid 
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SYSTEM COMPATIBILITY SPECIFICATIONS 



Parameter 


Specification 


Synchronous 


2400 bps ±0.01% 
1200 bps ±0.01% 
600 bps ±0.01% 


V.22 bis 

V.22 and BELL 21 2A 
V.22 A,B 


Asynchronous 


0 - 300 bps anisochronous. 


Asynchronous Speed Range 


+ 1 % -2.5% default. Extended +2.3% -2.5% range of CCITT 

«tflnHflrH<5 rtntinnal via cnftwflm oiiQtnmi7fltlnn 

OlCIIIVJCllvJO VJ|JIIV/I ICII VICI O^llWCllw V^UOIiUI 1 Ili^Clllv/M. 


Asynchronous Format 


ft Q 10 11 hit<5 inpluriinn ^tarf' ^toD Darltv Rit^ 8 9 11 notional 

via S/W customization. 


Synchronous Timing Source 


Internal, derived from the local oscillator. 
External, provided by DTE through XTCLK. 
Slave, derived from the received clock. 


Telephone Line Interface 


Two wire full duplex over public switched network or 4 wire 
leased lines. 

On-chip hybrid and billing delay timers. 
Output level - 1 to - 16 dBm 


Modulation 


V.22 bis, 1 6 point QAM at 600 baud. 
V.22 and 21 2A, 4 point DPSK at 600 baud. 
V.21 and 103, binary phase coherent FSK 


Output Spectral Shaping 


Square root of 75% raised cosine, QAM/PSK. 


Transmit Carrier Frequencies 
V.22bis,V.22,212A 

V.21 

Bell 103 mode 


Originate 
Answer 

Originate 'space' 
Originate 'mark' 
Answer 'space' 
Answer 'mark' 
Originate 'space' 
Originate 'mark' 
Answer 'space' 
Answer 'mark' 


1200 Hz ± .01% 
2400 Hz ± .01% 
1180 Hz ± .01% 
980 Hz ± .01% 
1850 Hz ± .01% 
1650 Hz ± .01% 
1070 Hz ± .01% 
1270 Hz ± .01% 
2020 Hz ± .01% 
2225 Hz ± .01% 


Receive Carrier Frequency Limits 
V.22 bis, V.22,212A 

V.21 
Bell 103 


Originate 2400 Hz ± 7 Hz 
Answer 1200 Hz ±7 Hz 
Originate 'space' 1850 Hz ± 12 Hz 
Originate 'mark' 1650 Hz ± 12 Hz 
Answer 'space' 1 1 80 Hz ± 1 2 Hz 
Answer 'mark' 980 Hz ± 12 Hz 
Originate 'space' 2020 Hz ± 12 Hz 
Originate 'mark' ^ 2225 Hz ± 12 Hz 
Answer 'space' %/ 1070 Hz ± 12 Hz 
Answer 'mark' / 1270 Hz ± 12 Hz 


Energy Detect Sensitivity 


Greater than -43 dBm ED is ON. Less than -48 dBm ED is 
OFF. Signal in dBm measured at A02. 


Line Equalization 


Fixed compromise equalization, transmit. 
Adaptive equalizer for DPSK/QAM, receive. 


Diagnostics Available 


Local analog loopback. 
Local digital loopback. 
Remote digital loopback. 
Local interface loopback. 


Self Test Pattern Generator 


Alternate *ones' and 'zeros' and error detector, to be used along 
with most loopbacks. 

A number indicating the bit errors detected is sent to DTE. 
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RECEIVER PERFORMANCE SPECIFICATIONS 



Parameter 


Specification 


Test condition: Unconditioned 3002 line, across the full dynamic range. 
The noise bandwidth is 3 KHz flat. 


Random Noise 


Typical Bit Error rate of 1 in 1 00000 or better at 1 2 dB SNR at 300 bps, 5 dB 
SNR at 600 bps, 8 dB SNR at 1200 bps and 16 dB SNR at 2400 bps. 


Frequency Offsets(1) 


± 7 Hz. 


Phase Jitter(1) 


2400 bps - 1 5° peak to peak, at up to 300 Hz. 
600, 1200 bps - 45'' peak to peak, at up to 300 Hz, 



NOTE: 

1 . There are no observable data errors for the received signals, for the above limits of line impairments. 
These impairments are applied one at a time in absence of noise. 



PERFORMANCE SPECIFICATIONS 



Parameter 


Min 


Typ 


Max 


Units 


Comments 


DTMF Level 




1.0 




dBm 


atAOl 


DTMF Second Harmonic 






-35 


dB 


HYB enabled into 600a 


DTMF Twist (Balance) 




3 




dB 




DTMF Duration 




100 




ms 


Software Controlled 


Pulse Dialing Rate 




10 




pps 




Pulse Dialing Make/Break 




39/61 
33/67 




% 
% 


US 

UK, Hong Kong 


Pulse Interdigit Interval 




785 




ms 




Billing Delay Interval 






2.1 


sec 




Guard Tone Frequency 
Amplitude 

Frequency 
Amplitude 




540 

-3 

1800 

-6 




Hz 
dB 

Hz 
dB 


referenced to High 
channel transmit. 
QAM/DPSK Modes Only 


Dial Tone Detect Duration 




3.0 




sec 




Ringback Tone Detect 

Duration 

Cadence 




0.75 
1.5 




sec 


Off/On Ratio 


Busy Tone Detect 

Duration 

Cadence 


0.67 


0.2 


1.5 


sec 


Off/On Ratio 
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89026 OVERVIEW 

The 89026 processor performs data manipulation, 
signal processing and user interface functions. It 
supports an external ROM, for user designed soft- 
ware. This option allows customer designed code to 
control the signal processing algorithms resident In 
the 89026. For example proprietary modem control 
and call progress management applications can be 
implemented using EPROMs or alternatively by hav- 
ing it burnt in the processor ROM (done so by Intel 
factory contracting). On-chip ROM is 8 Kbytes. A 
block diagram of 89026 is in Figure 5. 

89026 contains a TTL compatible serial link to DTE/ 
DOE equipment, along with a full complement of 
V.24/RS-232-C control signals. Alternatively, UART 
or USART may be used to directly transfer data to 
and from a microcomputer bus. The industry stan- 
dard AT command set is supported by the 89026, 
facilitating communications compatibility between 
89024 and most PC software written for the AT com- 
mand set. 



In the transmit operation, the 89026 synthesizes 
DTMF tones and the 300 bps FSK modem signal 
prior to transmitting them to the 89027 as digitized 
amplitude samples. During 1200 and 2400 bps oper- 
ation, DPSK and QAM is used to send 2 or 4 bits of 
information respectively at 600 baud to 89027. Since 
the QAM coding technique is an inherently synchro- 
nous transmission mechanism, during asynchronous 
QAM transmission, the asynchronous data is syn- 
chronized by adding or deleting stop bits. Following 
the synchronization process, the 89026 transmits 
digitized phase and amplitude samples to 89027 
over a high speed serial link. 

In the receive operation, the information is received 
by 89026 from 89027 as two signals which are 90 
degrees phase shifted from each other. These ana- 
log signals are then digitized by the 89026's on- 
board A/D converter, and using DSP software algo- 
rithms the signals are gain adjusted, adaptively 
equalized for telephone line delay and amplitude dis- 
tortion, and demodulated. Following the demodula- 
tion process by the 89026, the data is unscrambled, 
and if necessary, returned to asynchronous format. 



RXD(103) 4 
TDX (104) — 
TCLK pU) 4 
RCLK (115) 4 
XTCLK(113) — 
RTS — 
GTS 4 
DTR — 

DSR 4 

REMLB (140) — 
LCLLB(141) — 
SS(111) — 

J ^ 
TM 4 
DCD 4 

TCLO — 
TCL1 — 
CONFIG " 
S/A- 
— 
OH 4 
AR 4 
S H — 
Rl — 
D/S — 
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Z LU 

< »- 
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CONTROL 
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RECOVER 
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> ! SCRAMBLER 



ENCODER 



DATA 



r 



^ ^MUX^ 

' T dm'tf Tanswer 
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HIGH-SPEED 
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DATALINK 
CONTROL 



LOGIC AND TIMING 
TEL. LINE HANDSHAKING 
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Figure 5. 89026 Block Diagram 
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89026 PINOUT 



Symbol 


Function (89026) 


Direction 


Pin No. 














68 pin 


CLKIN 


1 2 96 MH7 master clock from 89027 

1 £m»v/w IVII tSm 1 1 IClwtwl wlwwrx II will \J^\/imf 


In 


67 


RST 


Chip reset (active low) 


In 


16 


1 


In-ohass received sianal 

II 1 fJI IGlww 1 wVi/C7IV^VI wl^l ICll 


In 


11 


Q 


Quadrature-phase received slQnal 


in 


10 


STR 


Symbol Timing from 89027 


In 


24 


ED 


Energy Detect Input 


In 


9 


TSYNC 


Transmitter svnc ouise to 89027 

1 1 Ml lOI 1 lll\wl wVllw li^Mlww Iw V^wV/^ r 


Out 


35 


SDATA 


Serial Data to 89027 


Out 


17 


SCLK 


Serial Clock to 89027 


Out 


18 


OH 


Off-Hook control to DAA 


Out 


33 


SH 


Switch-Hook from dataphone 


In 


44 


HI 


Ring Indicator from DAA 


In 


42 


AR 


Aux Relay control to DAA 


Out 


38 


TCL1 


NVRAM Data I/O 


I/O 


20 


TCLO 


NVRAM CLK 


Out 


19 


B/C 


1 03/V.21 default option 


In 


15 


S/A 


NVRAM CE 


Out 


21 


D/S 


Dumb/Smart mode select 


In 


6 


CONFIG 


Custom Firmware Disable 


In 


8 


Tm 


Test Mode Indicator 


Out 


39 


TXD 


Transmitted data from DTE 


In 


27 


RXD 


Received data to DTE 


Out 


29 


RTS 


Request to send from DTE 


In 


22 


CIS 


Clear to Send to DTE 


Out 


23 


DSR 


Data Set Ready to DTE 


Out 


30 


DCD 


Data Carrier Detect to DTE 


Out 


31 


DTR 


Data Terminal Ready from DTE 


In 


25 


RCLK 


Received clock to DTE 


Out 


34 


TCLK 


Transmit clock to DTE 


Out 


28 


XTCLK 


External timing clock from DTE 


In 


26 


51 


Speed Indicator to DTE 


Out 


32 


ss 


Speed select from DTEW 


In 


5 


REMLB 


Remote Loopback Command from DTE 


In 


7 


LCLLd 


Local Loopback Command from DTE 


In 


4 


Vcc 


Positive power supply ( + 5V) 


+ 5V 


1 


VPD 


Ram back-up power 


+ 5V 


14 


Vref 


A/D converter reference 


+ 5V 


13 


VSS1 


uigiiai grouna 




OD 


VSS2 


Digital ground 


GND 


68 


AGND 


Analog ground 


AGND 


12 


Vbbs 


Back-bias generator output 


Out 


37 


EA 


External Memory enable 


in 


2 


AD0-AD15 


External rttemory access address/data(5) 


I/O 


60-45 


AA 


Auto Answer 


Out 


60 


JS 


Jack Select 


Out 


59 
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89026 PINOUT (Continued) 



Symbol 


Function (89026) 


Direction 


Pin No. 


68 pin 


NMI 


No-maskable InterruptCVss)^"*) 


In 


3 


X2 


Crystal output(NC)(2) 


Out 


66 


CLKOUT 


Clk output (NC)(2) 


Out 


65 


TEST 


Factory test(Vcc)<3) 


In 


64 


INST 


External memory instruction fetch 


Out 


63 


ALE 


Address latch enable 


Out 


62 


RD 


External memory read 


Out 


61 


READY 


External memory ready(Vcc)^^) 


In 


43 


BHE 


External memory bus high enable 


Out 


41 


WR 


External memory write 


Out 


40 



NOTES: 

1 . Pins marked with (Vss) must be connected to Vss- 

2. Pins marked with (NO) are to be left unconnected. 

3. Pins marked with (Vqc) must be connected to Vcc- 

4. SB pin reserved for future use. 

5. With internal ROM enabled, AD0-AD1 are used as AA and JS. 



89026 PIN DESCRIPTION 

XTCLK 

Transmitter timing from DTE, when external clock 
option is selected. 

TXD 

The serial data from DTE to be transmitted on the 
line. A logic 'high' is mark. In synchronous mode, 
89026 samples this data on the rising edges of 
TCLK. 



TCLK 

Clock output from 89026 as timing source for data 
exchange from DTE to m odem. Serial data is read 
on the rising edges of the TCLK. This output is High 
in asynchronous mode. 

RXD 

The serial data to DTE. 'Mark' is a l ogic H igh. In 
synchronous mode, the rising edge of RCLK occurs 
in the middle of RXD. 



RCLK 

Synchronous clock output. Rising edge of RCLK oc- 
curs in the middle of each RXD bit. This pin remains 
High in asynchronous mode. 

VbbS 

This pin to be connected to AGND through a 
0.01 jilF capacitor. 

A Low indicates maintenance condition in the mo- 
dem. 



DCD 

In async operation, DCD remains Low regardless of 
data carrier (default), or it can be programmed to 
indicate received carrier signal is within the required 
timing and amplitude limits. In sync operation Low 
indicates the received carrier signal is within the re- 
quired timing and amplitude limits. 

DSR 

Low indicates modem is off-hook, and it is in data 
transmissio n mo de, and the answer tone is being 
exchanged. CTS Low indicates modem is prepared 
to accept data. 

RTS 

In async mode RTS i s ign ored. Under command 
control, in sync mode RTS can be igno red, or the 
modem can respond with a Low on CTS. 

DTR 

&D0 command will cause the modem to ignore DTR. 
For &D1 the modem assumes the asynchronous 
command state on a Low to High transition of the 
DTR circuit. The &D2 command does the same as 
&D1 except the state of DTR will enab le/di sable 
auto answer. A Low to High transition of DTR after 
the &D3 command will cause the modem to assume 
the initialization state. 

B/Q 

Low configures the modem to CCITT V.21 . High will 
configure the modem to Bell 1 03, when at 300 bps 
speed. This pin only affects the modem in 300 bps 
operation. 
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TCL1, TCLO 

These pins are used as the serial clock and data for 
interface to an NVRAM. Refer to Figure 3. TCLO is 
used to output a clock and serial data is read in on 
TCL1. 

AR 

This Auxiliary relay control is for switching a relay for 
voice or data calls. High is voice, Low is data. 

m 

A Low signal from DAA indicates line ringing. This 
input is ignored when the modem is configured for 
leased line. This signal should follow the ring ca- 
dence. 



REMLB 

A logic Low on this pin initiates a remote loopback 
condition. 

SI 

Selects one of the two data rates or ranges of rates 
in the DTE to correspond to the rate in modem. Low 
selects the higher rate (2400 CCITT/1200 BELL) or 
range of rates. High selects the Low rate or range of 
rates. 

D/S 

A Low on this pin will indicate the smart mode which 
will respond to all commands. A High will ignore all 
commands. 



OH 

Low controls off hook. High indicates on hook. 
When dialing, this control is used to pulse dial the 
line. 

SH 

Used as a telephone voice to data switch or vice 
versa. Any logic level transition will toggle the mo- 
dem state. This input is ignored, if a software com- 
mand attempts to switch the modem between voice 
and data. 

AA 

Used as an indicator for Auto Answer status and 
Ring indicator. Active low. 



LCLLB 

A Low will set the modem in the local analog loop- 
back test mode. L ogic Low le vels applied simulta- 
neously to REMLB and LCLLB pins, sets the modem 
to the local digital loopback. 



Vref 

Voltage reference for the analog to digital converter 
should be connected to the 89027 AVcc. 

VPD 

The internal RAM power down supply voltage to be 
connected to 5 Volts during normal operation. 

S/A 

The function of this pin is re-defined as external 
NVRAM CE. 

CONFIG 

Low indicates availability of custom software mod- 
ules in off-chip memory. 

EA 

When High, memory access from address 2000H to 
4000H are directed to on-chip ROM. When Low, all 
memory access is directed to off-chip memory. 

JS 

Low is used to pulse A and A1 leads to control a 1 A2 
Key System jack. 



89026 ABSOLUTE MAXIMUM 
RATINGS* 

Temperature Under Bias - 1 0 to + 80° C 

Storage Temperature -40 to + 125° C 

Voltage from Any Pin to 

Vss or AGND -0.3V to + 7.0V 

Average Output Current from Any Pin 1 0 mA 

Power Dissipation 1 .5 Watts 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to cfiange. 
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OPERATING CONDITIONS 



Symbol 


Parameter 


Min 


Max 


Units 


TA 


Ambient Temperature Under Bias 


0 


+ 70 


C 


Vcc 


Digital Supply Voltage 


4.75 


5.25 


V 


Vref 


Analog Supply Voltage 


4.75 


5.25 


V 






Vcc --3 


VCC+.3 


V 


FREQ 


CLKIN Frequency 12.96 Mhz 


-0.01% 


+ 0.01% 




VPD 


Power-Down Supply Voltage 


4.75 


5.25 


V 



NOTE: 

Vbbs should be connected to AGND through a 0.01 jutF capacitor. AGND, Vgs and the 89027 Vgs, AGND must be nominally 
at the same potential. 



DC CHARACTERISTICS 



Symbol 


Parameter 


MIn 


Max 


Units 


Comments 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 


Except RST 


V|L1 


Input Low Voltage,RST 


-0.3 


+ 0.7 


V 




V|H 


Input High Voltage 


2.0 


Vcc + .5 


V 


Except RST, 
NMI, CLKIN 


V|H1 


Input High Voltage, RST Rising 


2.4 


Vcc + .5 


V 




V|H2 


Input High Voltage, RST Falling 


2.1 


Vcc+.5 


V 




V|H3 


Input High Voltage, NMI, CLKIN 


2.4 


Vcc + .5 


V 




Vol 


Output Low Voltage 




0.45 


V 


See Note 1. 


VOH 


Output High Voltage 


2.4 




V 


See Note 2. 


'cc 


Vcc Supply Current 




200 


mA 


All outputs disconnected 


IpD 


VpD Supply Current 




1 


mA 


Normal operation and Power-Down 


Iref 


Vref Supply Current 




15 


mA 




Ili 


Input Leakage Current 




±10 


juA 


Vin = Oto Vcc See Note 3 


l|H 


Input High Current to EA 




100 


jllA 


V|H = 2.4V 


l|L 


Input Low Current 




-100 


juA 


V|L= 0.45V See Note 4 


l|L1 


Input Low Current to RST 




-2 


mA 


V|L= 0.45V 


l|L2 


Input Low Current S/A, SH, Rl, READY 




-50 


juiA 


V|L= 0.45V 


Cs 


Pin Capacitance (Any Pin to Vss) 




10 


PF 


1 MHz 



NOTES: 

1. lOL = 0.36 mA for pins TCLO, TCL1, B/C, RTS, CTS, DSR, DCD, SI, AR, and OH. Also if ADO - AD15 are configured as 1/ 
O ports. 

lOL = 2.0 mA for TM, CLKOUT, ALE, BHE,_RD, WR, RX D, TCLK, an d ADO - APIS when used as extemai memory bus. 

2. loH = -20 fiA for_pins TCLO, TCL1, B/C, RTg, UTS , DSR, DCD, SI. AR, and OH. 

lOH = -200 jLiA for TIVI, CLKOUT, ALE, BHE, RD, WR, RXD, TCLK, and ADO - AD15 when used as extemai memory bus. 
ADO - AD1 5 when used as I/O ports , have open-drain ou tputs. 

3. For pins DTR, XTCLK, TXD, D/S, SS, REMLB, LCLLB, CONFIG, AD0-AD15. 

4. TCLO, TCL1, B/C, RTS. 

5. Power must be applied to the device in the following sequence: Vgs first, then Vcc- 
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AC CHARACTERISTICS (Vcc, Vrd = 4.75 to 5.25 Volts; Ta = 0°C to 70°C; CLKIN = 12.96 MHz) 

Test Conditions: Load capacitance on output pins = 80 pF 
Frequency = 12.96 MHz 



Timing Requirements 



Symbol 


Parameter 


l\/lin 


i^ax 


Units 


TAVDV 


Address Valid to Input Data Valid 




5TOSC-90 


ns 


TRLDV 


RD Active to Input Data Valid 




3TOSC-60 


ns 


TRXDX 


Data Hold after RD Inactive (1) 


0 




ns 


TRXDZ 


RD Inactive to Input Data Float (1) 




Tosc-20 


ns 



Timing Responses 



Symbol 


Parameter 


Min 


Max 


Units 


FXTAL 


CLKIN Frequency 


-0.01% 


+ 0.01% 




Tosc 


CLKIN Period 


77 




ns 


TCHCH 


CLKOUT Period (1) 


3T0SC (2) 


3T0SC (2) 


ns 


TCHCL 


CLKOUT High Time 


Tosc-20 


Tosc + 20 


ns 


TCLLH 


CLKOUT Low to ALE High 


-5 


20 


ns 


TLLCH 


ALE Low to CLKOUT High 


Tosc-20 


Tosc + 40 


ns 


TLHLL 


ALE Pulse Width 


Tosc -25 


Tosc+15 


ns 


TAVLL 


Address Setup to End of ALE 


Tosc -50 




ns 


TLLRL 


End of ALE to RD or WR active 


Tosc-20 




ns 


TLLAX 


Address Hold after End of ALE 


Tosc-20 




ns 


TWLWH 


WR Pulse Width 


2TOSC-35 




ns 


TQVWX 


Output Data Setup to End of WR 


2TOSC-60 




ns 


TWXQX 


Output Data Hold after End of WR 


Tosc -25 




ns 


TWXLH 


End of WR to next ALE 


2TOSC-30 




ns 


TRLRH 


RD Pulse Width 


3TOSC-30 




ns 


TRHLH 


End of RD to next ALE 


Tosc -25 




ns 



NOTES: 

(1) This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 

(2) CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be STosc ±10 nsec if Tosc is constant 
and the rise and fall times on XTAL are less than 10 nsec. 
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WAVEFORM 



_jTri_rLn_rLrLrLri_ 



I I 

t t 



. TCHCH - 



-J 



J. 



\ 



^ TRXD2 



> 



TRXDX 



DATA IN 



— ,t:: 

( OUT |fl 



. TWXLH- 



TWXQX 



DATA OUT 



> 
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Figure 6. Bus Signal Timings 
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89027 OVERVIEW 

The 89027 is a 28 pin CMOS analog front end de- 
vice, which performs most of the complex filtering 
functions required in modem transmitters and re- 
ceivers. A general block diagram of this chip is pro- 
vided in Figure 7. Most of the analog signal process- 
ing functions in this chip are implemented with 
CMOS switched capacitor technology. The 89027 
functions are controlled by 89026, through a high 
speed serial data link. 

During FSK transmit operation, the 89027 receives 
digitally synthesized mark and space sinusoid ampli- 
tude information from the 89026. The 89027 con- 
verts the signal to its analog equivalent, filters it, and 
transmits it to the telephone line. For QAM transmis- 
sion, the signal constellation points are transferred 
to the 89027. This information is modulated into an 
analog signal, passed through spectral shaping fil- 



ters, combined with the necessary guard tone, 
smoothed by a low pass filter, and transmitted to the 
line. Prior to transmitting either FSK or QAM signals 
to the telephone line, the 89027 adjusts the signal 
gain through an on-board programmable gain ampli- 
fier. 

During the receive operation, the received FSK and 
QAM signals are passed through anti-alias filters, 
bandsplit filters, automatic gain control and carrier 
detect circuits, a Hilbert transform filter, and the out- 
put sent to the 89026 processor as analog signals. 

Other functions provided by the 89027 are: an on- 
board two wire to four wire circuit with disable capa- 
bility, an audio monitor output with software configu- 
rable gain, and a programmable gain transmit signal. 

The 89027 is available in 28 pin plastic DIP and 
PLCC packages. 



SDATA • 
SCLK • 
TSYNC • 



'"FT""! r"i""r 

AGND RST AV^c 




-A02 
-HYB 



OUTPUT LEVEL 
TX3-TX0 
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Figure 7. 89027 Block Diagram 
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89027 PINOUT 



Symbol 


Function (89027) 


Direction 


Pin No. 


Vcc 


Positive Power Supply (Digital) 


+ 5V 


28 


Vbb 


Negative Power Supply 


-5V 


15 


Vss 


Digital Ground 


DGND 


24 


AGND 


Analog Ground 


AGND 


21 


AVcc 


Positive Power Supply (Analog) 


+ 5 


7 


X1 


Xtal Oscillator 


In 


23 


X2 


Xtal Oscillator 


Out 


25 


CLKOUT 


12.96 MHz Clock Output to Microcontroller 


Out 


26 


RST 


Chip reset (active low) 


In 


20 


HYB 


Enable on-chip hybrid(i) 


In 


10 


AZ1 


Auto-zero capacitor 


Out 


16 


AZ2 


Auto-zero capacitor 


In 


17 


SDATA 


Serial data from 89026 


In 


2 


SCLK 


Serial clock from 89026 


In 


1 


TSYNC 


Transmitter sync from 89026 


In 


3 


STR 


Symbol timing to 89026 


Out 


27 


ED 


Receiver energy detect to 89026 


Out 


18 


1 


In phase received signal to 89026 


Out 


13 


Q 


Quadrature-phase received signal to 89026 


Out 


14 


A01 


Transmitter output 


Out 


6 


A02 


Receiver input 


In 


12 


AMP 


Output to monitor speaker 


Out 


11 


TXO 


Transmitter level control (LSB)(1) 


In 


9 


TX1 


Transmitter level control(i) 


In 


8 


TX2 


Transmitter level controlC) 


In 


5 


TX3 


Transmitter level control (MSB)(1) 


In 


4 



NOTES: 

1 . When held high, these pins should be connected through 1 0K resistors to AVcq. 

2. Pins #19 and #22 are No Connect. 



89027 Pinout Description 

TXO-3 

These four pins control the transmitted signal level. 
HYB 

This pin enables the on-chip hybrid. A line imped- 
ance matching network must be connected between 
A01 and A02 when HYB is enabled. If HYB is dis- 
abled and an external 4W/2W hybrid is used, the 
hybrid receive path must be amplified by 6 dB. 



A01 

Transmitter output. 
A02 

Receiver input. 
AiVIP 

This output can be used to monitor the call progress 
tones and operation of the line. 
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ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias - 1 0 to + 80° C 

Storage Temperature -40 to + 125** C 

All Input and Output Voltages 

with Respect to Vbb - 0.3V to + 1 3.0V 

All Input and Output Voltages 

with Respect to Vcc & AVcc - 1 3.0V to 0.3V 



POWER DISSIPATION Ambient Temp = 0°C to 70°C. Vpc = AVcc = 5V ±5%, Vss = AGND = OV. 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Alcci 


AVcc Operating Current 




19 


25 


mA 


lcci 


Vcc Operating Current 




7 


10 


mA 


lbbi 


Vbb Operating Current 




-19 


-25 


mA 


Alecs 


Vcc Standby Current 




0.2 


1 


mA 


Ices 


Vcc Standby Current 




7 


10 


mA 


Ibbs 


Vbb Standby 




-0.6 


-2 


mA 


Pdo 


Operating Power Dissipation 




225 


300 


mW 


Pds 


Standby Power Dissipation 




40 


70 


mW 



DC CHARACTERISTICS (Ta = o°C to 70''C, AVcc = Vcc = 5V ±5%, Vbb = 5V ±5%, AGND = 
Vss = OV), supply voltage must be at the same potential as the 89026 power supply. Typical Values are for 
Ta == 25^*0 and nominal power supply values. Power must be applied in the following sequence: Vss. AGMD, 
Vbb. Vcc. and AVcc- Vcc. AVcc and 89026 Vref nnust be nominally at the same potential. 



Inputs: TXO, TX1, TX2, TX3, HYB, RST 
Outputs: CLKOUT 



Symbol 


Parameter 


Min 


Max 


Units 


Test Condition 


lil 


Input Leakage Current 


-10 


+ 10 


jllA 


Vss ^ Vin ^ Vcc 


Vil 


Input Low Voltage 


Vss 


0.8 


V 




Vih 


Input High Voltage 


3.0 


Vcc 


V 




Vol 


Output Low Voltage 




0.4 


V 


lol ^ -1.6mA,1 TTLIoad 


Voh 


Output High Voltage 


2.4 




V 


Ich <. 50juia, 1 TTL load 


Vcol 


CLKOUT Low Voltage 




0.4 


V 


Ci = 60 pF 


Vcoh 


CLKOUT High Voltage 


2.4 




V 


Ci = 60 pF 



Power Dissipation 1 .35W 

Voltage with Respect 

toVss^^) -0.3V to 6.5V 

NOTE: 

1. Applies to pins SCLK. SDATA, TSYNC, RST. 
HYB, TX0-TX3 only. 
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AC CHARACTERISTICS (Ta = 25°C, Vcc 
ANALOG INPUTS: A02 



AVcc = 5 V, Vss = AGND = 0, Vbb 



-SV) 



Parameter 


Min 


Typ 


Max 


Units 


Test Condition 


A02 Input Voltage Range 






-9 


dBm 




A02 Input Resistance 




10 




Mohms 


- 3.5V <Vin<+ 3.5V 


A02 Allowed DC offset 


-30 




+ 30 


mV 


Relative to AGND 



AUTO ZERO CAPACITANCE 

Capacitance = 0.015 /xF 

Tolerance = ±10 % 

Voltage Rating = 10V 

Type = Non-Electrolytic, low leakage. 



CRYSTAL REQUIREMENTS 




Figure 8. Crystal Equivalent Circuit 



Parameter 


Min 


Typ 


Max 


Unit 


Comments 


Frequency Accuracy (0°C-70°C) 


-0.0035% 




+ 0.0035% 


12.960 Mhz 


Refer to 












Figure 8 


Rx 




10 


16 


ohms 




Ox 




0.024 




PF 




Co 


5.1 


5.6 


6.1 


PF 




Cl 


-5% 




+ 5% 


33 pF 


2 Load 












Capacitors 



Crystal Type: Series Resonant 

ANALOG OUTPUTS: A01, AMP 



Parameter 


Min 


Typ 


Max 


Units 


Comments 


Load Resistance 












A01 


600 






ohms 




AMP 


10 






Kohms 




Load Capacitance 












AMP 






100 


pF 




Audio Amp Gain 




-4 




dB 


Software 


A01 to Amp 




-13 




dB 


Selectable 






-20 




dB 








-60 




dB 




Audio Amp Gain (1) 




+ 18 




dB 


Software 


A02 to Amp 




+ 9 




dB 


Selectable 






+ 2 




dB 








-60 




dB 





NOTE: 

1 . Assumes on-chip hybrid is enabled. When on-chip hybrid is disabled, gain with respect to A02 is reduced by 6 dB. 
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TRANSMIT LEVEL 



OUTPUT TRANSMIT LEVEL (1) 


TX 3 2 1 0 


Tvn 


Units 




0000 


+ 5 


dBm 




0001 


+ 4 


dBm 




• 


• 


• 




• 


• 


• 




• 


• 


• 




1110 


-9 


dBm 




1111 


-10 


dBm 



NOTE: 

1 . For FSK, PSK, QAM xmit signal. Measured at A01 . 



89024 REFERENCE MANUAL 



Overview 

The 89024 Reference Manual details design infor- 
mation for the 89024 Modem Chip Set. It provides 
descriptions and specifications of the two chips 
comprising the 89024, the 89026 and the 89027. In 
addition, it describes the control interface between 
the two chips. 



The reference manual also provides a full descrip- 
tion of all the AT commands and S-registers sup- 
ported by the 89024 Modem Chip Set. 



ORDERING INFORMATION 

Intel literature number: 296235-001 
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89C024XE 
HIGH PERFORMANCE 2400 BPS 
INTELLIGENT MODEM CHIP SET 



Support for Error Correction 
Optional I^NP Class 4/5 
CHMOS 

For Public Switched Telephone 
Network and Unconditioned Leased 
Lines Applications 

V.22 bis, V.22 A/B, V.21, Bell 212A, and 
Bell 103 Compatible 

Serial Command Set Compatible with 
l^ayes Smartmodem 2400 

Automatically Adapts to Remote 
Modem Type with Recognition of Data 
Rates 

DTMF and Pulse Dialing, with Automatic 
Selection of Dial Signaling 

On-Chip Hybrid and Billing Delay Timer 

On-Chip Serial Port and Handshake 
Signals for RS-232/V.24 Interface 

Telephone Line Audio Monitor Output 

Analog/Digital Loopback Diagnostics 
with Mark/Space Pattern Generation 
and Error Detection 



Simple Serial Interface to External 
NVRAM 

Easily Customized Command Set and 
Features 

Two Chip Intelligent Modem Solution 
with Minimal External Components 

No External jnC Required 

Output Programmable over 16 dB 
Range 

Dial and Re-dial Capability 

Full Set of Control Signals for DAA 
Interface 

Local, External, or Slave Timing 
Options in Synchronous Mode 

Adaptive Equalization 

Capable of Detecting Dial, Busy, 
Ringback and Modem Answer Tones of 
Most International Networks 

Auxiliary Relay Control Output 



89C026XE 



89027 



DTE 
INTERFACE 



HAYES COMMANDS | 



FSK MODULATOR/ 
DEMODULATOR 



DTMF TONE GENERATOR 
ANSWER TONE GEN. 



QAM/PSK TRANSMIHER 
SCRAMBLER/ENCODER 



QAM/PSK RECEIVER 
SIGNAL RECOVERY 
DESCRAMBLER, DECODER 



DAA INTERFACE 



A/D 



XMIT 
FILTERS 



SMOOTH 
FILTER 



PROG. 
GAIN 



d 



RECEIVE 
FILTER 




ANTI-ALIAS 
FILTER 






HILBERT 
TRANSFORM 




AGC « 



TELEPHONE 

LINE 
INTERFACE 

(DAA) 



LINE CONTROL/STATUS 



290181-1 



Figure 1. 89C024XE System Block Diagram 
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October 1988 
Order Number: 290181-001 



89C024XE 



GENERAL DESCRIPTION 

Intel 89C024XE Is a highly integrated, low power, 
high performance, intelligent modem chip set. This 
two chip solution is composed of the 89027 Analog 
Front End and 89C026XE microcontroller. At 
12.96 MHz the microcontroller is capable of execut- 
ing error correction and data compression routines. 
The system conforms to the following CCITT and 
BELL standards. 

• CCITT V.22 bis 

2400 bps sync and async 

1 200 bps sync and async (fall-back) 

• CCITT V.22 A & B 

1 200 bps sync and async 

600 bps sync and async (fall-back) 

• CCITT V.21 

0 to 300 bps anisochronous 

• BELL 21 2A 

1 200 bps sync and async 
300 bps fall-back mode 

• BELL 103 

0 to 300 bps anisochronous 

The 89C024XE system consists of a 1 6 bit applica- 
tion specific processor (89C026XE) and an analog 
front end device (89027). The 89C026XE processor 
performs all "Digital Signal Processing" algorithm 
execution for processing the modem signals, as well 
as providing all modem control functions typically 
performed by an external processor. The analog 
front end provides for 2 wire and 4 wire telephone 
line interface, D/A conversion, and most of the com- 
plex filtering functions required in QAM/DPSK/FSK 
modems. Refer to Figure 1 for a simplified block dia- 
gram of the system. 



In stand-alone modem applications, the 89C024XE 
chip set along with a Data Access Arrangement 
(DAA), a serial NVRAM, and RS-232 driver/ receiv- 
ers and EPROM represent the circuitry required for 
implementing an auto-dial, auto-answer, 300 to 2400 
bps, full duplex Hayes compatible intelligent modem. 

A complete set of Industry Standard AT commands 
is provided for modem configuration and user inter- 
face. Virtually all PC software written for the Hayes 
Smartmodem 2400 can also be used with this chip 
set. Alternatively, in applications where user proprie- 
tary modem control commands and features are de- 
sired, the user can replace the 89C024XE internal 
command module with custom proprietary software. 

The 89C024XE has a set of default features. Upon 
power up, the modem configuration will be in ac- 
cordance with these default options, unless a differ- 
ent configuration has been saved in the external 
NVRAM with the &W command. 

The 89C024XE modem has built in auto-dialing and 
auto-answering capabilities. It can be configured to 
the proper line signaling mode (Tone or Pulse), and 
to to the type (CCITT or Bell) and speed of the call- 
ing or answering modem. It can also detect and 
identify call set-up signals of telephone networks, al- 
lowing unattended data call operation. 

A full set compatible with CCITT V.54 diagnostic 
loop-test features is supported. The chip set also 
provides a line signal for audio monitoring of call 
progress, a comprehensive set of DAA control lines 
for a simple interface to the telephone network, and 
a full complement of TTL level RS-232/ V.24 hand- 
shake signals. 



NOTICE: 

Hayes is a registered trademark of Hayes Microcomputer Products, Inc. 
Smartmodem 2400 is a trademark of Hayes Microcomputer Products, Inc. 
Smartcom II is a registered trademark of Hayes Microcomputer Products, Inc. 
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89C024XE 



PACKAGING 

89027 is available in PLCC and standard plastic DIP packages. The 89C026XE is available in PLCC package. 
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□ CLKOUT 
X2 
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8 
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Figure 2. Device Packages 
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CALL ESTABLISHMENT, 
TERMINATION AND RETRAIN 

The 89C024XE modem system incorporates all pro- 
tocols and functions required for automatic (or man- 
ual) establishment, progress and termination of a 
data call. 

The modem chip-set has a built in auto-dialer, both 
DTMF and Pulse type, and is capable of automati- 
cally adapting to the telephone dial type. The dialing 
sequence on the telephone link conforms to the 
CCITT V.25 recommendations. An exception to the 
V.25 is that the interrupted calling tone will not be 
transmitted by the calling modem, as is suggested in 
V.22 bis. 

The modem can detect the dial, busy and ringback 
signals at remote end, and will provide call progress 
messages to the user. The modem is capable of re- 
dialing the last number dialed, by one command. 

The modem when configured for auto-answer, will 
answer an incoming call, remain silent for the two 
second billing delay interval, before transmitting the 
answer tones. Aften/vards modem to modem identifi- 
cation and handshaking will proceed at a speed and 
operating mode acceptable to both ends of the link. 

The data call can also be setup by manual dialing 
with the modems set to data mode, or by voice to 
data transfer by means of mechanical switch (exclu- 
sion key), using the SH pin. Once set to data mode, 
the modem handshaking will proceed before the 
modems will be ready to accept and exchange data. 

During data transmission, if one of the modems finds 
that the received data is likely to have a high bit error 
rate (indicated by a large mean square error in the 
adaptive equalizer), it initiates a retrain sequence. 
This automatic retrain feature Is only available at 
2400 bps, and conforms to CCITT V.22 bis recom- 
mendations. 

Disconnection of the data call can be initiated by the 
DTE at the local end, or by the remote DT E, (if the 
modem is configured to accept it). Whether DTR will 
initiate a disconnect, depends on the last &D com- 
mand. Receiving a long space from a remote mo- 



dem will initiate a disconnect only after a Y1 com- 
mand. The optional disconnect requests originated 
by the remote modem, are of two types, (1 ) discon- 
nect when receiving long-space, and (2) disconnect 
when received carrier is dropped. The modem chip- 
set can also be configured to transmit 'long-space' 
just before disconnection, in each of the aforemen- 
tioned cases. 

Because the CCITT and Bell modem connection 
protocols are quite different from each other and do 
not provide recognition of remote modem type (i.e. 
V.22 bis to 21 2A), the Intel chip-set provides the ad- 
ditional capability of identifying the remote modem 
type. This feature is beneficial during the migration 
phase of the technology from the 1 200 bps to 2400 
bps. In North America, where the installed base of 
1200 bps modems is mostly made-up of 21 2A type, 
this feature allows a "Data Base Service Provider" 
to easily upgrade the existing 21 2A modems to 2400 
bps V.22 bis standard, transparently, to 21 2A users. 
Similarly, a user with a 89C024XE based modem 
system can automatically call data bases with either 
21 2A or V.22 bis modems, without concern over the 
difference. This feature's benefits are realized in 
smooth upgrading of data links, with minimum cost 
and reduced disruption in services. Refer to Table 1 
for a detailed description of remote modem compati- 
bility. 



SOFTWARE CONFIGURATION 
COMMANDS 

This section lists the 89C024XE commands and reg- 
isters that may be used while configuring the mo- 
dem. Commands instruct the modem to perform an 
action, the value in the associated registers deter- 
mine how the commands are performed, and the re- 
sult codes returned by the modem tell the user 
about the execution of the commands. 

The commands may be entered in a string, with or 
without spaces in between. Any spaces within or be- 
tween commands will be ignored by the modem. 
During the entry of any command, the 'backspace' 
key (CNTRL H) can be used to correct any error. 
Upper case or lower case characters can be used in 
the commands. Commands described in the follow- 
ing paragraphs refer to asynchronous terminals us- 
ing ASCII codes. 
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Table 1. Remote Modem Compatibility 



Originating 








Answer l\/lodem 






89C024XE 




Beli 


Beii 


CCiTT 


CCITT 


CCITT 


CCITT 


l\/lodem 




300 


1200 


300 


600 


1200 


2400 


Bell 


300 


300 


300 






300* 


300* 




1200 


1200* 


1200 






1200 


1200 


CCITT 


300 






300 










600 








600 








1200 


1200* 


1200 






1200 


1200 




2400 


1200* 


1200 






1200 


2400 




Answering 








Originating i\/lodem 






89C024XE 




Beii 


Beii 


CCITT 


CCiTT 


CCITT 


CCITT 


l\/lodem 




300 


1200 


300 


600 


1200 


2400 


Bell 


300 


300 


1200 






1200 


1200 




1200 


300 


1200 






1200 


1200 


CCITT 


300 






300 










600 








600 








1200 


300* 


1200 






1200 


1200 




2400 


300* 


1200 






1200 


2400 



* These connection data rates are obtained when connecting 89C024XE based modems end to end. The same results may 
not be obtained when a 89C024XE based modem is connected to other modems. 





Command Set 




& Command Set (Continued) 


AT 


Attention code. 




&C 


DCD Options 


A 


Go off-hook In answer mode 




&D 


DTR Options 


A/ 


Repeat previous command string 




&F 


Fetch Factory Configuration Profile 


Bn 


BELL/CCITT Protocol Compatibility at 




&G 


Guard Tone 




1200 bps 




&J 


Telephone Jack Selection 


Ds 


The dialing commands 




&L 


Leased/ Dial-up Line Selection 




(0-9 A BCD* # PRTSW,; @) 




&M 


Async/Sync Mode Selection 


En 


Echo command (En) 




&P 


Make/ Break Pulse Ratio 


Hn 


Switch-Hook Control 




&R 


RTS/CTS Options 




If &J1 option is selected, HI will also 




&S 


DSR Options 




switch the auxiliary relay 




&T 


Test Commands 


In 


Request Product Code and Checksum 






Write Configuration to Non Volatile Memory 


Ln 


Speaker Volume 




&X 


Sync Clock Source 


Mn 
0 


Monitor On/Off 
On-Line 




&Z 


Store Telephone Number 






Qn 


Result Codes 






Sn = x 


Write S Register 






Sn 


Read S Register 






Vn 


Enable Short-Form Result Codes 






Xn 


Enable Extended Result Code 






Yn 


Enable Long Space Disconnect 






Z 


Fetch Configuration Profile 






+ + + 


The Default Escape Code 







4-26 



inteT 



CONFIGURATION REGISTERS 

The modem stores all the configuration information 
in a set of registers. Some registers are dedicated to 
special command and function, and others are bit- 
mapped, with different commands sharing the regis- 
ter space to store the command status. 



s * 


Rinn tn AnciA/Ar 

nil lu ivj r\i IOWC7I 


O 1 


Qinn r^/^i int /QaoH /^nl\/\ 

niny L/Ouni. ^nuau \jri\y) 






oo 


wairiayo neiurn L/narauier 


o*f 


1.11 ic rt7t7U wl IdiclUlc?! 




Dciui\ opaoc Oildiaulci 


ou 


XA/ait for r^ial Tr\no 
vvdll i\Ji L/ldl 1 Uilc? 


S7 


Wait for Dfltf) Ciarrlpr 

* veil I Ivl Li/CllCl wCll 1 Iwl 


S8 


Pause Timp for the nomma Dial Moriifipr 

I ciuwc III 11^ 11 IV w^i 1 II 1 ici L^mi iviv/uiiiwi 


S9 


Carrier Detppt Re^non^p Timp 

wcii 1 Id L^wiwwi rivo|>^^i iOw 1 11 1 iw 


9in 

O 1 \J 


1 Oct r^arrior to Mann 1 lo f^olox/ 
i-uol odiiici lu ndiiy up UKsioy 


S11 


Not Used 


S12 


Escaoe Codp Guarri Timp 


S13 


Not Used 


S14* 


Bit Mapped Option Register 


S15 


Not Used 


S16 


Modem Test Options 


S17 


Not Used 


S18* 


Test Timer 


S19 


Not Used 


S20 


Not Used 


S21 * 


Bit Mapped Options Register 


S22* 


Bit Mapped Options Register 


S23* 


Bit Mapped Options Register 


S24 


Not Used 


S25 * 


Delay to DTR (Sync Only) 


S26* 


RTS to GTS Delay (Half Dup.) 


S27* 


Bit Mapped Options Register 



NOTE: 

* These S registers can be stored in the NVRAM. 



Dial Modifiers 



p 


Pulse Dial 


R 


Originate call in Answer Mode 


T 


Tone Dial 


S 


Dial a stored number 


w 


Wait for dial tone 




Delay a dial sequence 




Return to command state 




Initiate a flash 


@ 


Wait for quit 




If neither P or T is specified in the command 




string, the modem automatically selects the 




proper dial mode. 



Example: 

Terminal: AT &Z T 1 (602) 555-1212 
Modem: OK 

Result: Modem stores T1 6025551 21 2 in the ex- 
ternal NVRAM. 

The number can be dialed from asynchronous mode 
by issuing the following command: 

Terminal: AT DS 
Modem: T1 6025551 21 2 

or by turning on DTR when in Synchronous Mode 2. 
Up to 33 symbols (dial digits and dial modifiers) may 
be stored. Spaces and other delimiters are ignored 
and do not need to be included in the count. If more 
than 33 symbols are supplied, the dial string will be 
truncated to 33. 



APPLICATIONS OVERVIEW 

The block diagram of a stand-alone 300 to 2400 bps 
Hayes compatible modem is depicted in Figure 3. 
The DAA section shown in this diagram may be ob- 
tained with FCC registration, or implemented using 
the suggested diagram in Figure 4. 
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89C024XE 



POWER SUPPLY 
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Figure 3. Typical l\/lodem Configuration 
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Figure 4. Typicai Telephone Line Interface with Built In Hybrid 
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89C024XE 



SYSTEM COMPATIBILITY SPECIFICATIONS 



Parameter 



Specification 



Synchronous 



2400 bps ±0.01% 
1200 bps ±0.01% 
600 bps ±0.01% 



V.22 bis 

V.22 and BELL 21 2A 
V.22 A,B 



Asynchronous 



2400, 1200, 600 bps, character asynchronous. 
0 - 300 bps anisochronous. 



Asynchronous Speed Range 



+ 1% -2.5% default. Extended +2.3% -2.5% range of CCITT 
standards optional via software customization. 



Asynchronous Format 



8,9,10,11 bits, including start, stop, parity. Bits 8, 9, 11 optional 
via S/W customization. 



Synchronous Timing Source 



Internal, derived from the local os cillator. 
External, provided by DTE through XTCLK. 
Slave, derived from the received clock. 



Telephone Line Interface 



Two wire full duplex over public switched network or 4 wire 
leased lines. 

On-chip hybrid and billing delay timers. 

Output level - 1 to - 16 dBm 



Modulation 



V.22 bis, 16 point QAM at 600 baud. 
V.22 and 21 2A. 4 point DPSK at 600 baud. 
V.21 and 103, binary phase coherent FSK 



Output Spectral Shaping 



Square root of 75% raised cosine, QAM/PSK. 



Transmit Carrier Frequencies 
V.22 bis, V.22, 21 2A 

V.21 



Bell 103 mode 



Originate 
Answer 

Originate 'space' 
Originate 'mark' 
Answer 'space' 
Answer 'mark' 
Originate 'space' 
Originate 'mark' 
Answer 'space' 
Answer 'mark' 



1200 Hz ± 
2400 Hz ± 
1180 Hz ± 
980 Hz ± 
1850 Hz ± 
1650 Hz ± 
1070 Hz ± 
1270 Hz ± 
2020 Hz ± 
2225 Hz ± 



.01 % 
.01% 
.01% 
.01% 
.01% 
.01% 
.01 % 
.01 % 
.01 % 
.01% 



Receive Carrier Frequency Limits 
V.22 bis, V.22. 21 2A 

V.21 



Bell 103 



Originate 
Answer 

Originate 'space' 
Originate 'mark' 
Answer 'space' 
Answer 'mark' 
Originate 'space' 
Originate 'mark' 
Answer 'space' 
Answer 'mark' 



2400 Hz 
1200 Hz 
1850 Hz 
1650 Hz 
1180 Hz 
980 Hz 
2020 Hz 
2225 Hz 
1070 Hz 
1270 Hz 



7 Hz 
7 Hz 
12 Hz 
12 Hz 
12 Hz 
12 Hz 
12 Hz 
12 Hz 
12 Hz 
12 Hz 



Energy Detect Sensitivity 



Greater than -43 dBm ED is ON. Less than 
OFF. Signal in dBm measured at A02. 



-48 dBm ED is 



Line Equalization 



Fixed compromise equalization, transmit. 
Adaptive equalizer for DPSK/QAM, receive. 



Diagnostics Available 



Local analog loopback. 
Local digital loopback. 
Remote digital loopback. 
Local interface loopback. 



Self Test Pattern Generator 



Alternate 'ones' and 'zeros' and error detector, to be used along 
with most loopbacks. 

A number indicating the bit errors detected is sent to DTE. 
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RECEIVER PERFORMANCE SPECIFICATIONS 



Parameter 


Specification 


Test condition: Unconditioned 3002 line, across tlie full dynamic range. 
The noise bandwidth is 3 KHz flat. 


Random Noise 


Typical Bit Error rate of 1 in 1 00000 or better at 1 2 dB SNR at 300 bps, 5 dB 
SNR at 600 bps, 8 dB SNR at 1200 bps and 16 dB SNR at 2400 bps. 


Frequency Off sets(1) 


± 7 Hz. 


Phase Jitter(1) 


2400 bps - 1 5** peak to peal^, at up to 300 Hz. 
600, 1200 bps - 45° peak to peak, at up to 300 Hz. 



NOTE: 

1 . There are no observable data errors for the received signals, for the above limits of line impairments. 
These Impairments are applied one at a time in absence of noise. 



PERFORMANCE SPECIFICATIONS 



Parameter 


mn 


Typ 


iVIax 


Units 


Comments 


DTMF Level 




5.0 




dBm 


atAOl 


DTMF Second Harmonic 






-35 


dB 


HYB enabled into 600n 


DTMF Twist (Balance) 




3 




dB 




Default DTMF Duration 




100 




ms 


Software Controlled 


Pulse Dialing Rate 




10 




pps 




Pulse Dialing Make/Break 




39/61 
33/67 




% 
% 


US 

UK, Hong Kong 


Pulse Interdigit Interval 




785 




ms 




Billing Delay Interval 






2.1 


sec 




Guard Tone Frequency 
Amplitude 

Frequency 
Amplitude 




540 

-3 

1800 

-6 




Hz 
dB 

Hz 
dB 


referenced to High 
channel transmit. 
QAM/DPSK Modes Only 


Dial Tone Detect Duration 




3.0 




sec 




Ringback Tone Detect 

Duration 

Cadence 




0.75 
1.5 




sec 


Off/On Ratio 


Busy Tone Detect 

Duration 

Cadence 


0.67 


0.2 


1.5 


sec 


Off/On Ratio 
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89C026XE OVERVIEW 

The 89C026XE processor performs data manipula- 
tion, signal processing and user interface functions. 
It supports external ROM and RAM to perform asyn- 
chronous, synchronous, and/or custom code with or 
without high level protocol functions. These options 
will allow proprietary modem control, functions, call 
progress management applications to be imple- 
mented. A block diagram of the 89C026XE is provid- 
ed in Figure 5. 

89C026XE contains a TTL compatible serial link to 
DTE equipment, along with a full complement of 
V.24/RS-232-C control signals. Alternatively, a 
UART or USART may be used directly to transfer 
data to and from a microcomputer bus. The industry 
standard AT command set is supported by the 
89C026XE, facilitating compatability between 
89C024XE and most PC software written for the AT 
command set. 

During transmit operation, the 89C026XE synthe- 
sizes DTMF tones and the 300 BPS FSK modem 



signal and transmits them to the 89027 as digitized 
amplitude samples. During 1200 and 2400 BPS op- 
eration, DPSK and QAM is used to send 2 to 4 bits 
of Information respectively at 600 baud to the AFE. 
Because the QAM coding technique Is an Inherently 
synchronous transmission mechanism. In the case 
of asynchronous QAM transmission, the asynchro- 
nous data is synchronized by adding or deleting stop 
bits. Following the synchronization process, the 
89C026XE transmits digitized phase and amplitude 
samples to 89027 over the high speed serial link. 

In the receive operation, the information Is received 
by the 89C026XE from the 89027 as two signals 
which are 90 degrees phase shifted from each oth- 
er. These analog signals are then digitized by the 
A/D converter resident on the 89C026XE. By using 
DSP algorithms, the received signals are processed 
using adaptive equalization for telephone line delay, 
amplitude distortion and gain adjustment Is executed 
and the signal demodulated. Following demodula- 
tion, the data is unscrambled, and if necessary, re- 
turned to asynchronous format. 




RST EA vjsi Vss2 AGND 



290181-7 



Figure 5. 89C026XE Block Diagram 
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89C026XE PINOUT 



Symbol 


Function (89026) 


Direction 


Pin No. 


CLKIN 


1 ? Q6 MH7 mfl^tpr rinrk frnm RQOP? 


In 


67 


CLKIN2 


P7n KH7 frnm ftQnP7 


in 
11 1 




RST 


Chip reset (active low) 


In 


16 


1 


II I'lJi icidc iC'Udvc'u oiyiiai 


In 
11 1 


1 1 


Q 


OiiAHmtiirp-nhflQP rppplx/pH Qinnsl 


In 


10 


STR 


5^\/nnhol TIminn frnm ftQOPT 

wyiiiUvl 1 IIUIII^ II (Jill 0\7v/4C r 


In 


24 


ED 


Energy Detect input 


In 


9 


TSYNC 


Trsincmittpr Q\/np niilcp tn ftQHPT 
1 1 cii loi 1 iiiioi oyi lu puioc lu 0\j\jc.f 


Out 


xjyj 


SDATA 


^prifll Dafa tn ftOHPT 


Oi it 


1 f 


SCLK 


Sprlal CInnk tn ftQ0P7 

OCI Idl wIVjUiV WJ Oi7V/£.f 


Oi it 


1ft 

1 o 


OH 


Off-Hook control to DAA 


Out 


33 


SH 


Switch-Hook from dataphone 


In 


5 


Rl 


Ring Indicator from DAA 


In 


42 


AR 


Aux Relay control to DAA 


Out 


38 


TCL1 


NVRAM Data I/O 

INVriAAIVI L^dld 


I/O 

1/ \j 


pn 


TCLO 


NVRAM CI K 


Out 


1 Q 

1 «7 


B/C 


103/V 21 default ootinn 


In 


15 


S/A 


NVRAM CF 


Out 


21 


D/S 


Dumh/Smart mnrip QPlppt 


In 


Q 


CONFIG 


CiiQtnm Firmwflrp DiQsiHIp 
oudiL/iii 1 iiiiiwdiC/ L/ioduiCr 


In 


R 
o 


tm 


Test Mode Indicator 


Out 


39 


TXD 


Transmitted data from DTE 


In 


27 


RXD 


Received data to DTE 


Out 


29 


RTS 


Request to send from DTE 


In 


22 


CTS 


Clear to Send to DTE 


Out 


23 


DSR 


Data Set Ready to DTE 


Out 


30 


DCD 


Data Carrier Detect to DTE 


Out 


31 


DTR 


Data Terminal Ready from DTE 


In 


25 


RCLK 


Received clock to DTE 


Out 


34 


TCLK 


Transmit clock to DTE 


Out 


28 


XTCLK 


External timing clock from DTE 


In 


26 


SI 


Speed Indicator to DTE 


Out 


32 


REMLB 


Remote Loopback Command from DTE 


In 


7 


LCLLB 


Local Loopback Command from DTE 


In 


4 


Vcc 


Positive power supply ( + 5V) 


+ 5V 


1 


VPD 


Ram back-up power 


+ 5V 


14 


Vref 


A/D converter reference 


+ 5V 


13 


\/ 

VSS1 


Digital ground 


GND 


36 


VSS2 


Digital ground 


GND 


68 


AGND 


Analog ground 


AGND 


12 


Vbbs 


Back-bias generator output 


Out 


37 


EA 


External Memory enable 


In 


2 


AD0-AD15 


External memory access address/data(5) 


I/O 


60-45 


AA 


Auto Answer 


Out 


60 


JS 


Jack Select 


Out 


59 
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89C026XE PINOUT (Continued) 



Symbol 


Function (89026) 


Direction 


Pin No. 


NMI 


No-maskable InterruptCN/ss)^""^ 


In 


3 


X2 


Crystal output(NC)(2) 


Out 


66 


CLKOUT 


Clk output 


Out 


65 


TEST 


Factory test(Vcc)(3) 


In 


64 


INST 


External memory instruction fetch 


Out 


63 


ALE 


Address latch enable 


Out 


62 


RD 


External memory read 


Out 


61 


READY 


External memory ready(Vcc)^^^ 


In 


43 


BHE 


External memory bus high enable 


Out 


41 


WR 


External memory write 


Out 


40 



NOTES: 

1 . Pins marked with (Vss) must be connected to Vss- 

2. Pins marked with (NC) are to be left unconnected. 

3. Pins marked with (Vcc) must be connected to Vcc- 

4. With internal ROM enabled, AD0-AD1 are used as AA and JS. 



89C026XE PIN DESCRIPTION 



XTCLK 

Transmitter timing from DTE, when external clock 
option is selected. 

TXD 

The serial data from DTE to be transmitted on the 
line. A logic 'high' is mark. In synchronous mode, 
89026 samples this data on the rising edges of 
TCLK. 



TCLK 

Clock output from 89026 as timing source for data 
exchange from DTE to m odem. Serial data is read 
on the rising edges of the TCLK. This output is High 
in asynchronous mode. 

RXD 

The serial data to DTE. 'Mark' is a l ogic H igh. In 
synchronous mode, the rising edge of RCLK occurs 
in the middle of RXD. 



RCLK 



Synchronous clock output. Rising edge of RCLK oc- 
curs in the middle of each RXD bit. This pin remains 
High in asynchronous mode. 

Vbbs 

This pin to be connected to AGND through a 
0.01 jnF capacitor. 

m 

A Low indicates maintenance condition in the mo- 
dem. 



DCD 

In async operation, DCD remains Low regardless of 
data carrier (default), or it can be programmed to 
indicate received carrier signal is within the required 
timing and amplitude limits. In sync operation Low 
indicates the received carrier signal is within the re- 
quired timing and amplitude limits. 

DSR 

Low indicates modem is off-hook, and it is in data 
transmissio n mo de, and the answer tone is being 
exchanged. CTS Low indicates modem is prepared 
to accept data. 

RTS 

In async mode RTS i s ign ored. Under command 
control, in sync mode RTS can be igno red, or the 
modem can respond with a Low on QTS. 

DTR 

&D0 command will cause the modem to ignore DTR. 
For &D1 the modem assumes the asynchronous 
comm and state on a Low to High transition of the 
DTR circuit. The &D2 command does the same as 
&D1 except the state of DTR will enab le/di sable 
auto answer. A Low to High transition of DTR after 
the &D3 command will cause the modem to assume 
the initialization state. 

B/C 

Low configures the modem to CCITT V.21. High will 
configure the modem to Bell 1 03, when at 300 bps 
speed. This pin only affects the modem in 300 bps 
operation. 
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TCL1, TCLO 

These pins are used as the serial clock and data for 
interface to an NVRAM. Refer to Figure 3. TCLO is 
used to output a clock and serial data is read in on 
TCL1. 

AR 

This Auxiliary relay control is for switching a relay for 
voice or data calls. High is voice, Low is data. 

Rl 

A Low signal from DAA indicates line ringing. This 
input is ignored when the modem is configured for 
leased line. This signal should follow the ring ca- 
dence. 

OH 

Low controls off hook. High indicates on hook. 
When dialing, this control is used to pulse dial the 
line. 

SH 

Used as a telephone voice to data switch or vice 
versa. Any logic level transition will toggle the mo- 
dem state. This input is ignored, if a software com- 
mand attempts to switch the modem between voice 
and data. 

AA 

Used as an indicator for Auto Answer status and 
Ring indicator. Active low. 



LCLLB 



A Low will set the modem in the local analog loop- 
back test mode. L ogic Low le vels applied simulta- 
neously to REM LB and LCLLB pins, sets the modem 
to the local digital loopback. 



SI 

Selects one of the two data rates or ranges of rates 
in the DTE to correspond to the rate in modem. Low 
selects the higher rate (2400 CCITT/1200 BELL) or 
range of rates. High selects the Low rate or range of 
rates. 

D/S 

A Low on this pin will indicate the smart mode which 
will respond to all commands. A High will ignore ail 
commands. 

VreF 

Voltage reference for the analog to digital converter 
should be connected to the 89027 AVcc. 

VPD 

The internal RAM power down supply voltage to be 
connected to 5 Volts during normal operation. 

S/A 

The function of this pin is re-defined as external 
NVRAM CE. 

CONFIG 

Low indicates availability of custom software mod- 
ules in off-chip memory. 

Ea 

When high, memory access from address 2000H to 
4000H are directed to on-chip ROM. When low, all 
Memory access is directed to off-chip memory. 

JS 

Low is used to pulse A and A1 leads to control a 1 A2 
Key System jack. 



REMLB 



A logic Low on this pin initiates a remote loopback 
condition. 



89C026XE ABSOLUTE MAXIMUM 
RATINGS* 

Temperature Under Bias ^10 to +80° C 

Storage Temperature -40 to + 125° C 

Voltage from Any Pin to 

Vss or AGND -0.3V to + 7.0V 

Average Output Current from Any Pin 1 0 mA 

Power Dissipation , 1.5 Watts 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 
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OPERATING CONDITIONS 



Symbol 


Parameter 


MIn 


Max 


Units 


TA 


Ambient Temperature Under Bias 


0 


+ 70 


C 


Vcc 


Digital Supply Voltage 


4.75 


5.25 


V 


FREQ 


CLKIN Frequency 12.96 Mhz 


-0.01% 


+ 0.01% 




CLKIN2 


Frequency 270 KHz 


-0.01% 


+ 0.01% 




VPD 


Power-Down Supply Voltage 


4.75 


5.25 


V 



NOTE: 

Vbbs should be connected to AGND through a 0.01 ju,F capacitor. AGND, Vss and the 89027 Vgs. AGND must be nominally 
at the same potential. 



DC CHARACTERISTICS 



Symbol 


Parameter 


Min 


Max 


Units 


Comments 


V|L 


Input Low Voltage 


-0.3 


+ 0.8 


V 


Except RST 


V|L1 


Input LOW voltage, no 1 


— 0.3 


+ 0.7 


V 




V|H 


Input High Voltage 


2.0 


Vcc +.6 


V 


Except RST, 
NMI, CLKIN 


V|H1 


Input High Voltage, RST Rising 


2.4 


Vcc + .5 


V 




V|H2 


Input High Voltage, RST Falling 


2.1 


Vcc + .5 


V 




V|H3 


Input High Voltage, NMI, CLKIN 


2.4 


Vcc +.5 


V 




Vol 


Output Low Voltage 




0.45 


V 


See Note 1. 


VOH 


Output High Voltage 


2.4 




V 


See Note 2. 


Ice 


Vcc Supply Current 




55 


mA 


All outputs disconnected 


IpD 


VpD Supply Current 




1 


mA 


Normal operation and Power-Down 


Iref 


Vref Supply Current 




15 


mA 




Ili 


Input Leakage Current 




+ 10 


ju,A 


Vin = Oto Vcc See Note 3 


l|H 


Input High Current to EA 




100 


fjtA 


V|H = 2.4V 


l|L 


Input Low Current 




-100 


JLtA 


V|L= 0.45V See Note 4 


l|L1 


Input Low Current to RST 




-2 


hiA 


V|L= 0.45V 


l|L2 


Input Low Current S/A, SH, Rl, READY 




-50 


/xA 


V|L= 0.45V 


Cs 


Pin Capacitance (Any Pin to Vss) 




10 


pF 


1 MHz 



NOTES: 

1. lOL = 0.36 mA for pins TGLO, TCL1, B/C, RTS, CTS, DSR, DCD, 81, AR, and OH. Also if ADO - AD15 are configured as 1/ 
O ports. 

lOL = 2.0 mA for TM, CLKOUT, ALE, BHE, RD, WR, RX D, TCLK, an d ADO - AD15 when used as external memory bus. 

2. loH = -20 juiA for_pins TCLO, TCL1, B/C, RTS, CTS , DSR, DCD, SI, AR, and OH. 

lOH = -200 jLiA for TM, CLKOUT, ALE, BHE, RD, WR, RXD, TCLK, and ADO - AD15 when used as external memory bus. 
ADO - AD1 5 when used as I/O ports , have open-dra in outputs. 

3. For pins DTR, XTCLK, TXD, D/S, REMLB, LCLLB, CONFIG, AD0-AD15. 

4. TCLO, TCL1, B/C, RTS. 

5. Power must be applied to the device in the following sequence: Vss ^'fst, then Vcc- 
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A.C. CHARACTERISTICS Vcc. Vrd = 4.75V to 5.25V; Ta = 0°C to 70°C; CLKIN = 12.96 MHz 

Test Conditions: Load capacitance on output pins = 80 pF 
TOSC = 1/12.96 IVIHz 

The memory system must meet these specifications to worl< with 89C026XE 



Symbol 


Parameter 


Min 


Max 


Units 


Notes 


Tavyv 


Address Valid to READY Setup 




2TOSC-75 


ns 




Tllyv 


ALE Low to READY Setup 




TosC-72 


ns 




TylYH 


Non READY Time 


No upper limit 


ns 




TCLYX 


READY Hold after CLKOUT Low 


0 


ToSC-30 


ns 


(Notel) 


Tllyx 


READY Hold after ALE Low 


Tosc-IS 


2TosC-40 


ns 


(Notel) 


TaVGV 


Address Valid to Buswidth Setup 




2TOSC-70 


ns 




Tllgv 


ALE Low to Buswidth Setup 




ToSG-70 


ns 




TCLGX 


Buswidth Hold after CLKOUT Low 


0 




ns 




TaVDV 


Address Valid to Input Data Valid 




3TosC-60 


ns 




Trldv 


RS Active to Input Data Valid 




T0SC~23 


ns 




TCLDV 


CLKOUT Low to Input Data Valid 




ToSC-50 


ns 




Trhdz 


End of RD to Input Data Float 




ToSC-20 


ns 




Trxdx 


Data Hold after RD Inactive 


0 




ns 





NOTES: 

1 . If max is exceeded, additional wait states will occur. 
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Symbol 


Parameter 


Min 


Max 


Units 


Notes 


FCLKIN 


CLKIN Frequency 


12.95870 


12.96129 


MHz 


12.96 ±0.01% 


FCLKIN2 


CLKIN2 Frequency 


269.973 


270.027 


KHz 


270 ±0.01% 


TxHCH 


XTAL1 High to CLKOUT High or Low 


40 


110 


ns 


(Notel) 


TcLCL 


CLKOUT Cycle Time 


2TosC 


ns 




TCHCL 


CLKOUT High Period 


TosC-10 


Tosc+10 


ns 




TCLLH 


CLKOUT Falling Edge to ALE Rising 


-5 


15 


ns 




Tllch 


ALE Falling Edge to CLKOUT Rising 


-15 


15 


ns 




Tlhlh 


ALE Cycle Time 


4T0SC 


ns 




TlHLL 


ALE High Period 


TosC-10 


Tosc+10 


ns 




Tavll 


Address Setup to ALE Falling Edge 


T0SC~15 




ns 




TlLAX 


Address Hold after ALE Falling Edge 


TosC-35 




ns 




Tllrl 


ALE Falling Edge to RD Falling Edge 


ToSC~40 




ns 




TrlCL 


RD Low to CLKOUT Falling Edge 


10 


30 


ns 




Trlrh 


RD Low Period 


TosC-5 




ns 




Trhlh 


RD Rising Edge to ALE Rising Edge 


ToSC 


ToSC + 25 


ns 


(Note 2) 


TrlAX 


RD Low to Address Float 


10 




ns 




Tllwl 


ALE Falling Edge to WR Falling Edge 


ToSC-10 




ns 




TCLWL 


CLKOUT Low to WR Rising Edge 


0 


25 


ns 




Tqvwh 


Data Stable to WR Rising Edge 


TosC-20 




ns 




TCHWH 


CLKOUT High to WR Rising Edge 


-10 


10 


ns 




TwLWH 


WR Low Period 


TosC-30 




ns 




TwHQX 


Data Hold after WR Rising Edge 


ToSC-10 




ns 




TWHLH 


WR Rising Edge to ALE Rising Edge 


ToSC-10 


Tosc+15 


ns 


(Note 2) 


TWHBX 


BHE, INST HOLD after WR Rising Edge 


ToSC-10 




ns 





NOTES: 

1 . This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 

2. Assuming back-to-back bus cycles. 
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WAVEFORM 



- Tosc - 



CLKIN 



CLKOUT 



-tCLCL- 



-H>- tCLLH 

ALE 



h-tLLCH 



- tXHCH - 



-tCHCL- 



-tLHLH- 



tLHLL 



READ 



BUS 



WRITE 



tAVLL - 



f 



- tLLRL - 



tRLAX-* 
- tLLAX 



-tRLRH- 



tRLDV 



ADDRESS OUT 



■ tAVDV - 



■ tRHLH - 



-^tRHDZ-^ 



-tLLWL- 



-tWLWH- 



BUS 



-C 



-tQVWH- 



-tWHLH-H 



ADDRESS OUT 



tWHOX-*^ 
DATA OUT X ADDRESS 



tWHBX 



BHE, 



:,INST — ^ 



VALID 



)h: 



290181-8 



Figure 6. Bus Signal Timings 



4-38 



89C024XE 



89027 OVERVIEW 

The 89027 is a 28 pin CMOS analog front end de- 
vice, which performs most of the complex filtering 
functions required in modem transmitters and re- 
ceivers. A general block diagram of this chip is pro- 
vided in Figure 7. Most of the analog signal process- 
ing functions in this chip are implemented with 
CMOS switched capacitor technology. The 89027 
functions are controlled by 89C026XE, through a 
high speed serial data link. 

During FSK transmit operation, the 89027 receives 
digitally synthesized mark and space sinusoid ampli- 
tude information from the 89C026XE. The 89027 
converts the signal to its analog equivalent, filters it, 
and transmits it to the telephone line. For QAM 
transmission, the signal constellation points are 
transferred to the 89027. This information is modu- 
lated into an analog signal, passed through spectral 



shaping filters, combined with the necessary guard 
tone, smoothed by a low pass filter, and transmitted 
to the line. Prior to transmitting either FSK or QAM 
signals to the telephone line, the 89027 adjusts the 
signal gain through an on-board programmable gain 
amplifier. 

During the receive operation, the received FSK and 
QAM signals are passed through anti-alias filters, 
bandsplit filters, automatic gain control and carrier 
detect circuits, a Hilbert transform filter, and the out- 
put sent to the 89C026XE processor as analog sig- 
nals. 

Other functions provided by the 89027 are: an on- 
board two wire to four wire circuit with disable capa- 
bility, an audio monitor output with software configu- 
rable gain, and a programmable gain transmit signal. 

The 89027 is available in 28 pin plastic DIP and 
PLCC packages. 



SDATA - 
SCLK- 
TSYNC - 



SERIAL 
INTERFACE 
CONTROL 



XI 



X2 I 
CLKOUT ^ 
CLK0UT2<< 

ED 4 
STR 'i 



CLOCK 
CIRCUIT 

AND 
TIMING 



ANTl-ALIAS 
FILTER 



ENERGY 
DETECT 



HIGH 
BAND 
FILTER 



SMP/HOLD 
LEVEL 
SHIFT 



SMP/HOLD 
LEVEL 
SHIFT 



*— I HILBERT 
TRANSFORM 



^ 1 AGC > 



Vcc AGND Vss rst AVcc 



LOW 
BAND 
FILTER 



AUDIO 
AMP. 





^'1 








GUARD 








TONES 



SMOOTH 
FILTER 



PROG. 
GAIN 



-A02 
-HYB 



OUTPUT LEVEL 
TX3-TX0 



Figure 7. 89027 Block Diagram 
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89027 PINOUT 



wj IIIMUI 


Function (&QQ77\ 




Pin No. 


Vcc 


Positive Power Supply (Digital) 


+ 5V 


28 


Vbb 


Negative Power Supply 


-5V 


15 


Vqq 


Digital Ground 


DGND 


24 


AGND 


Analoa Ground 


AGND 


21 


AVrr 


Positive Power SuddIv ^Analoa^ 


4-5 


7 


X1 


Xtal Oscillator 


In 


23 


X2 


ytfll 0<5rillatnr 
y\icii v»/ouiiicii(ji 


Out 


25 


CL KOUT 




Out 


26 


CLK0UT2 


270 KHz Clock Output to 89C026XE 


Out 


19 


RST 


Chio re"^pt ^active iow^ 


In 


20 


HYB 


Enable on-chio hvbrid (1) 

i-mI idk/lw v/l 1 wi I'M ' tjhjt t\J ^ ' 


in 


10 


AZ1 


Aiito-zpro caoacitor 


Out 


16 


AZ2 


Auto-zero capacitor 


In 


17 


SDATA 


Serial data from 89C026XE 

Xm^WI ICIi VldiCI II will \jK^\^\/bm\tfA\tmm 


In 


2 


SCLK 


Serial clock from 89C026XE 

VjWl Idl WiVi/WllX llVi/lll \Jsy\^\JCm\JX\fmm 


In 




TSYNC 


Transmitter sync from 89C026XE 


In 


3 


STR 


Svmbol timina to RQCOPfiXE 

Vi^yilik^Vyl III 1 III 1^ l\J \Js!/\J'\J^\Jr\lmm 


Out 


27 


ED 


Qprpiwpr pnprnv dptprt to ftQCOPBXF 


Out 


18 


1 


In nhaQP r^re^'iM^ci cinnal to AQf^OPRyF 

III ^1 IClOC 1 C;UC7IVC7\J Oiyi ICII {,\J \J\7\^\JC\J/\t^ 


Out 


13 


Q 


Quadrature-phase received signal to 89C026XE 


Out 


14 


A01 


Transmitter output 


Out 


6 


A02 


Receiver input 


In 


12 


AMP 


Output to monitor speaker 


Out 


11 


TXO 


Transmitter level control (LSB) 0) 


In 


9 


TX1 


Transmitter level controK^) 


In 


8 


TX2 


Transmitter level control C) 


In 


5 


TX3 


Transmitter level control (MSB)(1) 


In 


4 



NOTE: 

1 . When held high, these pins should be connected through 1 0K resistors to AycL 



89027 Pinout Description 

TXO-3 

These four pins control the transmitted signal level. 
The output level can be adjusted from - 1 dBm to 
-16 dBm in 1 dB steps. 

HYB 

This pin enables the on-chip hybrid. A line imped- 
ance matching network must be connected between 
A01 and A02 when HYB is enabled. If HYB is dis- 
abled and an external 4W/2W hybrid is used, the 
hybrid receive path must be amplified by 6 dB. 



A01 

Transmitter output. 
A02 

Receiver input. 
AMP 

This output can be used to monitor the call progress 
tones and operation of the line. 
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ABSOLUTE MAXIMUM RATINGS Power Dissipation 1.35W 

Temperature Under Bias - 1 0 to + 80° C Voltage with Respect 

Storage Temperature -40 to + 125» C '° ^SS^) -0.3V to 6.5V 

All Input and Output Voltages NOTE: 

with Respect to Vbb -0.3V to + 13.0V -|. Applies to pins SCLK, SDATA, TSYNC, RST, 

All Input and Output Voltages HYB, TX0-TX3 only. 

with Respect to Vqc & AVcc - 1 3.0V to 0.3V 



POWER DISSIPATION Ambient Temp = 0° to 70° C, Vcc= AVcc= 5 ± 5%, Vss= AGND= 0. 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Alcci 


AVcc Operating Current 




19 


25 


mA 


lcci 


Vcc Operating Current 




7 


10 


mA 


lbbi 


Vbb Operating Current 




-19 


-25 


mA 


Alccs 


AVcc Standby Current 




0.2 


1 


mA 


ICCs 


Vcc Standby Current 




7 


10 


mA 


Ibbs 


Vbb Standby Current 




-0.6 


-2 


mA 


Pdo 


Operating Power Dissipation 




225 


300 


mW 


Pds 


Standby Power Dissipation 




40 


70 


mW 



DC CHARACTERISTICS (Ta=0''C to 70°C, AVcc = Vcc = 5V ±5%, Vbb = 5V ±5%, AGND = 
Vss = OV), supply voltage must be at the same potential as the 89C026XE power supply. Typical Values are 
for Ta = 25°C and nominal power supply values. Power must be applied in the following sequence: Vss. 
AGND, Vbb. Vcc. and AVcc- Vcc. AVcc and 89C026XE Vref must be nominally at the same potential. 



Inputs: TXO, TX1, TX2. TX3, HYB, RST 
Outputs: CLKOUT 



Symbol 


Parameter 


Min 


Max 


Units 


Test Condition 


lil 


Input Leakage Current 


-10 


+ 10 


]llA 


Vss ^ Vin ^ Vcc 


Vil 


Input Low Voltage 


Vss 


0.8 


V 




Vih 


Input High Voltage 


2.0 


Vcc 


V 




Vol 


Output Low Voltage 




0.4 


V 


lol ^ -1.6mA,1 TTLIoad 


Voh 


Output High Voltage 


2.4 




V 


Ich <. SOixa, 1 TTL load 


Vcol 


CLKOUT Low Voltage 




0.4 


V 


Ci = 60 pF 


Vcoh 


CLKOUT High Voltage 


2.4 




V 


Ci = 60 pF 
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AC CHARACTERISTICS (Ta = 25°C, Vqc = AVcc = 5 V, Vss = AGND = O, Vbb = -5 V) 
ANALOG INPUTS: A02 



Parameter 


Min 


Typ 


Max 


Units 


Test Condition 


A02 Input Voltage Range 






-9 


dBm 




A02 Input Resistance 




10 




Mohms 


- 3.5V <Vln<+ 3.5V 


A02 Allowed DC offset 


-30 




+ 30 


mV 


Relative to AGND 



AUTO ZERO CAPACITANCE 

Capacitance = 0.015 jnF 

Tolerance = ±10% 

Voltage Rating = 10V 

Type = Non-Electrolytic, low leakage. 



CRYSTAL REQUIREMENTS 




Figure 8. Crystal Equivalent Circuit 



Parameter 


Min 


Typ 


Max 


Unit 


Comments 


Frequency Accuracy {0°C-70°C) 


-0.0035% 




+ 0.0035% 


12.960 Mhz 


Refer to 












Figure 8 


Rx 




10 


16 


ohms 




Cx 




0.024 




PF 




Co 


5.1 


5.6 


6.1 


PF 




Cl 


-5% 




+ 5% 


33 pF 


2 Load 












Capacitors 



Crystal Type: Series Resonant 

ANALOG OUTPUTS: A01, AMP 



Parameter 


Min 


Typ 


Max 


Units 


Comments 


Load Resistance 












A01 


600 






ohms 




AMP 


10 






Kohms 




Load Capacitance 












AMP 






100 


pF 




Audio Amp Gain 




-9 




dB 


Software 


A01 to Amp 




-18 




dB 


Selectable 






-24 




dB 








-75 




dB 




Audio Amp Gain(i) 




+ 12 




dB 


Software 


A02 to Amp 




+ 3 




dB 


Selectable 






-4 




dB' 








-65 




dB 





NOTE: 

1 . Assumes on-chip hybrid is enabled. When on-chip hybrid is disabled, gain with respect to A02 is reduced by 6 dB. 
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inter 



89C024XE 



TRANSMIT LEVEL 



nUTPUT TRANSMIT L FVPL (1) 


TV ^210 


lyp 


Units 




0000 


+ 5 


dBm 




0001 


+ 4 


dBm 




• 


• 


• 




• 


• 


• 




• 




• 




1110 


-9 


dBm 




1111 


-10 


dBm 



NOTE: 

1. For FSK, PSK, QAM xmit signal measured at A01. 



REFERENCE MANUAL 



Overview 



For reference purposes please refer to the 89024 
Reference Manual which also contains a full de- 
scription of the AT commands and S-registers sup- 
ported by the 89C024XE Modem chip set. 



ORDERING INFORMATION 

Intel literature number: 296235-001 
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MNP APPLICATION PACKAGE 
MNP CLASS 5 SOFTWARE 
FOR THE 89C024XE MODEM CHIP SET 



MNP Class 1-5 

Error-Free Data Transfer 

Up to 200% Improvement in 
Throughput 

Hardware and Software Flow Control 



■ Single Processor 

■ Automatic Speed Matching 

■ Data Buffering 

■ DTE Interface Rates to 9600 bps 



The MNP Application Package is a software solution which enables the 89C024XE Modem Chip Set to support 
the popular MNP error correction protocol, including Class 5 data compression, the firmware package in- 
cludes: the 89C024XE High Level Protocol system source library, the MNP Engine object library, and support 
documentation. This firmware provides performance identical to the 89C024XE Modem Chip Set, and an 
extended AT command set which controls the MNP features. 



DTE 
INTERFACE 





89C026XE 


O 


89027 





TELEPHONE 

LINE (DAA) 

INTERFACE 



8X8K RAM 



3± 



EPROM 



Figure 1. 89C024XE MNP Implementation 



*Microcom Network Protocol is a trademark of Microcom Inc. 
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89C024XE 



Additional Commands Implemented for MNP Fea- 
ture Control. 

\An Maximum MNP Block Size 

%An Set Auto-Reliable Fallback Character 

\Bn Transmit Break 

\Cn Set Auto-Reliable Buffer 

\Gn Set Modem Port Flow Control 

\Jn Bits per Second Rate Adjust 

\Kn Set Break Control 

\Nn Set Operating Mode 

\0 Originate Reliable Link 

\Qn Set Serial Port Flow Control 

\Tn Set Inactivity Timer 

\U Accept Reliable Link 

\Vn Modify Result Code Form 

\Xn Set XON/XOFF Pass-Through 

\Y Switch to Reliable Mode 

\Z Switch to Normal Mode 

Functional Description 

The MNP Application Package provides a cost-ef- 
fective MNP solution, with minimum additional hard- 
ware required. Typically, two EPROMs, an 8 Kbyte 
static RAM, and a minimum number of latches and 
memory decoding logic are required. The memory 
system must be configured to satisfy the 89C026XE 
timing requirements. Optimum performance is 
achieved with a 16-blt bus EPROM, 8-bit bus RAM, 
0-wait state memory system. A 1 -wait state memory 
system will provide satisfactory Class 4 operation, 
but may Impact throughput during MNP Class 5 op- 
eration. 

The 89C024XE High Level Protocol system source 
library consists of the Initialization, Command De- 
coder, MNP Command Decoder, Call Progress Man- 
agement, Handshake, Data Mode and Data Pump 
Modules. These modules can be customized to 
meet the designer's requirements. 



The MNP Engine object library contains the relocat- 
able object modules which execute the MNP class 
1 -5 protocol. 

MNP 

Class 1 : Half-duplex operation, data throughput effi- 
ciency up to 70%. 

Class 2: Full-duplex operation, data throughput effi- 
ciency up to 84%. 

Class 3: Full-duplex operation, data throughput effi- 
ciency up to 108%. 

Class 4: Full-duplex operation. Adaptive packet siz- 
ing optimizes data packet size for line con- 
ditions. Data throughput efficiency up to 
120%. 

Class 5: Full-duplex operation. Adaptive packet siz- 
ing and data compression. Data throughput 
efficiency up to 200%. 



Technical Specifications 

For technical specifications on CCITT V.22bis, V.22, 
V.21, Bell 212 and 103, see Intel 89C024XE data 
sheet. 

Data Rate Compatibility: 110, 300 1200, 2400, 4800 
and 9600 bps with speed matching. 

Remote Modem Interface: MNP Class 1 , 2, 3, 4 or 5 
Error Correction Protocol. 

Flow Control: X-ON/X-OFF; RTS/CTS; 

Break Handling: Relayed with Attention Packets; De- 
structive and Non-Destructive/Expedited and Non- 
Expedited. 

Terminal Data Rate Compatibility: 110, 300, 1200, 
2400, 4800, 9600 bps. 
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89024 MEKPC 
PC CARD MODEM EVALUATION KIT FOR 89024 



300 to 2400 bps Full Duplex Operation 

Bell and CCITT Standards Supported 

For Evaluation of 89024 Modem Chip 
Set and 82050 UART 



PC Card Form Factor 
Wire-Wrap Area for Custom Circuitry 
No Assembly Required 
Communication Software 
Comprehensive Documentation 



The 89024 MEKPC is a 2400 bps, Hayes AT command set compatible PC card modem. It is provided as a 
evaluation tool for Intel's 89024 Modem Chip Set and 82050 UART. It is not intended for use on phone lines, 
and it is not FCC approved. 
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89026 




82050 
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DTR CLKIN 
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TXD 




TXD 




RD 


RXD 
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WR 


DCD 
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CLKOUT 



89027 
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. Tip STANDARD 
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Figure 1. MIKPC 89024 Blocl( Diagram 
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89024 MEKPC 



FUNCTIONAL DESCRIPTION 

The MEKPC is a full functional 2400 bps pc modem 
card based on the 89024 modem chip set. It can be 
used with any IBM PC or PC compatible machine. It 
uses one of two serial communication ports avail- 
able in a PC, C0M1 and COM2. COM port selection 
is made via a jumper option on the MEKPC. The 
82050 UART provides the interface between the 
89024 and the PC bus. The 82050 is 100% software 
compatible with the 16450/8250A UART's, allowing 
the modem to work with popular commercial com- 
munications software such as Cross Talk, Smart- 
com, SmarTerm, and PC term. A block diagram of 
the MEKPC is shown in Figure 1. 



89024 MODEM CHIP SET 

The 89024 is a highly integrated 2400 bps modem 
chip set providing a complete modem system in two 
chips, the 89027 and the 89026. The 89027 is an 
analog front end which implements the filters for mo- 
dem receivers and transmitters. The 89026 is an ap- 
plication specific processor which performs modula- 
tion/demodulation and user interface functions. It 
also implements the industry standard "AT" com- 
mand set. 



82050 UART 

The 82050 Asynchronous Communications Control- 
ler provides 100% software compatibility with the 
16450/8250A in a 28 pin package. The smaller 
package size and its simpler system interface pro- 
vides substantial board space savings. The 82050 is 
fabricated using CHMOS III technology for de- 
creased power consumption and increased reliabili- 
ty. 



COMMUNICATION SOFTWARE 

For asynchronous PC communications, a software 
package developed by Intel called iTERM is provid- 
ed. iTerm allows a PC to emulate an ASCII terminal. 
In addition, user friendly features and menu driven 
commands for setting terminal parameters and load- 
ing the function keys with AT command strings are 
provided. 

DOCUMENTATION 

Detailed information on the MEKPC89024, iTERM, 
89024, and 82050 is provided. Following is a Jist of 
the enclosed documents: 

1. MEKPC89024 User's Guide 

2. 89024 Reference Manual 

3. 89024 Data Sheet 

4. 82050 Data Sheet 

5. 89024 Firmware Evaluation Report 

89024 Reference Manual 

The 89024 Reference Manual details design infor- 
mation for the 89024 Modem Chip Set. It provides 
descriptions and specifications of the two chips 
comprising the 89024, the 89026 and the 89027. In 
addition, it describes the control interface between 
the two chips. 

The reference manual also provides a full descrip- 
tion of all the "AT" commands and S-registers sup- 
ported by the 89024 Modem Chip Set. 

Intel literature number: 296235-001 



MEKPC89024 ORDERING 
INFORMATION 

Order Number 

MEKPC89024, Q_0120 
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89024 MEK2 
89024 ENHANCED MODEM EVALUATION KIT 

■ Comprehensive User's Manual 

■ PC Communications Paclcage Included 

■ Includes Power Supply & User Wire- 
Wrap Area 



OVERVIEW 

The 89024 MEK2 is a stand alone Sync/Async Intelligent Modem evaluation kit. This MULTI-BUS II form-fac- 
tor circuit board is a fully assembled and functional modem that can be used for demonstrating the capabilities 
of the 89024 2400 bps Intelligent modem chip-set. It is also a versatile tool for evaluating the chip-set Bit Error 
Rate performance, as well as customizing the 89024 software. 

The board is equipped with a power supply module, eliminating the need for a lab power supply, as well as a 
comprehensive user's manual and an Intel PC Communications Software package (ITERM). 




■ Single Board Evaluation Kit for the 
89024 2400 bps Modem 

■ Recommended for Bit Error Rate 
Testing 

■ Intended as an 89024 Software 
Customization and Development Tool 



ITERM 
PC COMMUNICATIONS 
PROGRAM 



LED DISPLAY 



TO SBE-96 
EMULATOR 




TO DTE 
SYNC/ASYNC 



110V 




RS-232 
INTERFACE 



4^ 



89026 
MASK 
ROM 



89027 



EPROM 



CONSTELLATION 
DECODER 

n n □ 



TO SCOPE X-AXIS 
TO SCOPE Y-AXIS 
TO RMS DVM 



I 4- 

ERROR 



EPROM 



SPEAKER^ 



WIDE WRAP 
AREA 



TO TELEPHONE SET 
TO PHONE LINE 



290150-1 



NOTE: 

This product does not comply with FCC part 68 and part 1 5 requirements. It is intended for laboratory evaluation only. 

Figure 1. 89024 MEK2 Block Diagram 



4-48 



March 1988 
Order Number: 290150-002 



inteT 



89024 MEK2 



SOFTWARE DEVELOPMENT 

The 89024 MEK2 provides EPROM sockets for eval- 
uating user developed software and provides the 
necessary clocking provisions to interface to an 
SBE-96 In-Circuit Emulator board. 

For evaluation of modem signal quality, a constella- 
tion (eye pattern) decoder circuit has been included 
on-board. All hardware/software configurable fea- 
tures of the 89024 chip-set are strap configurable on 
this board. 



HARDWARE OVERVIEW 

The board provides a convenient vehicle for con- 
ducting Bit Error Rate tests. It is a good example of 
simple double-sided PCB layout that meet stringent 
modem noise requirements. The DAA interface sup- 
ports Voice/Data Communications, as well as, 1A2 
Key System A lead control. A loud-speaker and am- 
plifier provide audible indication of call progress to 
the user. A series of LED indicators display the 
status of essential modem functions. 



SERIAL INTERFACE 

A female DB-25 connector provides an 
RS-232/V.24 Sync/Async interface to the DTE. For 
Async PC communications, iTERM Communications 
Disk may be used to drive the modem. This software 
package allows a PC to emulate an ASCII terminal. 
The program has several user-friendly menus which 
accommodate setting terminal parameters and load- 
ing the PC Function Keys with AT command strings. 



DOCUMENTATION 

Detailed information on the 89024 MEK2, iTERM 
and 89024 is provided. Following is a list of the en- 
closed documents. 

1. 89024 MEK2 User's Guide 

2. 89024 Reference Manual 

3. 89024 Data Sheet 

4. 89024 Firmware Evaluation Report 

89024 Reference Manual 

The 89024 Reference Manual details design infor- 
mation for the 89024 Modem Chip Set. It provides 
descriptions and specifications of the two chips 
comprising the 89024, the 89026 and the 89027. In 
addition, it describes the control interface between 
the two chips. 

The reference manual also provides a full descrip- 
tion of all the "AT" commands and S-registers sup- 
ported by the 89024 Modem Chip Set. 

Intel literature number: 296235-001 



ORDERING INFORMATION 

MEK2,Q_0122 
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MEK3 

MODEM EVALUATION KIT 



Single Board Evaluation Kit for the 
89024, 89C024XE and 89C024XE MNP 
Modems 

Onboard Constellation Decoder 

Software Customization and 
Development Platform for Intel Modem 
Chipsets 



Comprehensive User's Manual 

ITERM PC Communication Package 

User Wire-Wrap Area for H/W 
Customization 

Includes Power Supply 



OVERVIEW 

The MEK3 is a modem evaluation kit for Intel's modem line of products. These include 89024, 89C024XE and 
89C024XE-MNP Modems. This evaluation board comes assembled and tested as a functional modem. It is 
also designed to provide onboard prototyping area for purposes of customization. The packaged unit comes 
with the 89C024XE chip-set socketed on the board itself and the 89024 chipset contained in a separate box. 

The board is equipped with a power supply module, eliminating the need for a fab power supply. A comprehen- 
sive user's manual aind a copy of the Intel PC communications Software package iTERM is also included. 



ITERM 
PC COMMUNICATIONS 
PROGRAM 



TO SBE-96/ICE-196 
LED DISPLAY EMULATOR 




TO DTE 
SYNC/ASYNC 



H 



110V 




RS - 232 
INTERFACE 



I NVRAM [ 4^ 



89C026XE 



CONSTELLATION 
DECODER 

»? »? 



1 4- 



TO SCOPE X-AXIS 
TO SCOPE Y-AXIS 
TO RMS DVM ERROR 



] E fRAMl 











EPROM 


EPROM 



-EtI 

SPEAKER^ 



WIRE WRAP 
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TO TELEPHONE SET 
TO PHONE LINE 



NOTE: 

This product is not FCC part 68 and part 1 5 approved. It is intended for laboratory evaluation only. 

Figure 1. MEK3 Block Diagram 



290191-1 
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SOFTWARE DEVELOPMENT 

The MEK3 provides EPROM sockets for evaluating 
user developed software and provides the neces- 
sary clocking provisions to interface to an SBE-96 
In-Circuit Emulator for 89024 and ICE-196 for 
89C024XE chip sets. 

For evaluation of modem signal quality, a constella- 
tion (eye pattern) decoder circuit has been included 
on-board. All hardware/software configurable fea- 
tures of the 89024 and 89C024XE chip-sets are 
strap configurable on this board. 



HARDWARE OVERVIEW 

The board provides a convenient vehicle for con- 
ducting Bit Error Rate tests. It is a good example of 
simple double-sided PCB layout that meet stringent 
modem noise requirements. The DAA interface sup- 
ports Voice/Data Communications, as well as, 1A2 
Key System A lead control. A loud-speaker and am- 
plifier provide audible indication of call progress to 
the user. A series of LED indicators display the 
status of essential modem functions. The board also 
provides MNP Class 5 operation in conjunction with 
89C024XE modem chip set. 



SERIAL INTERFACE 

A female DB-25 connector provides an 
RS-232/V.24 Sync/Async interface to the DTE. For 
Async PC communications, iTERM Communications 
Disk may be used to drive the modem. This software 
package allows a PC to emulate an ASCII terminal. 



The program has several user-friendly menus which 
accommodate setting terminal parameters and load- 
ing the PC Function Keys with AT command strings. 

DOCUMENTATION 

Detailed information on the MEK3, iTERM, the 
89C024XE and 89024 kits and 89C024XE MNP is 
provided. Following is a list of the included docu- 
ments. 

1. MEK3 User's Guide 

2. 89024 Data Sheet 

3. 89C024XE Data Sheet 

4. 89024 Reference Manual 

Reference Manual 

The 89024 Reference Manual is available. It de- 
scribes the 89024 chip-set and provides the specifi- 
cations for the 89026 and 89027. This manual also 
describes the control interface between the two 
chips. It also provides a full description of ail the 
"AT" commands and S-registers supported by the 
89024 and 89C024XE Modem chip-sets. 

Intel literature number: 296235-001 



MEK3 ORDERING INFORMATION 

MEK3 
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IP^iyiMIOKlAW 



SLD 

INTERFACE SPECIFICATION 



The Subscriber Line Datalink is a three wire inter- 
face for synchronous data transfer between master 
and slave devices. Four full duplex time-multiplexed 
64 Kbps channels are supported on a serial ping- 
pong link. Each channel transfers a byte of data ev- 
ery 125 jiiS. 

The SLD interface was developed primarily for tele- 
communications applications, where 8 KHz synchro- 
nous data transfers are the norm. It provides a stan- 
dardized physical interface for the transfer of circuit 
switched voice and data, signalling, and control 
channels to and from the individual subscriber cir- 
cuits. 



INTERFACE DESCRIPTION 

The three wires of the SLD interface consist of a 
data clock (SCL), a data direction signal (SDIR), and 
a ping-pong data lead (SLD). The data clock and 
direction signals can be common to all slave devices 
connected to the interface controller. A separate 
SLD line is connected to each slave device. The 
slave devices on this interface receive the clock sig- 
nals from the controller, and only drive the data line 
when so indicated by the direction signal. The con- 
troller generates both the SDIR direction signal and 
the SCL data clock, which are derived from the sys- 
tem clock. 

The SLD line itself supports a 512 Kpbs rate, as de- 
fined by the SCL clock. The data on this line is for- 



matted as 32 bits of receive (towards slave) data 
and 32 bits of transmit (from slave) data. This pat- 
tern is repeated at an 8 KHz rate, with the direction 
of transmission being defined by the 8 KHz SDIR 
signal. When SDIR is high, data is transferred to the 
slave device, and when SDIR is low, data is trans- 
ferred back to the master. Hence, the SDIR signal 
has a duty cycle of approximately 50%. The transmit 
and receive direction data is further divided into 
eight bytes, four transferred in each direction. The 
effective data rate over the SLD interface is 
256 Kbps in each direction. Because all SLD lines 
handled by a controller share the same direction sig- 
nal, these separate links are all synchronous. The 
exact use of the data channels on the SLD is deter- 
mined by the devices connected to it. 



USE OF THE SLD LINK 

Figure 1 shows the SLD interface. The first and fifth 
bytes (channel A) represent the first voice/data 
channel, which corresponds to the B1 channel in 
ISDN applications. The second and sixth bytes 
(channel B) contain the second voice/data channel, 
which corresponds to the B2 channel for ISDN. The 
third byte is used as a control channel to program 
the features of the SLD slave device, while the sev- 
enth byte can be used to read back status. The 
fourth and eighth bytes are used to transport signal- 
ing information, or additional control and status infor- 
mation. The SLD link provides an efficient means of 
routing ail this information between the master and 
slave devices. 
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S — Signalling/Data 



Figure 1. SLD Interface 



5-1 



SLD INTERFACE SPECIFICATION 



SLD TIMING 

The duty cycle of the 512 KHz SCL clock is typically 
50%. However, because this signal is usually de- 
rived from the system clock, it may not be practical 
to generate a 50% duty cycle. For example, a 33% 
duty cycle clock may be generated if the system 
clock is 1 .536 MHz (24 timeslot systems). All slave 
devices built to Interface to the SLD should accept 
duty cycles of from 30% to 70%. 



A special case exists for systems with a 1.544 MHz 
clock. It is not possible to derive a 512 KHz SCL 
clock from this system clock. For this case, SCL is 
allowed to have an instantaneous bit rate of 
514.67 KHz, with a stretched clock cycle inserted to 
achieve a 512 Kbps average over the 125 ;xs frame. 
This stretched clock cycle may occur as the last 
clock of the frame, or as the first clock of the frame 
(see Figure 2). 



SYNC- 
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270073-2 

Figure 2. SLD Timing for 1.544 MHz 
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SLD INTERFACE SPECIFICATION 



GENERAL SLD TIMING 
SPECIFICATION 

Following is a general SLD timing specification 
which can be used as a guideline in the design of 
SLD master or slave devices. It allows for data re- 



ception by the master on rising or falling edges of 
SCL and for data reception by the slave on falling 
edges, and if adhered to, is compatible to all current- 
ly existing SLD standard Intel components. 
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Figure 3. General SLD Timing 
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SLD INTERFACE SPECIFICATION 



General SLD Timing 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Tdsm 


Data Setup Time, MasterC) 


150 






ns 


Tdhm 


Data Hold Time, MasterC) 


0 






ns 


Tdss 


Data Setup Time, Slave 


200 






ns 


Tdhs 


Data Hold Time, Slave 


150 






ns 


Tdoffi 


SDIR to Slave Data High Z 






50 


ns 


Tdoni 


SDIR to Master Data On 


70 






ns 


TpOFFa 


Master Data High Z to SDIR 


20 






ns 


TdON2 


SDIR to Slave Data On 


0 






ns 


Tdirr 


SCL to SDIR Rising Edge(2) 


-150 




100 


ns 


Tdirfr 


SCL Rising Edge to SDIR Falling Edge(2) 


-150 






ns 


Tdirff 


SDIR Falling Edge to SCL Falling Edge(2) 


200 






ns 




SCL Duty CycleO) 


30 


50 


70 


% 




SCL Frequency^ 




512 


514.7 


KHz 




Rise and Fall Times, All Signals 






50 


ns 




SDIR Period 




125 




jlXS 



NOTES: 

1 . SLD master can receive on falling or rising edges. 

2. It is the responsibility of the master to control SDIR properly to allow reception of data at SLD turn-around points. The 
TDIR times above do not guarantee data reception on both rising and falling edges. 

3. Not all slave devices will accept this duty cycle range. Refer to the timing for the specific slave devices the master will 
interface with. 

4. SCL may be 514.7 KHz (instantaneous) for 1.544 MHz system clocks. However, not all slave devices will accept this. 
Refer to the timing for the specific slave devices the master will interface with. SCL must have 64 pulses per SDIR cycle in 
any case. 
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iATC 29C48 
FEATURE CONTROL COMBO 



■ External and User Programmable ■ Programmable jn/A-Law Select 
Transmit and Receive Gain , Secondary Analog Input Channel 

■ Programmable External Hybrid Balance , low Power Consumption 
Network Select 

^, ^ , ^, , ^ ■ External Tone Injection to Receive Path 

■ Programmable Analog, Digital, and 

Subscriber Loopback ■ SLD A/B Channel Select (for 16 

Channel Line Cards) 

The Intel IATC 29C48 Feature Control Combo is a low cost, user-programmable, fully integrated PCM Codec 
with transmit/receive filters fabricated in a CMOS technology. This technology is built on CHMOS and will 
allow the 29C48 to realize the same excellent transmission performance as in the Intel 2913/2914 combo 
while achieving the low power consumption typical of CMOS circuits. 

The 29C48 supports the analog subscriber with a variety of added per-line features to the normal BORSCHT 
functions associated with the analog line circuit. Some of these features include secondary analog input 
channel, programmable transmit and receive gain, custom hybrid balancing network selection, and program- 
mable II or A-law conversions. Additionally, the 29C48 can operate on either the A or B channel of the SLD 
interface, allowing two combos to be connected to one SLD link. In order to facilitate the SLIC interface in this 
configuration, the 29C48 generates SLIC chip select signals for the proper routing of signaling information. 

A unique feature of the 29C48 is programmable tone injection. This feature and its SLD interface makes it 
particularly easy to use in conjunction with Intel's advanced tranceivers, such as the iATC 29C53AA, in 
subscriber equipment environments. The 29C53AA handles transfer of voice and feature control information 
to the 29C48. 
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Figure 2. Block Diagram 



5-6 



inteT 




i ATC 29C48 




Table 1. Pin Names 


VFX 


Analog input 


SCL 


Subscriber Clock 


VFR 


Analog Output 


SLD 


Subscriber Data Link 


GNDD 


Digital Ground 


SDIR 


Subscriber Direction 


GNDA 


Analog Ground 


TG1,TG2 


Transmit Gain Adjust 


VCC 


Power ( + 5V) 


EBN1/2 


External Balance Network 








Selection Inputs 


VBB 


Power (-5V) 


EBN3/TI 


External Balance Network 








Selection Input Or Tone 








Injection 


B/A 


Channel Selection 


EBN 


External Balance Input 


SCS 


SLIC Chip Select 


SAI 


Secondary Analog Input 



Table 2. Pin Description 



Symbol 


Function 


VCC 


Most positive supply; input voltage is + 5V ± 5%. 


VBB 


Most negative supply; input voltage is -5V ±5%. 


GNDA 


Analog ground return line. Not internally connected to GNDD. 


GNDD 


Digital ground return line. Not internally connected to GNDA. 


VFX 


Analog voice input to transmit channel. Input impedance is typically larger than 100 KH. 


TG1 


Inverting input to transmit gain adjusting op-amp. Feedback point for external gain adjusting 
resistor network or frequency compensation network. Input impedance is typically larger than 
10 MH. 


TG2 


Output of the transmit gain adjusting op-amp. Will drive external gain adjusting resistor network as 
well as frequency compensation network with an impedance of at least 10 Kfl. 


VFR 


Receive voice output. Capable of directly driving transformer hybrids or impedance loads of 600 ft. 


CD IN 


Input to the hybrid balancing circuit. Input impedance is typically larger than 10 Mil. 


FRN1 


Inmit /^rtnnoot/aH o nrrtiinHoH eiA/it^h Tho eiA/itoh'o f\n rocictsn^o ic n^t nrootor than ftHO O 
IlipUl LrUl If IC/UIUU lU ct yiUUilUt^U oWllOII. l Ilc oWllUll o Uil ic^ololai Iv/C to lIUl yicalcl lildil OUU AL. 


EBN2 


Input connected to a grounded switch. The switch's on resistance is not greater than 600 ft. 


EBN3/T1 


This pin is multiplexed according to the feature control registers. When programmed to be EBN3, it 
is an input connected to a grounded switch. The switch's on resistance is not greater than 600 n. If 
this pin is programmed to be Tl, an analog signal applied on this pin will be added to the received 
voice signal before the receive power amplifier. 


SCL 


Subscriber clock. This is an input which should be 512 KHz with a duty cycle ranging from 25% to 
75%. Input will accept TTL levels. 


SDIR 


Subscriber direction signal and frame sync input. When high, SLD becomes an input and data is 
received by the 29C48. When low, the output buffer on the 29C48 SLD pin is enabled and data is 
transmitted by the 29C48. Input will accept TTL levels. 


SLD 


Subscriber Line Datalink. A 512 Kbps bi-directional serial data port, which is clocked by SCL. SLD 
becomes a TTL compatible input when SDIR is high and an output capable of driving one TTL load 
when SDIR is low, during the appropriate SLD fields for the assigned channel. 


B/A 


Pin strapped to assign the 29C48 to process either A or B channel information from the SLD bus. A 
low level (GNDD) on this pin selects channel A, a high level (VCC) channel B. 


SCS 


This pin is a TTL compatible output capable of driving one TTL load: when low, it informs a SLIC 
device connected to the same SLD bus as the 29C48 that it can process the receive and transmit 
signaling data of the present SLD frame. 


SAI 


Secondary analog input. 
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FUNCTIONAL DESCRIPTION 

The 29C48 is a combined channel filter and PCM 
codec for use In ISDN subscriber equipment or ana- 
log line Interface circuit boards In digital switching 
systems. 

The 29C48 incorporates features which make it par- 
ticularly suited to subscriber applications. Tone in- 
jection allows easy implementation of DTMF feed- 
back and side tone injection, and secondary analog 
signal input allows remote control and monitoring. 



(See Figure 3 for a typical ISDN subscriber equip- 
ment application.) 

For analog line interface circuit boards this device 
resides between the circuitry which provides the 
"BORSHT" functions for a given line, and the 
shared line board controller. It provides the transmit 
and receive voice-path filtering and companded ana- 
log-to-digital and digital-to-analog conversions nec- 
essary to interface a full duplex voice telephone cir- 
cuit with the PCM highways of a time division multi- 
plexed (TDM) system. (See Figures 4a and 4b for 
typical line card applications.) 



MICROPHONE 



SPEAKER 



SUBSCRIBER EQUIPMENT ' "S" INTERFACE 



SCL 


29CS3AA 


SDIR 


SLD 







Figijre 3. Subscriber Equipment 
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Figure 4a. Analog Line Card with Discrete or Eiectronic Parallel Control SLICs 



5-8 



lATC 29C48 



COMBO (Xl 6) SLD BUS (x8) 



_ B/A 
SELECT 



29C48 
VFX OB 
VFR 



SL07<« 1 

-B/A SELECT 



LINE CARD 
CONTROLLER 




1 

I MP I 



270153-4 



Figure 4b. Analog Line Card with SLD Compatible SLICs 



TRANSMIT AND RECEIVE 
OPERATION 

Transmit Filter 

A low pass anti-aliasing section is included on chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
are required to provide the necessary anti-aliasing 
function for the switched capacitor section of the 
transmit filter. 

The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 
specification and the CCITT G.714 recommenda- 
tion. The 29C48 specifications meet the digital class 
5 central office switching systems requirements. The 
transmit filter transfer characteristics and specifica- 
tions will be within the limits shown in Figure 12. 

A high pass section configuration rejects low fre- 
quency noise from 50 and 60 Hz power lines, 1 7 Hz 
European electric railroads, ringing frequencies and 
their harmonics, and other low frequency noise. The 
transmit filter also provides additional loss at 1 2 KHz 
and 1 6 KHz to support metering pulses. 



Encoding 

The output of the transmit filter or the secondary 
analog input is internally sampled by the encoder 
and held on an internal sample and hold capacitor. 
DC offset is corrected by an on-chip auto zero cir- 
cuit. The signal is then encoded and presented as 
PCM data on the SLD lead. (First or second byte of 
the transmit half-frames depending upon the chan- 
nel assignment of the device.) 



Decoding 

The PCM word received on the SLD lead (first or 
second byte of the receive half-frame, depending 
upon the channel assignment of the device) is sent 
to the decoder after a serial to parallel conversion. 
The decoded value is held on an internal sample 
and hold capacitor. 



Receive Filter 

The receive section of the filter provides a passband 
flatness and stopband rejection which fulfills the 
AT&T D3/D4 specification and the CCITT G.714 
recommendation. It also provides additional loss at 
12 KHz and 16 KHz. The receive filter transfer char- 
acteristics and specifications will be within the limits 
shown in Figure 13. 



GENERAL OPERATION 



External Gain Setting 

Both transmit and receive gain levels can be modi- 
fied by external resistors during line card assembly. 
The value of transmit gain is adjusted by connecting 
resistors RT1 and RT2 (see Figure 5) at the two ex- 
ternal gain setting control pins, TGI and TG2. These 
two pins are the input and output of an on-board 
gain amplifier stage, and the resistors provide the 
necessary input and feedback for gain control. Ex- 
ternal gain of up to 20 dB can be set without degrad- 
ing the performance of the amplifier. The value of 
external gain is given by: 

A = 1 + RT1/RT2 
For unity gain, pins TG1 and TG2 are tied together. 
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For the receive section, the external gain can be set 
by the external resistors, RR1 and RR2. There are 
two possible ways of implementing the gain control. 
The first is illustrated in Figure 6a, where the value of 
the receive gain is given by: 

A = RR2/(RR1 + RR2) 

The value of RR1 + RR2 should not be less than 
600n to avoid degrading the output power stage's 
performance. The second way of implementing the 
receive gain is shown in Figure 6b, where pin EBN3/ 
T1 is used. The value of the receive gain in this con- 
figuration is given by: 

A = 1 + RR1/RR2 



Hybrid Balancing Networl( 

Three external balancing networks can be applied to 
the 29C48 by the user to accommodate varying sub- 
scriber loop characteristics (see Figure 7 for external 
connections). Feature control allows the grounding 
of any combination of these networks in order to 
best suit a particular application. Feature control 
also allows the user to select a gain of 0.0 or +6.0 
dB in the balance signal path to suit the type of SLIC 
used. 



FREQUENCY COIUIPENSATION 

The user may, if desired, compensate for the fre- 
quency response characteristics of the SLIC by ad- 
justing the frequency response of the transmission 
chain. This can be accomplished in the same way as 
the external gain setting is done in the transmit and 
receive directions. But, instead of using purely resis- 
tive impedances, resistor and capacitor networks 
have to be used to achieve complex impedances. 
The two compensation schemes are shown in Fig- 
ures 8a and 8b. The gains in the transmit and re- 
ceive directions are respectively: 

for Figure 8a A = 1 + ZX1/ZX2 

for Figure 8b A = 1 + ZR1/ZR2 



SECONDARY ANALOG INPUT 

Although the main application of the 29C48 will be 
for voice transmission, it also offers a secondary un- 



filtered input channel. Narrow band analog signals 
can be supplied through this channel for remote 
loop testing and various control uses. 

The secondary analog input channel is accessed un- 
der software control through the SAI input. When the 
SAIE bit in the feature control register #3 is set to a 



RT2 
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^VVA/ 1 

TGI 6 TG2 




PROGRAMMABLE 
BALANCE NETWORK 
GAIN (1 OR 2) 



Figure 5. Transmit Gain Setting 



29048 








VFR 




[> 






Figure 6a. Receive Gain Setting 




Figure 6b, Receive Gain Setting 
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Figure 7. Balance Networks 




Figure 8a. Transmit Frequency Compensation 



logical one, the 29C48 will encode and transmit the 
signal present at the SAI input. The 29C48 will 
switch back to transmission of the voice signal as 
soon as the SAIE bit is set back to a logical zero. 



TONE INJECTION 

When specified by the feature control memory, an 
audio frequency signal applied to the EBN3/T1 pin 
will be added to the receive voice signal at the pow- 
er amplifier. This feature allows easy implementation 
of DTMF feedback and side tone injection in ISDN 
telephone applications, as well as injection of call 
waiting or metering tones in line card applications. A 
typical application is shown in Figure 9. Here VFR is 
the combination of the receive voice signal (VO) and 
two tones (V1 and V2). 

VFR = 2V0 - (V1 + V2)/2 



CHANNEL ASSIGNMENT 

Two 29C48S can be attached to the same SLD line 
to exchange information with the SLD master during 
each SLD frame. 

The B/A pin of the 29C48 is used to assign a voice 
channel of the SLD frame to the device. When the 
B/A pin is tied low, the 29C48 operates as an A- 
channel combo, receiving and transnriitting voice 
during the first and fifth bytes of the SLD frame. 
When this pin is tied high, the 29C48 operates as a 
B-channel combo, receiving and transmitting voice 
during the second and sixth bytes of the SLD frame. 




Figure Sb. Receive Frequency Compensation 



Figure 9. External Tone Injection 
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The feature control receive and transmit cliannels of 
the SLD frame are shared by the two 29C48s. A 
29C48 will accept or return feature control informa- 
tion only if it has been instructed to do so during the 
first byte of a feature control frame. This is accom- 
plished by setting the logic level of the channel se- 
lection bit (LSB) in feature_control byte #1 to 'match 
the logic level of the B/A pin of the appropriate 
29C48. The selected 29C48 will keep exchanging 
feature control information until a new framing byte 
makes a new selection. The status of the channel 
selection bit is sent back during the seventh byte of 
the SLD frame in which a 00 was received in the 
F/WE bits of the 3rd byte of the same SLD frame. 

The 29C48 does not process data received in the 
signaling channel. However, it generates chip select 
signals during the appropriate time slots in order to 
facilitate the SLIC interface. (See section on SLIC 
Chip Select.) The 29C48 enters into a high imped- 
ance state during the signaling transmit channel, the 
eighth byte of the SLD frame. 



SLIC Chip Select 

In order to facilitate interfacing to an SLD compatible 
SLIC, especially when two SLICs share the same 
SLD line, the 29C48 includes a programmable chip 
select signal. 

During the receive cycle of the SLD frame, the SCS 
pin of the 29C48 whose channel selection pin (B/A) 
has the sahne logic state as the channel selection bit 
(see previous section on Channel Assignment) is 
pulled low during the receive signaling byte. 

During the transmit cycle of the SLD frame, the SCS 
signal can operate in two mod es. In the first mode, 
called 'byte mode,' the SCS pin of the selected 
29C48 is pulled low during the transmit signaling 
byte, as described above for the receive direction. 

A second mode, called the 'half-byte mode,' is pro- 
vided. In this m ode, during the transmit cycle of the 
SLD frame, the SCS pin of the channel A combo is 
pulled low during the least significant four bits (last 
four bits) of the trans mit signaling byte. During the 
same frame, the SCS pin of the channel B combo is 
pulled low during the most significant four bits (first 
four bits) of the transmit signaling byte. This allows 
signaling data from both A and B channel SLD com- 
patible SLICs to be processed by a line card control- 
ler during the same frame. 

To m inimize power consumption, operation of the 
SCS signal during the receive half of the SLD frame 



can be disabled through the feature control memory. 
Operation of this signal in the transmit direction re- 
mains unaffected to allow continued monitori ng of 
subscriber status by a line card controller . The SCS 
signal remains active in the power down mode. 

The eight possible sequences for SCS are shown in 
Figure 10. 



Precision Voltage References 

Voltage references are generated on-chip and are 
trimmed during the manufacturing process. Separate 
references are supplied for both the transmit and 
receive sections of the chip, each trimmed indepen- 
dently. These references determine the gain and dy- 
namic range of the device and provide the user a 
significant margin for error in other board compo- 
nents. 



SLD Interface 

The 29C48 is intended for use with the 29C53AA 
ISDN transceiver or a SLD compatible Irne card con- 
troller. They manage the transfer of all voice and 
feature control data to and from the Feature Control 
Combo. The interface between the two consists of 
just three leads, two of which are clock signals and 
the third a serial bus for communication. 

The subscriber direction (SDIR) lead provides an 8 
KHz signal which divides each frame into transmit 
and receive halves. During the first half When SDIR 
is high (RCV half-cycle), the 29C48 receives data 
and in the second (XMIT half-cycle) the 29C48 
transmits data. Frame synchronization and all inter- 
nal timing for the digital circuitry is derived from the 
rising edge of the SDIR signal. 

The subscriber clock (SCL) input generated by the 
29C53AA is a fixed 512 KHz clock signal allowing 64 
bits (8 bytes) of data to be transferred on the SLD 
lead during each 125 juts frame. The SCL duty cycle 
can range from 25% to 75%. 

The Subscriber Line Datalink (SLD) is a bi-direction- 
al serial bus that transfers four bytes of serial data to 
and from the 29C48 each frame. During the first half 
of each frame, RCV channel information is expected 
by the 29C48 as one byte consisting of voice and 
one byte of feature control information, while the 
other two bytes of the RCV half-frame are simply 
ignored. Simllariy, during the second half-frame, one 
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byte of voice and, if so instructed, one byte of fea- 
ture control information is sent by the 29C48. The 
29C48 places its SLD lead in a high impedance state 
while the other device connected to the SLD line 
transmits its own information, and also while the one 
byte of signaling information is transmitted by an 
SLD compatible SLIC. The most significant bit (bit 7) 
of each byte is sent first on the SLD line. The data 
format of an SLD frame Is shown in Figure 1 1 . 

Upon power supply application, feature control read 
or write of the 29C48 is disabled for 9 SLD frames. 



During this time, the 29 C48 r esets and enters the 
power down mode. The SCS output remains high 
until the 29C48 has been configured as an A or B 
channel device by the first write to feature control 
byte #1. 



PROGRAMMABLE FEATURES 

The 29C48 is configured by a set of five feature con- 
trol bytes (FCB). 



Receive SCS Disabled (See Section on SLiC Chip Select) 

1) A— Channel Selected (See Section on Channel Assignment)/ Byte Mode 

^ RECEIVE HALF FRAME ^.j^i TRANSMIT HALF-FRAME »^ 

ABCSABCS 
A CHANNEL SCS 

1 r 

B-CHANNEL SCS 
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2) B— Channel Selected/Byte Mode 



—RECEIVE HALF-FI 



4- 



- TRANSMIT HALF-FRAME - 



1 r 



3) A— Channel Selected/Half-Byte Mode 



- RECEIVE HALF-FRAME - 



- TRANSMIT HALF-FRAME - 



A-CHANNEL SCS 



B-CHANNEL SCS 



"LJ" 
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4) B— Channel Selected/ Half-Byte Mode 



HALF-FRAME - 



- TRANSMIT HALF-FI 



B-tiHANNEL SCS 



"LJ 



270153-29 



Figure 10. SCS Timing Diagram 
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These bytes of information are stored in internal reg- 
isters which are serially multiplexed to and from the 
SLD interface in the third and seventh byte loca- 
tions. The first twp bits of each byte consist of a 
multiframe synchronization and write enable code. 
The framing bit (bit 7, MSB) establishes the begin- 
ning of a feature control frame when set to a logical 
zero, and increments the feature control counter 
when set to one. The second (bit 6) enables the 
writing to the 29C48 when it is the logical comple- 
ment of the framing bit. In addition to the two header 



bits, feature control byte # 1 also includes a channel 
selection bit (bit 0, LSB). This bit is used to desig- 
nate one of the two 29C48s sharing an SLD link for 
feature control information exchange. (See previous 
section on channel Assignment.) 

When writing new feature control information to the 
29C48, the first byte should contain a framing (F) 
and write enable (WE) header of 01 (F = 0 and 
WE = 1), and an appropriate channel selection bit. 
This designates a new frame of information to trans- 



Receive SCS Enabled 



5) A — Channel Selected (See Section on Channel Assignment)/Byte Mode 



- RECEIVE HALF FRAME - 



4- 



- TRANSMIT HALF FRAME - 



A CHANNEL SCS 



1 r 



B CHANNEL SCS 
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6) B— Channel Selected/Byte Mode 



- TRANSMIT HALF-FRAME - 



B-CHANNEL SCS 



r 



7) A— Channel Selected/Half-Byte Mode 



- RECEIVE HALF-FRAME - 



- TRANSMIT HALF-F 



A-CHANNEL SCS 



■L_r 
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8) B— Channel Selected/Half-Byte Mode 



- RECEIVE HALF-FRAME - 



- TRANSMIT HALF-FRAME - 



A-CHANNEL SCS 



B-CHArmEL SCS 
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Figure 10. SCS Timing Diagram (Continued) 
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Voice A, Voice B: A and 6 channel voice bytes respectively. 

Control: Feature control Information. This information is exchanged with the 29C48 whose channel selection pin matches the channel selection bit 
of the latest framing feature control byte. 

Signaling: Signaling information which controls the subscriber line. The 29C48 enters into a high impedance state during the transmit signaling time 
slot, and generates a chip select signal (see section on SLIC chip select). 

Figure 11. 29C48 SLD Interface 



fer. Thq subsequent bytes should each have F = 1 
to advance the counter, and WE = 0 to enable the 
write operation. 

The SLD master can also request to verify the fea- 
ture control register contents by sending a 00 or 1 1 
at the beginning of the byte to be read. To read the 
first byte, a 00 F/WE code and an appropriate chan- 
nel selection bit should be sent while each subse- 
quent byte should have a 1 1 header. An internal six- 
stage counter is set on the first byte verified then 
incremented once each 125 jus frame. It is reset 
only upon detection of a 01 or 00 F/WE. Once the 
counter is greater than five, neither read nor write 
modes may be selected by sending the 29C48 a 1 1 
or 10 framing and write enable code. While in this 
state, the 29C48 will then echo in byte 7 the data it 
received in byte 3. Another feature cdntrol informa- 
tion exchange cycle can only be initiated by estab- 
lishing a new feature control frame (sending F = 0). 



FCB # 1— Power Up/Down, Loop Back 
Mode, juiA/-Law, Channel Select 
Register 

POWER UP AND DOWN 

The 29C48 can be instructed to go into the power 
down or standby mode for reduced power consump- 
tion. In this mode, all analog inputs and outputs are 



placed in a high impedance state, inhibiting voice 
signals. A code of all ones will be output in the voice 
byte on the SLD. Signaling and feature control infor- 
mation will continue to be processed to allow the 
29C48 to be read or reprogrammed. 

The state of the feature control combo can be 
changed from standby to active by the first feature 
control byte only. All other register contents will be 
preserved during power down provided the power 
supplies remain connected. 



LOOP BACK MODE SELECT 

Three modes of remote testing are incorporated in 
the 29C48 and can be selected by appropriate cod- 
ing in this register. The loopback features allow a 
number of tests to be performed to determine line 
quality and balancing. These include digital loop 
back, analog loop back, and subscriber loop back. 

In the digital loopback mode, the combo retransmits 
the PCM word it receives in the voice A or B byte of 
the SLD back to the SLD master in the same frame. 
This feature allows path verification and testing of 
the circuit up to the combo. 

When the analog loopback mode Is selected, the 
analog output VFR is internally connected to the an- 
alog input VFX. This feature allows functional testing 
of the combo as well as gain adjustment. 
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tive programming of this register. A range from 0 to 
- 1 5.5 in 0.5 dB increments can be set for the re- 
ceive channel. 





Bit Numbar 


no change 
write enable 


BltNam< 
#7 6 

1 1 
10 


'1 

WE/ 


Gain(dB) 


#12345 




0 
-0.5 
-1.0 
-1.5 


00000 
00001 
00010 
00011 


RGN1 
RGN2 ( 
RGN3 / 
RGN4 i 
RGN5/ 


-15.0 
-15.5 


11110 
11111 
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In the third test mode, subscriber loopback, the digi- 
tal output of the A/D converter is internally connect- 
ed to the input of the D/A converter. The analog 
signal input to VFX is sent through the transmit filter, 
encoded, then decoded, filtered and output to VFR. 
This mode is used primarily for simplifying analog to 
analog testing from the subscriber side of the line 
card. Simultaneous selection of more than one loop- 
back mode is prohibited. 



CONVERSION LAWS 

The 29C48 can be selected for either jn-law or A-law 
operation. A user can select either conversion law 
by assigning the corresponding bit. A logical 1 in bit 
1 would select jn-law while a logical 0 would select 
A-law conversions. Both conversions follow CCITT 
recommendation G.71 1 . 



FEATURE CONTROL EXCHANGE 
CHANNEL SELECT 

The LSB of feature control byte # 1 is the channel 
selection bit. It is used to select one of the two 
29C48S sharing an SLD line for feature control infor- 
mation exchange. A logical zero will select the chan- 
nel A combo, and a logical one will select the chan- 
nel B combo. 



FCB #2— Receive Programmable Gain 
Register 

The receive gain levels can be adjusted by applying 
external resistors as mentioned earlier, or by selec- 



FCB #3— Secondary Analog Channel, 
Chip Select, and Tone Injection 
Register 

SECONDARY ANALOG INPUT 

The 29C48 can be instructed to switch the input of 
its encoder to the secondary analog input by setting 
the SAIE bit to a logical one. Transmission of the 
voice signal will resume as soon as SAIE is set back 
to a logical zero. 



PROGRAMMABLE SLIC CHIP SELECT 

Although the 29C48 does not process signaling in- 
formation, it generates chip select signals in order to 
help in interfacing to SLD compatible SLICs. 

During the transmit half-frame, the chip select works 
in two possible mod es de termined by the CSM bit. In 
the byte mode, the SCS prn of the 29C48 selected 
by the channel selection bit in feature control byte 
#1 will be pulled low during the tran smit signaling 
byte. In the half-byte mode, the SCS pin of the A- 
channel 29C48. will be pulled low during the four 
least significant bits of the transmit signaling byte, 
and the SCS pin of the B-channel 29C48 will be 
pulled low during the four most significant bits oi the 
transmit signaling byte. 

Generation of chip select signals during the receive 
half frame can be disabled by setting the CSD bit to 
a logical zero. 
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TONE INJECTION 

When the TIE bit is set to a logical one, audio signal 
applied at the EBN3/T1 pin will be added to the out- 
put of the receive programmable gain module. This 
feature can be used for easy implementation of side 
tone injection and DTMF feedback, as well as injec- 
tion at the line card of call waiting tones, ringing or 
metering pulses. 



MSB LSB 
BIT NUMBER — ^ | 7|6|5|4|3|2|l| 0 | 
BIT NAME —1 

_#76_ \ 



NO CHANGE 
WRITE ENABLE 



1 1 
1 0 



^E J - 



SECONDARY ANALOG INPUT 
DISABLED 0 
ENABLED 1 



SCS MODE 

BYTE 
HALF- BYTE 

SCS DISABLE RECEIVE 
SCS ENABLE RECEIVE 

EBN3 PIN ENABLED 
Tl PIN ENABLED 

RESERVED - 

DON'T CARE - 
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FCB #4— Transmit Programmable 
Gain Register 

The gain setting of the transmit section of the chip 
operates in the same manner as the receive gain 
register. A 12 dB range from 0.0 dB to +12.0 dB in 
0.5 dB increments is available. 



Bit NumlMir 
Bit 



1 



+ 12.0 
+ 11.S 
+ 11.0 
+ 10.5 



+ 0.0 
+ 0.0 



00000 XGN1 

00001 XQN2 I 

00010 XGN3 

00011 XGN4 < 
XQN5 , 



11000 
11 XXX 



FCB #5— Balance Networic Select and 
Gain Register 

BALANCE NETWORKS 

Three external balance networks can be used with 
the 29C48. Feature control allows the selection of 
network EBN1, EBN2, and EBN3 individually or in 
combination in order to best suit a particular applica- 
tion. 

EBN3 selection is not effective when TIE is set to a 
logical one. 



GAIN SETTING 

An additional 6 dB gain in the balance signal path 
can be realized by setting the BNQ bit to a logical 
one. A logical zero provides unity gain. 



Bit Number -*-|7|6|5|4|3|2|l 
Bit Name 



1 



no change 1 1 
write enable 1 0 



WE / — 



Balance Network 
disabled 
enabled 



no 



0 
1 

43 2 
000 

EBN1/3 selected 0 0 1 
EBN3 selected 0 1 0 
EBN1 selected 0 1 1 
EBN2 selected 1 0 0 
EBN1/2/3 selected 1 0 1 
EBN2/3 selected 1 1 0 
EBN1/2 selected 1 1 1 



Balance Network Gain 



OdB gain 0 
6dB gain 1 
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ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias - 10''C to + SS'^C 

Storage Temperature - 65°C to + 1 50°C 

Ail input and Output Voltages 

with Respect to Vbb • • - 0.3V to 1 3V 

All Input and Output Voltages 

with Respect to Vcc - 1 3 V to 0.3V 

Power Dissipation 1 .35W 

D.C. CHARACTERISTICS 

Ta = 0"C to +70**C, Vcc = +5V ±5%, Vbb = - 
OV, GNDA = OV. Typical values are for Ta = 25'*C 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opeta- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

±5%; SCL (50% duty). SDIR, SLD applied GNDD = 
j nominal power supply values 



DIGITAL INTERFACE 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


l|L 


input Leakage Current 






±10 


ju,A 


0 ^ V|n ^ Vcc 


V|L 


input Low Voltage 


-0.3 




0.8 


V 




V|H 


input Higli Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


lOL ^ -1.6 mA, 1 TTLLoad 


VOH 


Output High Voltage 


2.4 






V 


loH ^ 50 jitA, 1 TTL Load 



POWER DISSIPATION 



Symbol 


Parameter 


MIn 


Typ 


Max 


Units 


Test Conditions 


icci 


Vcc Operating Current 




7.5 


10 


mA 


Idle Channel 


Ibbi 


Vbb Operating Current 




7.0 


10 


mA 


Idle Channel 


•ceo 


Vcc Standby Current 




0.6 


1.0 


mA 




'bbo 


Vbb Standby Current 




0.3 


0.6 


mA 





A C. CHARACTERISTICS— TRANSMISSION PARAMETERS 

(TGI = TG2, Transmit Programmable Gain = 6 dB. Receive Programmable Gain = 0 dB) 



GAIN AND DYNAMIC RANGE 



Symbol 


Parameter 


MIn 


Typ 


Max 


Units 


Test Conditions 


EmW 


Encoder Milliwatt Response 
Tolerance 






±0.25 


dB 


Signal Input of 0 dBmO 
f = 1.02 KHz 


DmW 


Digital Milliwatt Response 
Tolerance 






±0.25 


dB 


f = 1.02 KHz 


DmWjt,v 


Digital Milliwatt Response VFR, 
ja-law 




6.11 
1.564 




dBm 
Vrms 


Rl = 600ft 
f = 1.02 KHz 


DmWAv 


Digital Milliwatt Response VFR, 
A-law 




6.17 
1.576 




dBm 
Vrms 


Rl == 60on 

f = 1.02 KHz 


OTLP^X 


Zero Transmission Level Point 
Transmit Channel (0 dBmO) 




0.09 
0.783 




dBm 
Vrms 


jut-law, Referenced to 600n 


OTLPax 


Zero Transmission Level Point 
Transmit Channel (0 dBmO) 




0.15 
0.788 




dBm 
Vrms 


A-law, Referenced to 600n 


AGp 


Programmable Gain Accuracy 






±0.20 


dB 


f = 1.02 KHz for All Steps 
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GAIN TRACKING 



Reference level = 0 dBmO at 1.02 KHz, TGI = TG2, Transmit Programmable Gain = 6 dB, 
Receive Programmable Gain = 0 dB, AT&T PUB 43801 and CCITT G.71 4— Method 2 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


gtt 


Transmit Gain Tracking Error 
Sinusoidal Input; jn or A-law 






±0.25 
±0.50 
±1.2 


dB 
dB 
dB 


+ 3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 


GTr 


Receive Gain Tracking Error 
Sinusoidal Input; jm or A-law 






±0.25 
±0.50 
±1.2 


dB 
dB 
dB 


+ 3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 


ANALOG INTERFACE, RECEIVE CHANNEL 




Output Resistance, VFR 




1 








V0SR1 


Output Offset, VFR 




50 




mV 


Relative to GNDA 




Load Capacitance, VFR 






100 


PF 




V0R1 


Max Output Voltage Swing 
Across Rl, VFR 




±3.2 




Vp 


Rl ^ 600 n(i) 


ANALOG INTERFACE, TRANSMIT PRIMARY AND SECONDARY CHANNELS 


'bx 


Input Leakage Current, EBN, 
TG1,TI 






100 


nA 


Operating 
Range(2) 


Rixi 


Input Resistance, VFX 




100 




KH 


R|X2 


Input Resistance, EBN, TGI, Tl 




10 




MH 


TGmax 


Max Transmit Gain Adjust 






20 


dB 




VoTG 


Max Output Voltage Swing TG2 






±1.6 


V 


Rl^ 1 ok 11(3) 


Clx 


Load Capacitance, TG2 






20 


pF 




Rlx 


Load Resistance, TG2 


10 






m 




Rqnd 


On Resistance to GNDA, EBN1, 
EBN2, EBN3 




150 


600 


n 





NOTES: 

1. The 29C48 power amplifier is designed to drive signals in excess of the maximum encoding level, which is 3.14 dBmO for 
A-Law and 3.17 dBmO for ju-Law. 

2. -3.2V < VFX, EBN, Tl < +3.2V; -1.6V < TGI < +1.6V. 

3. Transmit programmable gain must be set to 0 dB to encode this level without clipping in later stages. 
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DISTORTION (Primary Channel) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


oUx 
SDr 


Signal to Distortion, jut or A-law 
Sinusoidal Input; CCITT G.714— 
Method 2 Half Channel 


00 
29 
25 






UD 

dB 
dB 


u to ou ubmu 
-30 to -40 dBmO 
-40to-45dBmO 


DPx 
DPr 


Single Frequency Distortion 
Products in Band (2nd or 3rd 
Harmonic Half Channel) 




-60 


-47 


dBmO 


Input = 1.02 KHz OdBmO 
AT&T Advisory #64 (3.8) 


IMD1 


Intermodulation Distortion, End to 
End Measurement 






-35 


dB 


CCITT G.71 2(7.1) 


IMD2 


Intermodulation Distortion, End to 
End Measurement 






-49 


dBmO 


CCITT G.71 2(7.2) 


SOS 


Spurious Out of Band Signals, 
End to End Measurement 






-25 


dBmO 


CCITT G.71 2(6.1) 


QIC 


Spurious in Band Signals, End to 
End Measurement 






— 4U 


abmu 






Transmit Absolute Group Delay 








JUS 


u abmu, 1 .4 r\nz 

Includes Delay Through A/D 


Ddx 


Transmit Differential 
Delay; Relative to DAX 




170 
95 

75 




jixs 

jllS 
jixS 

JLlS 


f== 500-600 Hz 
f= 600-1000 Hz 
f = innn— 9finn h-7 

1 — \\J\J\J'-'C.\J\J\J \ i£. 

f = 2600-2800 Hz 


Dar 


Receive Absolute Group Delay 




140 




JUS 


0 dBmO, 0.3 KHz 

Includes Delay Through D/A 


Ddr 


Receive Differential Envelope 
Delay; Relative to DAR 




35 
35 
110 
135 




jitS 
fJlS 
JUS 
jLtS 


f= 500-600 Hz 
f= 600-1000 Hz 
f = 1000-2600 Hz 
f = 2600-2800 Hz 



NOISE (Primary Channel) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


NxCI 


Transmit Noise, C-Message 
Weighted 






15 


dBrnCO 


TGI = TG2; Transmit 
Programmable Gain = 6 dB 


NxP1 


Transmit Noise, Psophometrically 
Weighted 






-75 


dBmOp 


TGI = TG2; transmit 
Programrfiable Gain = 6 dB 


Nrci 


Receive Noise, C-Message 
Weighted 






11 


dBrnCO 


Unity Gain; Idle Code; 
Receive Programmable 
Gain = 0 dB 


Nrpi 


Receive Noise, Psophometrically 
Weighted 






-79 


dBmOp 


Unity Gain; Idle Code; 
Receive Programmable 
Gain = 0 dB 


PSRR1 


VCC orVBB 

Power Supply Rejection 

Transmit Channel 






-30 


dB 


Idle Channel; 200 mV P-P 
Signal on Supply, 
DC to 50 KHz (1) 


PSRR2 


VCC orVBB 

Power Supply Rejection 

Receive Channel 






-30 


dB 


Idle Channel; 200 mV P-P 
Signal on Supply, 
DC to 50 KHz (1) 



NOTE: 

1. Measured at SLD Voice bytes for transmit channel. l\/leasured at Vpp for receive channel. Idle code on feature control 
byte. 
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CROSSTALK 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


CTtr 


Crosstalk, Transmit Voice to 
Receive Voice 




-90 


-75 


dB 


Input = 0 dBmO, Unity Gain 
1.02 kHz; Idle Code on SLD 
Voice Byte 


CTrt 


Crosstalk, Receive Voice to 
Transmit Voice 




-80 


-72 


dB 


OdBmO, 1.02 KHz Signal at 
SLD Receive Voice Byte; 
VFX = GNDA 



TRANSiy/IIT VOiCE FREQUENCY CHARACTER iSTiCS 

TGI = TG2, Transmit Programmable Gain = 6 dB 



Symboi 


Parameter 


ly^in 


Typ 


Max 


Units 


Test Conditions 


Grx 


Gain Relative to Gain at 1 .02 KHz 










0 dBmO Signal Input at VFX 




16.67 Hz 






-30 


dB 






50 Hz 






-25 


dB 






60 Hz 






-23 


dB 






200 Hz 


-1.8 




-0.125 


dB 






300 to 3000 Hz 


-0.125 




+ 0.125 


dB 






3300 Hz 


-0.35 




+ 0.03 


dB 






3400 Hz 


-0.70 




-0.10 


dB 






4000 Hz 






-14 


dB 






4600 Hz and Above 






-32 


dB 






-1.8dB , 

200 Hz p^-" 




10 KHz 
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Figure 12. Transmit Voice Frequency Cliaracteristics 
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RECEIVE VOICE FREQUENCY CHARACTERISTICS 

Receive Programmable Gain = 0 dB, Feature Control Bit TIE = 0 



Svmbol 


Parameter 


MIn 




Max 


Units 


Test Conditions 


^RR 


Gain Relative to Gain at 1 02 KH? 










0 dBmO Inout on SLD 




Below 200 Hz 






+ 0.125 


dB 






200 Hz 


-0.5 




+ 0.125 


dB 






300 to 3000 Hz 


-0.125 




+ 0.125 


dB 






3300 Hz 


-0.35 




+ 0.03 


dB 






3400 Hz 


-0.70 




-0.1 


dB 






4000 Hz 






-14 


dB 






4600 Hz & Above 






-30 


dB 





EXPANDED 
SCALE 



+0.125dB -l-O.IZSdl 
200 Hz 300 Hz 

<'/ ^ f ^ <'<'<'<'<' ^ <' ^ / c / n 



+0.125dB 
3000 Hz 



/3300> 



-0.50 dB 
200 Hz 



r-0 125dB \ -0.1 25 d 

t'C 300 Hz \ 3000 Hz ' W -0.35 dB 

\ TYPICAL \ 3300 Hz 

-0.70 dB / 
3400 Hz 



OdB 
3400 Hz 



100 Hz 



"~1 1 TT] 

1 KHz 



^ -14dB 
4000 Hz 



/ -30 dB 
4600 Hz , 



//////// 



10 KHz 
270153-22 



NOTES: 

1 . Typical transfer function of the receive filter as a separate component. 

2. Typical transfer function of the receive filter driven by the sample and hold output of the Intel 291 OA and 2911 A 
codecs. The combined filter/codec response meets the stated specifications. 



Figure 13. Receive Voice Frequency Characteristics 
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A.C. CHARACTERISTICS— TIMING PARAMETERS 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


^SCL 


OOL- rUloC VVIUIM 


too 




1 fOO 


ns 




Tdc 


^ni niitvCv/riP 

ov/L_ Li/uiy oyulo 






1 o 


% 




Trc 
Tfc 


niot?, 1 dii 1 11 Moo, ooL_ 








ns 




Trd 
Tfd 


Rise, Fall Times, SLD 






50 


ns 




Trs 
Tfs 


Rise, Fall Times, SCS 






50 


ns 


50 pF Load 


TdIRR 


SCL to SDIR Delay 


-500 




500 


ns 


Receive Cycle 


TdIRF 


SCLto SDIR Delay 


-500 




500 


ns 


Transmit Cycle 


Tdd 










ns 


OQC^AfK Trancmittinn 
£.s3Kj^o I laiioiiiiiiii ly 


TsD 


Set-up Time, SLD to SCL 


100 






ns 


29C48 Receiving 


ThD 


Hold Time, SCLto SLD 


100 






ns 


29C48 Receiving 


Thzi 


SDIR to SLD Active 


0 




100 


ns 


Byte 1, Bit 1 29C48 
Transmitting, Channel A 


ThZ2 


SCL to SLD High Impedance 


0 




100 


ns 


Channel A, B, or Feature 
Control as Appropriate 
fChannel A/B Ooeration^ 


ThZ3 


SCL to SLD Active 


0 




100 


ns 


Channel A, B, or Feature 
Control, as Appropriate 
(Channel A/B Operation) 


TSCSF 


SCL to SCS Low 


TFS 




250 


ns 


50 pF Load 


Thzscsf 


SLD High Impedance 
to SCS Low 


0 






ns 


Transmit Feature Control 


TSCSR 


SCL to SCS High 


TRS 




200 


ns 


50 pF Load 



*ln cases where Tqirf is positive, Tqd is to be measured from the SDIR edge. 



RECEIVE CYCLE 



SOL tRO- 



SDIR 




SCS (A OR B) 



>- 

•*-tSCSR 
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TRANSMIT CYCLE 



-H — tOIRF 



SOIR 

SLO (A) 

SLO (B) 
SCS (A OR B) 



tHZI" 

^1- 



tDD 
tHZ3 



k- tscsF*" r" 

— ♦-tHZSCSF 



tRS 
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A.C. TESTING INPUT, OUTPUT WAVEFORM 



0.45 



X2.0 2.0 
^TESTPOIN' 
if 



NTS<:^ 



XI 



A.C. Testing inputs are driven at 2.4 for a logic "1" and 0.45 for a 
logic "0". Timing measurements are made at 2.0V for a logic "1" 
and 0.8V for a logic "0". 
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iATC 29C53AA 
DIGITAL LOOP CONTROLLER 

■ 4-Wire Full Duplex Digital Transceiver 

■ CCITT 1.430 "S" Interface Compatible 

■ ISDN Basic Rate 144K Bit Per Second 

■ D-Channel Processing Support 

■ Polnt-To-Point or Point-To-Multipoint 
Bus Configuration 

■ Same Device Used at Botli Ends of 
Loop 



The Intel Advanced Telecommunication Component (iATC) 29C53AA Digital Loop Controller (DLC) is a 4-wire 
transceiver/controller that Is CCITT 1.430 compatible and can function at either loop end. This part has 
integrated those features which are pertinent to the transceiver function and offers efficient interfacing to other 
system components such as CODEC/Filters and microcontrollers through the SLD and microprocessor inter- 
face ports. It is primarily intended for use in Integrated Services Digital Networks (ISDN) as a basic rate digital 
data transceiver which transfers data at 144 Kbps as three separate channels—two 64 Kbps digitized-voice/ 
data channels (B channels), and a 1 6 Kbps signaling/data channel (D channel). The B- and D-channel routing 
along with D-channel processing (packet framing) is programmable through either the microprocessor or SLD 
interface ports. The 29C53AA's loop interface uses a 100% pulse-width pseudo-ternary line code which meets 
CCITT's "S" interface recommendations. It is capable of interfacing with up to eight 29C53AAs in a passive or 
extended bus configuration as well as point-to-point. 




■ Exceeds IK Meter Range 

■ IATC Standard SLD Interface 

■ MCS® Standard Microprocessor 
Interface 

■ Periplieral Interface/Status Port 

■ Low Power, High Density CHMOS 

■ Single + 5 Volt Supply 



Plastic Chip Carrier 
350 X 550 MILS 



OS 



.SLD_ADO 
INT AD1 



SCLC 


. ... 
4 


2 1 28 27 

26 


SDIRC 


5 


25 


ALEC 


6 


24 


RESC 


7 


23 


vccc 


8 


N29C53AA 22 


WR C 


9 


21 


RDC 


10 


20 


P4C 


11 


19 


P3C 


12 

13 


18 

14 15 16 17 



u u u u u 

LX+ LR- P2 
LX- LR+ 



28-Lead Dual-ln-Line Pacloge 



INTC 


1 




28 


□ ADO 


SLDC 


2 




27 


□ AD1 


CSC 


3 




26 


□ AD2 


SCLC 


4 




25 


□ AD3 


SDIRC 


5 




24 


□ AD4 


ALEC 


6 




23 


□ CLK 


RESC 
vccc 


7 
8 


P29C53AA 


22 
21 


□ vss 

□ AD5 


WRC 


9 




20 


□ AD6 


RDC 


10 




19 


□ AD7 


P4C 


11 




18 


□ PI 


P3C 


12 




17 


□ P2 


LX+C 


13 




16 


□ LR+ 


LX-C 


14 




15 


□ LR- 
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Figure 1. 29C53AA Pin Configurations 
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Symbol 


Pin No. 


Function 


Vrr 


8 


POSITIVE SUPPLY: Input voltage is + 5V ± 5%. 


Vss 


22 


GROUND: OV 


CLK 


23 


MASTER CLOCK: The 3.84 MHz system clock input is the reference for the 
loop and the SLD interface. 


— 

R6S 


1 


KCidc 1 : ^Mciive nign inpuij. a nign levei on inis pin iniiiaiizes coniroi registers 
and places interface outputs in a high impedance state. Operation begins after 
the high level is removed. 


LX+,LX- 


13,14 


POLARIZED TRANSMIT LOOP INTERFACE PINS: These pins will directly 
drive the twisted pair line through a pulse transformer. The transmitted line 
code is 1 00% pulse width pseudo-ternary. 


LR-.LR + 


15, 16 


RECEIVE LOOP INTERFACE PINS: The receiver is not sensitive to polarity. 


SLD 


2 


SUBSCRIBER LINE DATALINK: This pin transfers serial data between the 
^auooMM ana oiner olu oaseu componenis ^e.g., <cs7U4o;. 


SCL 


4 


SUBSCRIBER CLOCK: 512 KHz signal may be either generated or received by 
the 29C53AA. This signal clocks the data on the SLD pin. 


SDIR 


5 


SUBSCRIBER DIRECTION: An 8 KHz signal may be either generated or 
received by the 29C53AA to indicate SLD data direction and framing. A high 
level indicates master to slave transfer; a low level indicates slave to master 
transfers. 


CS 


3 


CHIP SELECT: (Active low input). A low level on this pin enables the 29C53AA 
bus interface for the next bus cycle. The value is latched by the falling edge of 

ALt. 


RD 


10 


READ STROBE: (Active low input). When low, data is transferred from the 
selected register to the data pins AD (0-7). When no local microprocessor is 
connected, this pin should be tied to Vss- 


WR 


9 


WRITE STROBE: (Active low input). When WR changes from low to high, data 
on pins AD (0-7) is latched into the 29C53AA. When no local microprocessor 
is connected, this pin should be tied to Vss- 


AD (0-7) 


19-21, 

0/1 OQ 


ADDRESS/DATA PINS: This is a standard MCS microprocessor bus used to 
iransier aooress ana aaxa uetween ine locai microprocessor ana ine iniernai 
registers of the 29C53AA. When a local microprocessor is not used, these pins 
should be tied to Vss- 


ALE 


6 


ADDRESS LATCH ENABLE: Address is latched from AD(1 -5) on failing edge 
of this signal. State of CS is also latched at this time. 


InT 


1 


INTERRUPT REQUEST: This is an open drain active low output. (See text for 
the interrupt conditions.) 


P1,P2 


18, 17 


PERIPHERAL INTERFACE INPUTS: These are standard CHMOS high 
impedance inputs that are sampled at a 4 KHz rate (once per "s" frame). The 
sampled data is stored in the LPS register (bits 5 and 6). If any peripheral input 
bits have changed value since the previous frame, an interrupt condition is 
indicated; only present status is available. 


P3 


12 


PERIPHERAL INTERFACE INPUT/OUTPUT PIN: When configured as an 
input, this pin has the same characteristics as P1 and P2. The sampled data is 
stored in the LPS register (bit 7). When programmed as an output, this pin 
outputs the data stored in the PEC register (bit 1). The pin is configured by bit 2 
of the PEC register. An alternate function of this pin and P4 is to Indicate the 
status of the SLD interface. See the section on the SLD interface. 


P4 


11 


PERIPHERAL INTERFACE OUTPUT PIN: This pin outputs data stored in the 
PEC register (bit 0) or SLD status. 



5-26 



OUTPUT 


< 


DRIVER 





XMIT FORMAHER 
AND TIMING 



ANALOG 
REF. 



LR+ - 
LR- • 



FILTER 
AND 
DETECTORS 



LINE 
INTERFACE 
UNIT 



E-CHANNEL 



REC. FORMATTER 
AND TIMING 



LOOP DELAY 
COMPENSATION 



CONTROLS 
AND STATUS 



SLD STATUS 

AND 
PERIPHERAL 
INTERFACE 



D- CHANNEL PROCESSOR 




SBUS 



XMI1 
HDL 
A 


r AND 1 
C MAC^ 
ND FIF( 


?EC 
ilNE 
) 




i 

r 




XMIT AND REC 
CONTROL STATUS 



PBUS 



IT 



INTERFACE 




RBUS 
XFER 
TIMING 
CONTROL 



iATC29C53AA 



[pi^iyiMiDMv 



1.0 INTRODUCTION 

The 29C53AA Digital Loop Controller is an ad- 
vanced, programmable digital transceiver providing 
the layer one interface at the S or T reference point 
in Integrated Services Digital Network (ISDN) basic 
access applications. It provides access to the two B 
channels and the D channel in accordance with 
CCITT recommendation 1.430, and supports both 
point-to-point and multipoint topologies. It can be 
used in linecard (NT) applications, or with the 29C48 
programmable CODEC/Filter and appropriate data 
communications devices in voice/data subscriber 
(TE) applications. 

The 29C53AA may be incorporated at either end of 
a subscriber loop interface (at the line card or digital 
telephone/terminal). As shown in Figure 2, the 
29C53AA has four separate interfaces: a serial SLD 
system interface; a parallel peripheral interface; a 
parallel microprocessor interface and a 4-wire 
CCITT compatible S-interface (subscriber loop inter- 
face). 



THE BLOCK DIAGRAM 

Figure 2 represents a block diagram of the 
29C53AA. Its three major blocks, the line interface 
unit, the D-channel processor and the SLD interface 
unit are interconnected by two buses. The parallel 
bus (PBUS) is used to transfer processed D-channel 
data and general status and control information, 
while the serial bus (SBUS) is used to transfer 
B-channel data and unprocessed D-channel data 
between the line interface unit and the SLD interface 
unit. 

The SLD interface unit consists of shift registers and 
serial to parallel converters. Data from both the 
SBUS and the SLD interface is stored here in appro- 
priate parallel registers before it is loaded into shift 
registers and passed on. All of the timing circuitry for 
the SLD interface is located here. This block also 
contains a command processor which is responsible 
for executing commands received in the SLD C byte. 

The D-channel processor has three major sectipns. 
An HDLC section performs some of the basic LAPD 
protocol functions such as zero insertion or deletion, 
flag recognition or insertion for frame delineation, 
abort flag recognition, idle state transmission, and 
end of packet frame check sequence for both data 
directions. The FIFO section consists of two 32-byte 
buffers, one for transmit and one for receive. The 
control and status section monitors the FIFO data 
levels and the HDLC section for progress. Interrupts 



or requests for service may be generated for condi- 
tions such as FIFO fullness level, loss of sync, frame 
check error, overflows and aborts. 

The line interface unit contains the line drivers and 
receivers for the S interface. Connection Is made to 
the transmission lines through a pulse transformer. 
Formatting, timing and synchronization are also 
provided here. The receiver includes filters, AGC cir- 
cuitry, threshold detectors and a loop delay shift reg- 
ister. The loop delay shift register maintains the 
proper internal frame relationship regardless of loop 
length (it allows extra propagation delay time for 
long loops or line repeaters). The received D-chan- 
nel bits are logically looped back to create the 
E-channel bits in an NT application through the 
E-channel circuitry. 

The microprocessor interface circuitry allows the 
29C53AA to function as a peripheral to a microcon- 
troller or microprocessor. All internal registers are 
directly accessible. 

The spare bits processing block provides access to 
the FA, N, and A bits. It also provides access to the 
S and M bits, and supports the S and Q channels. 

The peripheral interface circuitry provides an auxilia- 
ry port for controlling auxiliary peripherals such as 
power controllers, etc. It can be programmed to pro- 
vide SLD status as well. 



SLD INTERFACE 

The SLD interface provides communication with oth- 
er devices incorporating SLD interfaces. 

As shown in Figure 3, the SLD interface consists of 
three lines: the SLD bidirectional data line; the 
512 KHz SCL clock line; and the 8 KHz SDIR data 
direction line. SLD data is updated on the rising edge 
of SCL and is latched on its falling edge. The 1 25 jits 
SLD frame period consists of 32 bits transferred in 
master to slave direction followed by 32 bits in the 
slave to master direction. The 32 bits compose four 
8-bit bytes in the following order: B1 and B2 (voice 
or data bytes); C (control byte); and S (signaling or 
status byte). Unprocessed D-channel data may be 
transported over the S-byte in bits 0 and 1 , or over 
the B2 byte. 

The 29C53AA can be operated as an SLD master or 
slave. As an SLD master, it generates the SCL and 
SDIR signals. When SDIR is high, the SLD pin out- 
puts data. As a slave, it receives SCL and SDIR sig- 
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nals and SDIR enables the SLD output driver when it 
is low. The SLD bus is always active; no powered- 
down or inactive mode is defined. 

In a network termination (NT) application (line card), 
whether a microprocessor is connected to the 
29C53AA or not, the SLD control and signaling 
bytes may be used for 29C53AA configuration and 
D-channel transfers. The command bytes are inter- 
preted and executed by the 29C53AA's command 
processor circuit. The command processor gener- 
ates internal PBUS cycles to carry out those com- 
mands. Internal prioritization resolves PBUS colli- 
sions between microprocessor-interface generated 
and command-processor generated cycles. In case 
of collisions, the microprocessor interface has high- 
er priority to minimize access time but both cycles 
will be completed. 



"S" TRANSCEIVER 

The 4-wire "S" transceiver circuit in the 29C53AA 
conforms to CCITT recommendation. 1.430. This 
transceiver provides the internal drivers for trans- 
former coupling to standard telephone type twisted 
pair cables. 

The "S" transceiver line code is 100% pulse width 
pseudo-ternary code, with binary ones represented 
by no line signal, and binary zeros by a positive or 
negative pulse. Pulses alternate polarity except 
when a code violation is created for establishing the 
frame reference timing. The nominal pulse amplitude 
is 750 mV when a suitable pulse transformer is used. 

The 29C53AA transmitter is typically connected to 
the line through a pulse transformer and series 



resistance (see Figure 12). The series resistance, 
when used with protection diodes, provides addition- 
al protection against surges. It also increases the 
output impedance. 

The nominal bit rate is 1 92 Kbps. Figure 4 shows the 
frame structure. The 250 jus frame transfers two oc- 
tets of B1, B2 and four bits of D data. The E bits in 
the master to slave direction echo received D-chan- 
nel data. The "S" interface slave compares the re- 
ceive E-channel data to its transmitted D-channel 
data for D-channel contention as defined in CCITT 
recommendation 1.430. If these bits do not agree, 
then the slave will abort its transmission effort. The 
S, M, FA, A, and N bits are all accessible and pro- 
grammable. The 29C53AA supports the layer 1 
maintenance multiframing for the Q and S channels. 

The activation protocol described in 1.430 is support- 
ed by the 29C53AA. An inactive receiver can 
achieve bit synchronization to an incoming signal 
with approximately 15 mark-mark transitions. Info 2 
or 3 frame alignment is not officially recognized until 
reception of 16 frames, to allow settling of the 
29C53AA's adaptive receive data thresholds. The 
full activation sequence will complete in approxi- 
mately 10 ms. 

The 29C53AA is not sensitive to the polarity of the 
wire pair connected to LR+ and LR-. Pulses are 
always interpreted as zeros and framing relies on 
violations; not on absolute polarity. System configu- 
rations may dictate that care be taken in connecting 
the LX outputs. In a multi-drop bus configuration all 
TE transmitters must be connected with the same 
polarity so that positive pulse to negative pulse con- 
tention does not take place in the framing and D- 
channel bits. 
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Figure 3. SLD Interface 
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Figure 4. The S-lnterface Frame Structure 



The 29C53AA, functioning as an "S" interface mas- 
ter in a multi-drop application, can interface with up 
to eight slave systems. In this multiplexing operation 
a slave initiates a data transfer to the master, by 
requesting access and transferring the data in ac- 
cordance with the D-channel line access protocol 
(1.440). Figure 5 shows typical applications of the 
29C53AA. 

The frame alignment timing diagram Figure 6(b) 
shows the relationship of the "S" interface dkta to 
the SLD data. Figure 6(a) shows the block diagram 
used for the timing diagram. The top timing diagram 
of Figure 6(b) shows the transmitted "S" data 
stream from the network terminator (master). The 
dotted lines depict up to 20 ju,s propagation delay to 
the "S" receiver at the terminal equipment (slave) 
end. The terminal equipment's transmitted "S" inter- 
face frame is designed to have a fixed 2-blt frame 
alignment del^y from that of its received frame. The 
adjustment for loop propagation delay is accounted 
for in the network terminator's receive circuitry (loop 
delay section of block diagram). The loop delay cir- 
cuitry will compensate for up to 10 bit periods of 
round trip propagation delay which allows line re- 
peaters to be placed in a loop that is several thou- 
sand meters long. 



MICROPROCESSOR INTERFACE 

This interface is designed to operate with standard 
Intel microprocessors such as the MCS®-48, MCS- 
51, MCS-85 and 8086 families. All of the 29C53AA's 



internal registers are accessible and are available by 
a single microprocessor cycle access. The 
29C53AA latches address information from 
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Figure 5. 29C53AA Bus Configurations 
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Figure 6(a). Frame Alignment (Block Diagram) 



AD1-AD5, and does not use ADO for addressing. 
This provides compatibility witli 16-bit microproces- 
sors. 

The maskable interrupt pin is activated by the follow- 
ing interrupt status features: D-channel errors; loss 
of sync on "S" loop; change in spare bits or periph- 
eral interface data; FIFO data transfer requests. 

Alternatively, the 29C53AA can operate in the stand- 
alone mode in line card and NT applications. This 
mode is determined after a reset, provided all the 
microprocessor interface pins have been tied to 
Vss. except for the interrupt pin. The 29C53AA is 
then controlled using the C byte of the SLD inter- 
face. 



PERIPHERAL INTERFACE 

The peripheral interface uses four pins to provide 
control to, and to accept status from, external devic- 
es. Two pins are inputs, one is an output and one is 
configurable either as an input or an output. The 
configurable pin defaults to the input mode on power 
up. 

The peripheral interface can also be used to indicate 
SLD status. Figure 7 shows the timing diagram of P3 
and P4. B1, B2 and D-channel data on the SLD pin 
can be selected or gated by using these signals. As 
noted on the P3 timing, the D-channel is imbedded 
in the last two bits (0, 1) of the signaling byte. (This 
must be programmed in the DPC register). 
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NOTE: 

1 . Status indicators are activated by the SST Bit in the PEC Register. 

2. P3 changes two bits prior to P4 if raw D-channel data is routed over the SLD S byte. 



Figure 7. 29C53AA SLD Status Indicators 
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Op Code Table 



Opcode 


Operation 


Argument 


000 


Reserved For Status Poll (Call Verify) By Master 


— 


001 


Single Byte Transfer To Slave 


Reg Adr 


010 


Prepare Single Byte For Transfer To Master 


Reg Adr 


oil 


Multiple-Byte D Data Transfer To Slave 


# Bytes 


100 


Multiple-Byte D Data Transfer To Master 


Max # Bytes 


101 


Multiple-Byte Configuration Transfer To Slave 


# Bytes 


110 


Multiple-Byte Status Transfer To Master 


# Bytes 


111 


Reserved For Status Poll (Call Verify) Tail & Idle 





INTERNAL CONTROL AND STATUS 
REGISTERS 

All of the 29C53AA's internal control and status reg- 
isters may be accessed through the microprocessor 
interface or through the SLD interface (when in SLD 
slave mode). When a microprocessor accesses a 
register, the address and CS inputs are latched on 
the trailing edge of ALE. The address is latched from 
pins AD1 -ADS of the microprocessor port. 

In an SLD access, the 29C53AA receives a control 
byte containing an operation code and an argument. 
The three most significant bits contain the operation 
code and the remaining five bits contain the argu- 
ment. The operation code defines eight transfer 
types. 

SLD Control Byte 

7 BITS 0 



[ ] [ Argument ] 

Op Code 

The 3-bit operation code in the control byte from the 
SLD master should normally be 111, indicating the 
idle state. The transferring of data to and from the 
29C53AA is accomplished by indicating the type and 
the number of bytes to transfer in a non-idle control 
byte. When a polled response is requested, the 
29C53AA responds to the poll operation code 000. 
This can be used for the transfer of one or several 
bytes of information. 

The D-channel block transfers from the 29C53AA to 
the SLD master preface the data bytes with a byte 
header specifying the number of following bytes 
(less than or equal to the maximum specified) and 
the status of the packet they belong to. All trans- 
ferred data bytes belong to the same packet; the 
transfers occur until the selected number of bytes 



are transferred or an EOP (end of packet) is detect- 
ed. The EOP may occur even when there are addi- 
tional bytes in the FIFO. The header byte contains 
the byte count in the lowest five bits and the packet 
status in the upper three bits. 

Data transfers over the SLD line cannot be made in 
both directions simultaneously. Multiple commands 
and data bytes may follow each other directly from 
the line card controller to the 29C53AA if the previ- 
ous command has been fully executed. 

It is possible to fully configure the 29C53AA over the 
SLD interface. Provisions are also made to perform 
this transfer at a 2 byte-per frame rate using both the 
C and S bytes of the SLD. The first control byte of a 
configuration transfer to the 29C53AA specifies the 
type of operation to be performed and the number of 
data bytes to follow. The system interface command 
unit loads the internal registers with the information 
as it is received. When the specified number of data 
bytes have been transferred, the 29C53AA assumes 
the next input is a control byte. 

The order of the bytes in a configuration or status 
block transfer is determined by the addresses of the 
internal registers. A multiple-byte transfer, beginning 
with register OOH, transfers the data to or from that 
register and increments the address counter. 

The register table below identifies the address of 
each 29C53AA register. The status registers are 
read-only registers while all control registers are 
read/write registers. Because all the register ad- 
dresses do not fit into the 5-bit address space, a 
register test mode has been included which permits 
reading the contents of control registers at address- 
es which normally are status registers. Where no 
register is assigned a location in the register test 
mode, the normal status register located at this ad- 
dress is read. 
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Table 1. 29C53AA Registers 



Parallel 

Port 
Auuress 


iniernai 
Address(i) 


Access 


Symbol 


Function 


uu 


UUUUU 


pn 
riu 


t AO 


inierrupi oiaius 


uu 


UUUUU 


\A/P ^PT\ 


tAlyl 


inierrupi MaSK 




UUUU 1 


pn 


noQ 

UrO 


D-Channel Processor Stsitus 




UUOU 1 


WH (HI; 


noo 


D-Channel Processor Control 


(\A 

U4 


UUU1U 


pn 


1 DQ 
Lro 


Loop ana reripnerai imerTace oiaius 


U4 


nnni n 

UUU lU 


Wn 1 ) 


1 PP 


Loop inierrace uoniroi 


UD 


nnni i 
UUU 1 1 


pn\A/p 
nUWn 


rtU 


Peripheral Interface and E-Channel Control 


Uo 


nni nn 
UU lUU 


pn 
nU 


nrlN 


neceive rirvj oiaius - ot Dyies usea 


UO 


nni nn 

UUl UU 


Wn ^n 1 ; 


QPP 


oLU inierrace uoniroi 


HA 
UA 


nni ni 
uu 1 U 1 


pn 


AriN 


1 ransmii rirvj oiaius - tf ox rree Dyies 


UA 


nni ni 
UUlU 1 


\A/P /PT\ 

WH (n 1 ) 


oUU 


OLU uaia 1 ransTer uonTiguraiion 


UU 


nni 1 n 
UU 1 lU 


pn 


QDP 

ODn 


opare diis neceive oiaius 


uu 


nni 1 n 
UU 1 lU 


\A/P /PT\ 
Wn 1 ; 


ODA 


opare piis i ransmii 


uc 


nni 1 1 

UUl 1 1 


pn\A/p 


LLD 


Loop inierrace LoopoacK uoniroi 


lU 


ni nnn 

UlUUU 


pn 


PPO 

nrU 


neceive riru» uuipui 


12 


01001 


WR 


XFI 


Transmit FIFO Input 


14 


01010 


RDWR 


GCR 


General Command Register 


16 


01011 


RDWR 


DPR 


D-Channel Priority Counter 


18 


01100 


RDW 


RFXF 


Receive FIFO Interrupt Level 


1A 


01101 


RDWR 


XFXF 


Transmit FIFO Interrupt Level 


1C 


01110 


RD 


PLENH 


Packet Length High Byte 


1C 


01110 


WR (RT) 


DUTH 


D-Channel Byte Counter Underflow 
ana vjveniow i nresnoiu 


1 c 


ni 111 

U 1 1 1 1 


pn 


Dl PMi 


racKei Lengin low oyie 




ni 111 

u 1 n 1 


Wn ^n 1 ) 


UkJ I n 


u-unannei oyie oounier L/yemow i nresnoiu 


iiU 


lUUUU 


pn\A/p 
HUWri 


odU 


opare bix Lrontroi 


oo 

C.C. 


1 nnni 
lUUU 1 


pn\A/p 
nUWri 


DQP 
ron 


Position Selection 




1 nni n 

, lUUlU 


pn 


PQP 
non 


neceive oervice nec|uesi 


26 


10011 


RD 


XSR 


Transmit Service Request 


30 


11000 


RDWR 


B1LS 


B1 Data in Loop to SLD Direction 


32 


11001 


RDWR 


B2LS 


B2 Data in Loop to SLD Direction 


34 


11010 


RDWR 


CR 


Control Byte from SLD 


36 


11011 


RDWR 


SR 


Signaling Byte from SLD 


38 


11100 


RDWR 


B1SL 


B1 Data in SLD to Loop Direction 


3A 


11101 


RDWR 


B2SL 


B2 Data in SLD to Loop Direction 


3C 


11110 


RDWR 


CX 


Control Byte to SLD 


3E 


11111 


RDWR 


SX 


Signaling Byte to SLD 



NOTE: 

1 . Address represents AD1 -ADS. ADO is not used by the 29C53AA for addressing. 
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29C53AA Register Definitions 

In the register descriptions that follow, the acronym, 
name, five bit address, and whether the register can 
be written or read (or read only in RT mode) are 
provided in the heading. For easy reference, the reg- 
isters are listed in alphabetical order. 

B1LS B1 Data "S" to SLD Direction 11000 R, W 
7 6 5 4 3 2 1 0 



B1 data 



This register provides access to the 81 channel data 
flow in the direction from the "S" loop to SLD inter- 
face. Data can be read or overwritten by the micro- 
processor in intercept mode (see SCR register). 
Also, data can be accessed so the MSB is in bit 7 
(default mode) or flipped so that the LSB is in bit 7 
by issuing the appropriate GCR command. 

B2LS B2 Data "S" to SLD Direction 11001 R, W 
7 6 5 4 3 2 1 0 



B2 data 



This register provides access to the B2 channel data 
flow in the direction from the "S" loop to SLD inter- 
face. Data can be read or ovenvritten by the micro- 
processor in intercept mode (see SCR register). 
Also, data can be accessed so the MSB is in bit 7 
(default mode) or flipped so that the LSB is in bit 7 
by issuing the appropriate GCR command. 

B1SL B1 Data SLD to "S" Direction 11100 R, W 
7 6 5 4 3 2 1 0 
81 data 



This register provides access to the B1 channel data 
flow in the direction from the SLD interface to the 
"S" loop. Data can be read or overwritten by the 
microprocessor in intercept mode (see SCR regis- 
ter). Also, data can be accessed so the MSB is in bit 
7 (default mode) or flipped so that the LSB is in bit 7 
by issuing the appropriate GCR command. 

B2SL B2 Data SLD to "S" Direction 11101 R, W 
7 6 5 4 3 2 1 0 



B2 data 



This register provides access to the B2 channel data 
flow in the direction from the SLD interface to "S" 
loop. Data can be read or overwritten by the micro- 
processor in intercept mode (see SCR register). 
Also, data can be accessed so the MSB is in bit 7 
(default mode) or flipped so that the LSB is in bit 7 
by issuing the appropriate GCR command. 



CR Control Byte Receive 11010 R, W 

7 6 5 4 3 2 1 0 



data 



This address provides access to the receive control 
byte register pair in the SLD register bank. In SLD 
master mode, this register contains the received 
control (C) byte from the SLD link. This is typically 
control information read back from an SLD slave de- 
vice such as the 29C48. Register contents are only 
valid in SSM (SLD master) mode. 

CX Control Byte Transmit 1 1 1 10 R, W 

7 6 5 4 3 2 1 0 



data 



This address provides access to the transmit control 
byte register pair in the SLD register bank. In SLD 
master mode, data placed in this register is transmit- 
ted over the SLD link in the C byte. This is typically 
control information sent to an SLD slave device 
such as the 29C48. Data is only transmitted in SSM 
(SLD master) mode. 

DOTH Overflow Threshold (Low Byte) 01 1 1 1 W (RT) 

7 6 5 4 3 2 1 0 
Overflow Threshold Bits 0-7 



This overflow threshold (maximum packet length) 
may be specified in the range 1 -4095. An exception 
is generated (see DPS register) if the threshold is 
equaled or exceeded. Setting this register to OOH 
(default) disables this function. The most significant 
four bits of the overflow threshold are set in the 
DUTH register. 



DPC D-Channel Processor Control 00001 W (RT) 



7 6 


5 4 


3 


2 1 0 


unused 


DRT 


B2D 


D-Ch. Routing 



DRT D-channel routing through B2 on the SLD if bits 
2-0 are 101. 



BITS 
5 4 




0 0 


route through B2 bits 0, 1 


0 1 


route through B2 bits 2, 3 


1 0 


route through B2 bits 4, 5 


1 1 


route through B2 bits 6, 7 



B2D When the raw D channel is routed to the SLD in 
the B2 byte (DPC bits 2-0 = 101), this bit sets 
the value for the unused bits of the transmit 
direction B2 byte (all zeroes or ail ones). 
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D-channel routing is programmed in bits 2-0 of this 
register for both NT and TE operation. D-channel 
processing can be bypassed to provide a clear 16K 
bits per second channel over the SLD line if desired, 
Bit 1 /3/5/7 of the B2 channel or bit 1 of the S chan- 
nel will be the first one transferred over the "S" bus 
in this case. 



BITS 


D-CHANNEL MODE 


2 


1 


0 


0 


0 


0 


Processor inactive, disconnect 
from SBUS 


0 


0 


1 


Loopback test mode (1 ) 


0 


1 


0 


Reserved 


0 


1 


1 


Processor active on SBUS, 
normal operation 


1 


0 


0 


Processor inactive, raw D 
through SLD S byte bits 1,0 


1 


0 


1 


Processor inactive, raw D 
through SLD B2 byte as set in 
DPC 4, 5 


1 


1 


0 


Reserved 


1 


1 


1 


Reserved 



NOTE: 

1 . Bit PEC.4 (EMO) must also be set to one to use the D- 
channel loopback test mode when operating as a loop 
slave (TE) if the loop interface is not synchronized. 

DPR D-Channel Priority 01011 R, W 



7 6 5 


4 


3 2 1 


0 


unused 


ZIS 


unused 


PRI 



ZIS 



When ZIS = 1 , the transmitter will not perform 
zero insertion on the outgoing D-channel 
frame. The data in the FIFO will be transmitted 
as is. When ZIS = 0, zero insertion is enabled 
which is normal operation. The default for this 
bit is 0. 



PRI 



When PRI = 0, the higher priority class (8) is 
selected for the D-channel priority logic. When 
PRI = 1, the lower priority class (10) is select- 
ed. This bit defaults to 1, selecting the lower 
priority class. 

DPS D-Channel Processor Status 00001 R 



7 


6 5 4 


3 


2 1 0 


XB 


transmit status 


RD 


receive status 



XB Transmitter busy. This bit is set to 1 whenever 
D-channel processor is transmitting. This bit 
does not affect the XDP bit in EXS, or cause an 
interrupt. This bit is zero when the transmitter is 
inactive or awaiting priority on the D-channel. 



Transmit status, encoded as follows: 

Bit 4 if set to 1 , the packet being transmitted was 
aborted due to FIFO underrun. The FIFO was 
emptied, and no EOP tag was found. 

Bit 5 if set to 1 , the packet being entered to the FIFO 
by the microprocessor was aborted due to 
FIFO overrun. The FIFO was written to when 
full. 

Bit 6 if set to 1 , the packet being transmitted was 
aborted due to loss of priority, or loss of sync. 
At a TE, priority is lost if the E-channel bit just 
received does not match the last transmitted D 
bit. 

RB Receiver busy. This bit is set when a packet is 
currently being received. This bit does not affect 
the RDP bit in EXS, or cause an interrupt. 

Receive status. The status of the packet which the 
microprocessor has access to (appears at RFO) is 
encoded as follows: 



BITS 


Receive Status 


2 


1 


0 


0 


0 


0 


Still receiving, no EOP yet 


0 


0 


1 


Good EOP 


0 


1 


0 


FCS error 


0 


1 


1 


FIFO underrun (read when empty) 


1 


0 


0 


FIFO overrun (FIFO full when next byte 
received) 


1 


0 


1 


Packet underflow (packet too short, 
threshold set in DUTH) 


1 


1 


0 


Packet overflow (packet too long, 
threshold set in DOTH) 


1 


1 


1 


Abort or loss of sync 



DUTH Underflow and Overflow (High Byte) 
Threshold 01 1 10 W(RT) 

7 6 5 4 3 2 1 0 



underflow threshold 



overflow threshold bits 1 1 -8 



The underflow threshold (minimum packet length) 
may be specified in the range 1 -15. An exception is 
generated (see DPS register) if the threshold is not 
exceeded. Setting this register to OOH (default) dis- 
ables this function. The upper four bits of the over- 
flow threshold are also contained here. 
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EXM Exception Mask 00000 W (RT) 



7 


6 


5 


4 


3 


2 


1 


0 


0 


XSR 


RSR 


PC 


SX 


LS 


XDP 


RDF 



Setting a bit to 1 in this register enables the associ- 
ated exception to generate an interrupt, and to ap- 
pear in the S byte of the SLD line. This register is 
initialized to OOH, all interrupt sources masked. 

EXS Exception Status 00000 R 



RSR request for receive FIFO data transfer. A com- 
plete D-channel packet has been received, or 
the FIFO is full to the programmed level (set in 
RFXF). 

PC change noted in peripheral interface inputs. 
Read LPS bits 5-7 for status. 



SX 



LS 



exception noted in spare bit unit (multiframing 
or A bit change). Read SBC for more informa- 
tion. 



7 


6 


5 


4 


3 


2 


1 


0 


X 


XSR 


RSR 


PC 


SX 


LS 


XDP 


RDP 



This is the main status register. It should be polled 
first when investigating the source of an exception. 
Some status is expanded in additional registers. 
When unmasked, bits set in EXS cause an interrupt, 
and affect the SLD signaling byte status. 

X reserved for future use, should be masked. 

XSR request for transmit FIFO data transfer. The 
transmit FIFO is at the programmed level of 
emptiness (set in XFXF). Or, if XFXF = 0, the 
closing flag of a packet has been transmitted. 



loss or gain of synchronization to the "S" loop. 
Read LPS for loop status. 

XDP D-channel processor exception, transmit side. 
Read DPS bits 4-6 to determine cause. 

RDP D-channel processor exception, receive side. 
Read DPS bits 0-2 to determine cause. 

GCR General Command Register 01010 R, W 

7 6 5 4 3 2 1 0 



command code 



Writing one of the listed codes to the GCR register 
causes the specified event to execute once. A new 
command should not be written to GCR for five cy- 
cles of CLK. Where the code contains X's, those bits 
have no effect. Reading the GCR register reads the 
previous command. 



CODE 


COMMAND 


EVENT 


111XXXXX 


GRST 


Reset all internal units. 


oil XXX1 1 


GDRAB 


Clear receive FIFO to next EOF (ignore data from loop 
until FLAG if none presently in FIFO). 


oil XXXI 0 


GDRCL 


Clear entire receive FIFO. 


011XXX01 


GDXAB 


Abort and clear the transmit packet currently being 
constructed by the microprocessor. 


011XXX00 


GCXCL 


Stop D-channel transmission, clear transmit FIFO, and 
indicate idle on transmitted D-channel. 


010XXX10 


GDXMK 


Mark EOP in transmit FIFO (no effect if FIFO empty). 


010XXXT1 


GLMX4. 
GLMX2 


Transmit INFO 4 (T = 0) or INFO 2 (T= 1) regardless of 
receive state. GLMX2 must be issued once before 
GLMX4 will cause INFO 4 to be transmitted. GTD must 
be issued to after GLMX4 return to normal operation. 


010XXX00 


GSSY 


Synchronize S frame to the next SLD frame (valid only 
when the loop is inactive). 


001XXXNF 


GB1F, 
GB2F 


N = select B1 (0)orB2 (1). 

F =^ 0, don't flip (bit reverse) B1 /B2 between 

PBUS and SBUS (MSB first). 
F = 1 . flip B1 /B2 between PBUS and SBUS (LSB first). 


OOOXXXOA 


GTST 


Set PBUS address A5 to A (A = 1 for register test 
mode). 


000XXX1D 


GTA, 
GTD 


Set D = 1 for loop activation command, set D = 0 for 
loop deactivation command. 


othenrt/ise 


no effect 


no action taken. 
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LCR Loop Interface Control 00010 W (RT) 



7 6 


5 


4 


3 


2 1 0 


unused 


B1E 


B2E 


XMIT 


MODE 



B1 B2E B-Channel Transmit Enables (no effect in 
LSM modes) 

0 disable transmitter for Bn subframes 

1 enable transmitter for Bn subframes 
XMIT Transmitter Enable (no effect in LSM modes) 

0 power/down/disable transmitter (output is 
high impedance) 

1 enable transmitter 
MODE Loop Interface Mode 

bits 

2 1 0 

0 0 0 LOFF power down/disable transceiver 

0 0 1 LOFF power down/disable transceiver 

0 1 0 reserved 

0 1 1 reserved 

1 0 0 LSSA Adaptive Receive Timing, Slave (TE) 

1 0 1 LSMH Hybrid Receive Timing, Master (NT) 
Extended passive bus or point-to-point 

1 1 0 LSMA Adaptive Receive Timing, Master 
(NT) 

1 1 1 LSMF Fixed Receive Timing, Master (NT) 
Short passive bus 

LLB Loop Interface Loopback Control 00111 R, W 



7 


6 


5 


4 


3 


2 


1 


0 


0 


DL 


B2L 


81 L 


0 


DS 


828 


BIS 



For data looped back towards the loop, the analog 
circuitry and data formating and deformating is in- 
cluded. For data looped back towards the system 



(SLD) interface, the loopback occurs at the interface 
to the internal SBUS. None of the data formating, or 
analog circuitry is included. The loop interface must 
be active and synchronized to use these loopback 
features. 

DL 1 = Loopback D toward loop, 0 = disable loop- 
back 

B2L 1 = Loopback B2 toward loop, 0 = disable loop- 
back 

B1L 1 = Loopback B1 toward loop, 0 = disable loop- 
back 

DS 1= Loopback D toward system, 0 = disable 
loopback 

B2S 1 = Loopback B2 toward system, 0 = disable 
loopback 

BIS 1 = Loopback B1 toward system, 0 = disable 
loopback 

When operating as a loop slave (TE), bit PEC.4 
(EMO) must also be set to one to use the D-channel 
loopback toward the system interface (set by the DS 
bit) if the loop interface is not synchronized. 



LPS Loop, Peripheral Interface Status 00010 R 



7 


6 


5 


4 3 2 1 0 


P3S 


P2S 


PIS 


encoded loop interface status 



P3S state of peripheral interface pin P3 when con- 
figured as an input 

P2S state of peripheral interface pin P2 

PIS state of peripheral interface pin PI 



Loop interface status code: 
BITS 

4 reserved for future use, should be zero 

3 mode: master(1)/slave(0) 

2 transmitter enable (both LCR.3 AND LCR.2 are 
set) 

1,011 = active 

10 = initialize (init) 
01 = initialize 

11 = inactive 
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29C53AA LOOP INTERFACE STATES 



BITS 
43210 


Description 


1XXXX 


Reserved for future use 


01111 


LSM3 active; sending INF04 


01110 


LSM2 remote init: receiving INFO 1 


01101 


LSM1 local init: send INFO 2 on local request 


01100 


LSMO inactive, powered up (receiver active) 


01011 


— (unused) — 


01010 


LMP2 passive resync, < 16 frames correct 


01001 


LMP1 passive resync, < 3 pulses per frame 


01000 


— (unused) — 


00111 


LSS3 active: sending INF03 


00110 


LSS2 remote init: sync to INFO 2/INFO 4 


00101 


LSS1 local init: send INFO 1 on local request 


00100 


LSSO inactive, powered up (receiver active) 


00011 


LSP3 active, receive only, successful passive resync 


00010 


LSP2 passive resync, < 16 frames correct 


00001 


LSP1 passive resync, < 3 Pulses per frame 


00000 


LOFF inactive, powered down (receiver inactive) 


PEC Peripheral Interface, E Channel Control 0001 1 P30EN P3 output enable (also enabled by SST). 0 
R, W = input, 1 = output 

76543210 P3P3 output value 


0 AA EMI EMO SST 


P30EN P3 P4 P4 P4 output value 



AA auto-answer mode enabled (1), or disabled 
(0) 

EMI, EMO 

Master, LSM modes 

OX generate E channel from received D 

1 0 force E channel to logical zero 

1 1 force E channel to logical one 

Slave, LSS mode 

XO normal E-channel function, contention reso- 
lution mechanism is enabled 

01 ignore E channel, always transmit D-chan- 
nel data without waiting for priority. Loss of 
priority exception is suppressed 

1 1 Force loss of priority 

SST present SLD status on P3 and P4 if 1 , or if 0, 
P3 and P4 are I/O pins controlled by PEC 
bits 0-2. 



PLENH D-Channel Packet Length High Byte 01 1 10 R 
7 6 5 4 3 2 1 0 



length 



This register holds the upper byte of the length of 
the current D-channel packet. The count is updated 
as the packet is read out of the receive FIFO. Reads 
of PLENH should be done a minimum of 3 CLK cy- 
cles after reading RFO. 

PLENL D-Channel Packet Length Low Byte 01 1 1 1 R 
7 6 5 4 3 2 1 0 



length 



This register holds the lower byte of the length of the 
current D-channel packet. The count is updated as 
the packet is read out of the receive FIFO. Reads of 
PLENL should be done a minimum of 3 CLK cycles 
after reading RFO. 
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PSR Position Selection Register 10001 R, W 

7 6 5 4 3 2 1 



any bit set 



A one in any bit of this register enables that bit onto 
the microprocessor bus when the XSR and RSR 
registers are read. Those bits of PSR in the zero 
state disable the corresponding bit positions of the 
microprocessor bus of the 29C53AA so that those 
bits remain in a high impedance state when RSR or 
XSR are read. 

This register allows the processor to poll up to eight 
29C53AA transceivers on the same microprocessor 
bus at one time, with each having its own status bit 
position in the byte. Using this method the processor 
can check status on all 29C53AA devices with a sin- 
gle read. 

See also RSR (Receive Service Request) and XSR 
(Transmit Service Request). 

This register cannot be accessed via SLD com- 
mand. 

RFN Receive FIFO Number 00100 R 



7 


6 


5 


4 3 2 1 0 


EOP 


MORE 


FULL 


number of bytes avail. 



This register indicates the number of bytes in the 
receive FIFO as detailed below. 

EOP Minimum of one byte in the receive FIFO is 
marked as the end of a packet if EOP = 1 . 
If EOP = 0, no byte marked as end of pack- 
et. 

MORE If MORE = 1, more information is available 
in the receive FIFO beyond the first packet, 
delineated by an EOP marker. If MORE = 
0, no data lies beyond the first packet. 

FULL The entire FIFO is filled if 1 . The FIFO is not 
full if 0. 

number If at least one EOP is marked, this value is 
the number of bytes to the first EOP. If no 
EOP is marked, this value indicates the 
number of valid bytes in the receive FIFO. 

RFO Receive FIFO Output 01000 R 

7 6 5 4 3 2 1 0 



data 



Read from this register to read from the receive 
FIFO. Do not write to this location, as one byte will 
be lost from the packet (read out from the FIFO). 
Reads from this location should be separated by 4 
CLK cycles. 



RFXF Receive FIFO Exception Fullness 01 100 R, W 
7 6 5 4 3 2 1 0 



unused 



RFXF 



If the number of bytes accumulated In the FIFO is 
equal to or exceeds this 5-bit number, or if the re- 
ceive FIFO contains a byte marked EOP, the receive 
FIFO exception RSR is activated. Setting this regis- 
ter to zero disables this function. However, a packet 
tagged EOP will still set the RSR exception. 

RSR Receive Service Request 10010 R 

7 6 5 4 3 2 1 0 



each bit set to state of RSR 



All bits in this register reflect the same status, the 
state of the RSR bit in the EXS register. When this 
register is read, only those bits indicated by a 1 in 
the corresponding bit positions in the PSR register 
are enabled onto the microprocessor bus. The re- 
maining bit positions on the microprocessor port 
pins remain in a high impedance state during a read. 
This allows up to eight 29C53AA transceivers con- 
nected to the same microprocessor bus to be polled 
for status with one read. This feature is useful, for 
example, in linecard applications where multiple 
29C63AA devices are controlled by one microproc- 
essor. 

See also PSR (Position Selection Register) and XSR 
(Transmit Service Request). 

SBC Spare Bit Control 10000 R, W 



7 


6 


5 


4 


3 


2 


1 


0 


MFE 


MDX 


MS 


SIE 


MIE 


MX 


AXE 


AX 



All exceptions are generated at the beginning of the 
ISDN frame following the event which causes the 
exception. 

MFE Multiframe function enable. When MFE = 1, 
the spare bit unit is in the multiframe mode. 
When MFE = 0, the 29C53AA will not perform 
any of the multiframing procedures. 

MDX Multiframe O/S data change exception indica- 
tion. When MFE = 1 , this bit is set to 1 if a 
Q/S bit quartet is received that is different 
from the previous one received, and a spare 
bit exception (SX in EXS) is generated. This bit 
is cleared upon reading SBC. 

MS Multiframe sync indication. When MFE = 1, 
this bit indicates the multiframe synchroniza- 
tion status (1 = in sync, 0 = out of sync). 
When MS changes from 1 to 0, a spare bit 
exception is generated (SX in EXS). When 
MFE = 0, this bit is always a one. 
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SIE Single frame interrupt enable. Setting this bit to 
a 1 enables the generation of a spare bit ex- 
ception (SX in EXS) every ISDN frame. The 
single frame exception does not have an indi- 
cation as such, but the indication should be 
inferred if the SX bit in EXS and the SIE bit are 
set. If SIE = 0, no single frame exception is 
generated. 

MIE Multiframe interrupt enable. When MFE = 1, 
setting MIE to a 1 enables the generation of a 
spare bit exception (SX in EXS) when the MX 
bit becomes set. MIE = 0 masks the MX bit 
from producing a spare bit exception. 

MX Multiframe exception indication. When MFE = 
1 , this bit becomes set to 1 on the first frame of 
the 20 frame multiframe, indicating that new Q 
or S transmit data can be written to SBX, and 
that new Q or S receive data is available in 
SBR. MX is cleared upon reading SBC. If MFE 
= 0, MX is not set. At the TE the multiframe 
exception indication is not dependent on multi- 
frame sync being established. 

AXE Activation bit change exception enable. Set- 
ting AXE to a 1 enables the generation of a 
spare bit exception (SX in EXS) when AX be- 
comes set. For AXE = 0, the A bit exception is 
suppressed. 

AX Activation bit exception indication. This bit be- 
comes set to 1 after a change in the received 
A bit value at the TE, only after the loop inter- 
face has acquired synchronization. The state 
of the A bit can be read in SBR. This bit is 
cleared upon reading SBC. 



SBR Spare Bit Receive 00110 R 



7 


6 


5 


4 


3 


2 


1 


0 


QS4/X 


QS3/X 


QS2/X 


QS1/S 


S/M 


N 


FA 


A 



(MFE = 1/MFE = 0) 



QS1 - Q or S bit quartet received. These bits are 
QS4 only valid when MFE = 1. QS1 is received 
first. 

S S bit received. Valid only in LSS (TE) mode. 
When MFE = 1 the S bit is located at SBR.3, 
and when MFE = 0, at SBR.4. 

M M bit received. Valid only in LSS mode. This 
bit is not indicated in SBR when MFE = 1 . 

N N bit received. Valid only in LSS mode. 

FA FA bit received. 

A A bit received. Valid only in LSS mode. 
NOTE: 

The Q and S bit quartets are updated every 20 
frames, while the remaining bits are updated every 
frame. 



SBX Spare Bit Transmit 001 10 W (RT) 



7 


6 


5 


4 


3 


2 


1 


0 


QS4/X 


QS3/X 


QS2/FAE# 


QS1/S 


S/M 


N = FA 


FA 


A# 



(MFE = 1/MFE = 0) 

QS1 - Q or S bit quartet transmission. These bits 
QS4 are only valid when MFE = 1 . QS1 is trans- 
mitted first. 



FAE# FA echo enable. Valid only when MFE = 0 
and in LSS (TE) mode. If FAE# is 0, the 
29C53AA automatically echoes the re- 
ceived FA bit from the NT in the FA bit posi- 
tion of its transmit frame. If FAE# is 1, the 
transmitted FA bit follows the state of bit 
SBR.1. The default is FAE# = 0, and the 
FA bit is echoed. 

S S bit transmitted. Valid only in LSM (NT) 
modes. When MFE = 1 , the S bit is located 
at SBR.3, and when MFE = 0, at SBR.4. 
When MFE = 1 , the S bit is transmitted in 
the frames of the multiframe when FA is not 
equal to 1 . 

M M bit transmitted. Valid only in NT mode 
and MFE = 0. 

N = FA Control for the N bit. Valid only in the NT 
mode. If N = FA is set to 1 the N bit trans- 
mitted will equal the FA bit value. The N = 
FA bit should be set to 0 for normal opera- 
tion so that the N bit will be the complement 
of the FA bit. The default is N = FA set to 
0. 

FA FA bit transmitted. When MFE = 0 (and 
FAE# = 1 for LSS mode) this bit controls 
the value of the transmitted FA bit (normally 
0). If MFE = 1 , this bit controls the value of 
the transmitted FA bit during frames not in- 
volved in the multiframe procedure. 

A# Control for the A bit. Valid only in the NT 
mode. The complement of this bit is sent in 
the A bit position of the transmit frame. For 
the default value of zero the A bit is trans- 
mitted as a one. During activation, the A bit 
is set to zero during INFO 2 regardless of 
the state of A#. 



SCR System Interface Control 00100 W (RT) 



7 6 


5 4 


3 2 


1 0 


unused 


B2M 


B1M 


SIM 



This register configures the system, or SLD inter- 
face. It defaults to OOH upon power up, which is the 
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SLD slave mode. In this mode, the 29C53AA ex- 
pects to receive its timing reference from the SLD 
interface. Therefore, in a terminal or other applica- 
tion where the SLD interface will be a signal source, 
the SLD mode master mode should be programmed 
immediately after reset. 

Bits 5, 4 B2 Mode 

0 0 enable normal SLD transfers (default mode). 

1 0 microprocessor intercept of 82 

0 1 loop back 82 toward system interface 

1 1 loop back 82 toward loop interface 
Bits 3, 2 81 Mode 

0 0 enable normal SLD transfers (default mode). 

1 0 microprocessor intercept of B1 

0 1 loop back B1 toward system interface 

1 1 loop back 81 toward loop interface 
Bits 1 , 0 System Interface Mode 

0 0 SSS SLD slave (default mode). The 

29C53AA SIDR and SCL pins are 
inputs, and the 29C53AA transmits 
data on SLD when SDIR is low 

1 0 SSN SLD interface for intelligent NT2. The 

29C53AA generates SCL and SDIR, 
and transmits data on SLD when SDIR 
is low 

0 1 SSM SLD master. The 29C53AA generates 

SCL and SDIR, and transmits data on 
SLD when SDIR is high. 

1 1 reserved 



SDC SLD Data Transfer Configuration 00101 W (RT) 



7 6 


5 


4 


3 


2 


1 


0 


unused 


CE 


MP 


MCS 


MF 


88 


80 



This register has no effect in SLD master mode 
(SSM). 

CE Command Enable 

0 Ignore commands received on the SLD line 
(except when RD and WR are both low during 
reset) 

1 Enable execution of SLD commands 
MP Multiple Transfer to SLD Master 

0 respond to poll command received in control 
byte 

1 respond immediately beginning in the next half 
of the SLD frame 



MCS Multiple Byte Configuration and Status Trans- 
fer 

0 use control byte only (one byte per SLD frame) 

1 use both control and signaling bytes (two bytes 
per SLD frame) 

MF Multiple Byte FIFO transfers (both directions) 

0 use control byte only (one byte per SLD frame) 

1 use both control and signaling bytes (two bytes 
per SLD frame) 

SS Single Status Byte Transfer (29C53AA to SLD 
master) 

0 respond to poll command received in SLD con- 
trol byte 

1 respond immediately beginning in the next half 
of the SLD frame 

SC Single Command/Configuration Byte Transfer 
(SLD master to 29C53AA) 

0 data follows in control byte of next frame 

1 data follows in the same frame's signaling byte 

SR Signaling Byte Receive 11011 R, W 

7 6 5 4 3 2 1 0 



data 



This address provides access to the receive signal- 
ing byte register pair in the SLD register bank. In 
SLD master mode, this register contains the re- 
ceived signaling (S) byte from the SLD link. This is 
typically signaling or status information read back 
from an SLD slave device. Register contents are 
only valid in SSM (SLD Master) mode. 

SX Signaling Byte Transmit 1 1 1 1 1 R, W 

7 6 5 4 3 2 1 0 



data 



This address provides access to the transmit signal- 
ing byte register pair in the SLD register bank. In 
SLD master mode, data placed in this register is 
transmitted over the SLD link in the S byte. This is 
typically signaling or status information sent to an 
SLD slave device. Register contents are only trans- 
mitted in SSM (SLD Master) mode. 

XFI Transmit FIFO Input 01001 W 

7 6 5 4 3 2 1 0 



data 



This is the input address for the transmit FIFO. This 
register should not be read, as it will cause the previ- 
ous contents of XFI to be entered into the FIFO, and 
the FIFO count (XFN) to be incremented. Writes to 
this register should be separated by 3 CLK cycles. 
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XFN Transmit FIFO Number 00101 R 

7 6 5 4 3 2 1 



number of free bytes 



This register indicates the number of empty bytes in 
the transmit FIFO. The count requires 5 CLK cycles 
to update after a write to XFI. 

XFXF Transmit FIFO Exception Fullness 01101 R, 
W 



unused 



XFXF 



If the number of untransmitted bytes in the transmit 
FIFO is equal to this 5-bit number, the transmit serv- 
ice request (XSR) bit is set in EXS. 



XSR Transmit Service Request 10011 R 

7 6 5 4 3 2 1 



each bit set to state of XSR 



All bits in this register reflect the same status, the 
state of the XSR bit in the EXS register. When this 
register is read, only those bits indicated by a 1 in 
the corresponding bit positions in the PSR register 
are enabled onto the microprocessor bus. The re- 
maining bit positions on the microprocessor port 
pins remain in a high impedance state during a read. 
This allows up to eight 29C53AA transceivers con- 
nected to the same microprocessor bus to be polled 
for status with one read. This feature is useful, for 
example, in linecard applications where multiple 
29C53AA devices are controlled by one microproc- 
essor. 

See also PSR (Position Selection Register) and RSR 
(Receive Service Request). 
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ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias - 10°C to +80*'C 

Storage Temperature - 65°C to + 1 50**C 

Voltage on any Pin Vss -O.SVtoVccto +0.5V 

Maximum Voltage on Vcc 

with Respect to Vss +7V 

Total Power Dissipation 500 mW 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS Vqc = +5V ±5%; Vss = 0V;Ta = O'^ctoyo^C; 
Typical Values are at Ta = 25**C and Nominal Power Supply Values 



DIGITAL INTERFACES 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test 
Conditions 


l|LK 
lOLK 


Input/Output Leakage Current 
(Excluding LR + , LR-. LX+, LX") 






±10 


\xlK 


Vss ^ v,N ^ Vcc 


V|L 


Input Low Voltage 






0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.45 


V 


Iql = + 2.0 mA 
Iql = 1 .2 mA for 
P1-P4, SLD 


V0H1 


Output High Voltage 


2.4 






V 


lOH = -400|uiA 


V0H2 


Output High Voltage 


0.9 Vcc 






V 


Iqh = -40 juA 


C 


Pin Cap. (ex. LR±,LX±) 






10 


PF 





POWER SUPPLY CURRENT (Averaged over 1 ms) 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


Ice (P) 


Power Down (Standby) 




4 


8 


mA 


SLD and CLK Active 


Ice (1) 


Idle Operating Current 




8 


12 


mA 


Receiver, SLD, CLK 
Active 


Vee (N) 


Normal Operating Current 






20 


mA 


Everything is Active 
(Excluding Current 
for Output Loads) 



A.C. Characteristics Vce = 5V ±5%; Vss = ov; Ta = ox-70"C; clk = 3.84 mhz 

RECEIVER 



Symbol 


Parameter 


Min 


Typ 


Max 


Units 


Test Conditions 


Vrd 


Minimum Received Differential 
Pulse Voltage 




300 


400 


mV 




Z|R 


LR + , LR- Input Impedance 


30 


60 




Ka 


Each Pin 




LR + , LR- Input Capacitance 




10 


20 


pF 


Each Pin 



5-44 



iATC 29C53AA 



TRANSMITTER 



Symbol 


Parameter 


MIn 


Typ 


Max 


Units 


Test Conditions 


VxD 


Transmit Differential Pulse Voltage 


1900 


2000 


2100 


mV 


Rl = 2500 (Notel) 


Zoxi 


LX+, LX- Output Impedance 


30 


60 




Kn 


Each Pin, Transmitting Binary One 


Z0X2 


LX+, LX- Output Impedance 




2 


5 


n 


Transmitting Binary Zero, Each Pin 


Cox 


Output Capacitance 




30 


40 


PF 


Each Pin 


Cl 


Capacitive Load between LX+, LX- 






1500 


PF 


Parallel with 300n Directly 
across LX+ and LX" (Note 2) 


tMR 


Transmit Pulse Rise Time 






400 


ns 


Test Load 


IXL 


Source, Sink Current Limit 


10 




14.4 


mA 


Rl = 75 


PHU 


Pulse Height Unbalance 




0.5 


3 


% 


Test Load 


tpw 


Pulse Width 


5.16 


5.21 


5.26 




CLK = 3.84 MHz ±100 ppm (Note 3) 



TIMING 



Symbol 


Parameter 


MIn 


Typ 


Max 


Units 


Test Conditions 


J 


Timing Extraction Jitter ("8" Slave Mode) 


0 




±5 


% 




PD 


Total Phase Deviation LX with Respect to LR 


-7 




+ 15 


% 


CLK == 3.84 MHz ±100 ppm 



NOTES: 

1 . This Is essentially the open circuit voltage. 

2. This Is a stability test. Overshoot less than 25%, damping time less than 1.5 jms. 

3. Free running, measured between zero crossing of adjacent pulses. During DPLL adjustment In LSS (TE) mode, the 
framing pulse may be wider or narrower by one cycle of CLK (260 ns). 



39X1 

— VW- 

LX+ 



i6on * 



39X1 



I=250pF 
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Transmitter Test Load 



90% 
10%^ 




90% 






t 






Differential Output 

across LX+, LX- for Vxd 
across 160n test circuit 
load for Imr, tpw 
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Figure 8. SLD Interface Timing (29C53AA As i\/f aster) 



SLD INTERFACE TIMING (29C53AA as Master) 



Symbol 


Parameter 


Min 


Max 


Units 


TKC 


CLKto SCL Delay 




150 


ns 


IKS 


CLK to SDIR Delay 




150 


ns 


TKP 


CLKto P3/P4 Delay(4) 




150 


ns 


TKDE 


CLK to SLD Driver Enabled 


0 




ns 


TKDV 


CLK to SLD Data Valid 




150 


ns 


TKDH 


SLD Data Hold After Clock Edge 


0 






TKDD 


CLK to SLD FLoat 




150 


ns 


TDVS 


SLD Data Input Setup Time to SCL 


50 




ns 


TSDV 


SLD Data Hold Time After SCL 


80 




ns 


TCLK 


CLK Period(5) 


230 


1000 


ns 


TCLKL 


CLK Low Time 


115 


550 


ns 


TCLKH 


CLK High Time 


115 


550 


ns 



NOTES: 

1 . 29C53AA samples SLD input data on SCL falling edge. 

2. 29C53AA changes SLD output data on SCL rising edge. 

3. 29C53AA SLD out is enabled IVa CLK cycles after the SDIR rising edge and disabled Va CLK cycle before the SDIR 
falling edge (as master only).. 

4. P3/P4, when programmed to output SLD status, changes state while SCL is low, approximately one CLK period ahead of 
SCL rising edge. 

5. Range over which the 29C53AA will function. The frequency of CLK must be 3.84 MHz ±100 ppm to meet layer 1 
recommendations for free running bit rate. 
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Figure 9. SLD Interface Timing (29C53AA As Slave) 



SLD INTERFACE TIMING (29C53AA as Slave) 



Symbol 


Parameter 


Min 


Max 


Units 


TDIRR 


SCL to SDIR Rising Edge 


-150 


150 


ns 


TDIRFR 


SCL to SDIR Falling Edge 


-150 




ns 


TDIRFF 


SDIR to SCL Falling Edge 


150 




ns 


TCHDF 


SCL High to Data Out Float 




50 


ns 


TSHDF 


SDIR High to Data Out Float 




50 


ns 


TKDH 


Output Data Hold After SCL Edge 


0 






TKDV 


Output Data Valid After SCL Edge 




100 


ns 


TDVS 


SLD Input Data Setup Time 


50 




ns 


TSDV 


SLD Input Data Hold Time 


80 




ns 


TCHDE 


Enable SLD Output After SCL 


0 




ns 


TSLDE 


Enable SLD Output After SDIR 


0 




ns 


TSSH 


SLD Status Hold After SCLO) 


80 


TCLK + TCLKL+100 


ns 



NOTES: 

1 . 29C53AA samples SLD input data on SCL falling edge. 

2. 29C53AA changes SLD output data on SCL rising edge. 

3. P3/P4, when programmed to output SLD status, are generated on the first CLK rising edge after SCL high to low tran- 
sition is detected. SCL is sampled on CLK falling edge. 
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Figure 10. Microprocessor Bus Timing 



i\/IICROPROCESSOR BUS TII\/IING 



Symboi 


Parameter 


mn 


Max 


Units 


TAL 


Address Setup Before ALE Trailing Edge 


10 




ns 


TLA 


Address Hold After ALE Trailing Edge 


20 




ns 


TWW 


Write Control Signal Width 


100 




ns 


TDW 


Data Setup Before WR Trailing Edge 


40 




ns 


TWD 


Data Hold After WR Trailing Edge 


15 




ns 


TAA 


ALE Pulse Width 


30 




ns 


TWI 


Active CS Cycle Disallowed After WR(1) 


2.5 X TCLK + 30 






TRR 


Read Control Signal Width 


100 




ns 


TRD 


Access Time from RD Leading Edge 




100 


ns 


TAD 


Access Time from ALE Trailing Edge 




250 


ns 


TDF 


Float Delay After RD Trailing Edge 




40 


ns 


TCI 


Active CS Cycle Time for FIFO Access, RFO 

XFI 

for other registers 


4 X TCLK 
3 X TCLK 
2 X TCLK 




ns 


TAC 


ALE to Control Pulse 


10 




ns 



NOTE: 

1 . Allow 3 extra clock cycles for GCR commands to execute. 



Input/Output 



A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". Load capacitance Cl = 
100 pF. 



Figure 11. A.C. Testing Input, Output Waveform 
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3.84 MHz ±100ppm 
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Figure 12. 29C53AA Application Diagram 

NOTES: 

1. The SLD port will be connected to an SLD master in NT applications, or to SLD slave devices such as the 29C48 
programmable CODEC/ Filter or appropriate data communication devices in TE applications. 

2. Series resistance is used to increase the output impedance during transmission of a binary zero to greater than 20n on 
the loop side. It also serves as protection against surges when used in combination with external protection diodes. 

3. A lower turns ratio (e.g., 1:1.8) may be used at the cost of a lower ratio of received signal to locally generated noise. 

4. Appropriate protection circuitry can be added depending upon the application. 

5. Pullup selected for approximately 1 mA Iql- 
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T-LINK COMMUNICATIONS CONTROLLER 



■ Complete Implementation of the T-Link 
Rate Adaption Protocol in a Single 
Device 

■ Adapts Synchronous or Asynchronous 
Terminals to 64 Kbit/s Clear or 
Restricted Channels 

■ Rate Adaption of Synchronous or 
Asynchronous Data at Rates of 300 
Bit/s to 64 Kbit/s 

■ Provides Interworking Capability to the 
ISDN 



■ Supports Exchange of Terminal Status 
Indicators 

■ Provides Error Correction for Data Rate 
of 9600 Bit/s or Less 

■ General Purpose Parallel 
Microprocessor Interface 

■ Serial Terminal Interface Including 
Handshake Signals 

■ Serial Synchronous Network Interface 

■ SLD Compatible 

■ IDL Compatible 



The 89151 T-Link Communications Controller (TCC) is a highly integrated communications controller which 
provides a complete implementation of the T-Link rate adaption protocol. The T-Link Communications Control- 
ler is used to rate adapt synchronous and asynchronous terminals to the public switched digital network, or an 
ISDN, providing transparent, digital end to end communications. The 89151 TCC includes a terminal interface 
port supporting synchronous or asynchronous terminals, a synchronous network interface port, and a general 
purpose parallel microprocessor port. The 89151 TCC can operate as a peripheral to a wide variety of micro- 
processors. 







SIN 








SOUT 




TXD 




BCLK 




RXD 




SYNC 








B1B2 








XLB 




TXC 








XCK 


89151 


NCI 




BRG 


T-LINK COMMUNICATIONS 


NC2 






CONTROLLER 






GTS 




TST1 




RTS 




M/S 




DSR 




+5V 




DTR 




GND 




DCD 




MCLK 




CSB 


A1 AO D7D6D5D4D3D2D1D0 RDBWRBRDYTDR RDR 





■ •e 
I 

Z 

•? 



TTTmrmrrrnT 

Parallel Microprocessor Interface 

Figure 1. 89151 T-Link Communications Controller 
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The T-Link Rate Adaption Protocol 

T-Link is a full duplex byte oriented rate adaptation 
protocol designed to transfer either asynchronous or 
asychronous data over a switched digital circuit at 
data rates from 300 bit/s to 64 Kbit/s. T-Link can 
operate over a 64 Kbit/s clear channel, or over a 
64 Kbit/s restricted channel with a 1's density re- 
quirement. T-link can also be used on a 64 Kbit/s 
channel with capacity restricted to 56 Kbit/s due to 
the use of inband signaling or a 1's density require- 
ment of today's T1 networks. T-link provides: 



End to End Synchronization 

Support of terminals with synchronous data rates 
from 1200 bit/s to 64 Kbit/s 

Support of terminals with asynchronous data rates 
from 300 bit/s to 19.2 Kbit/s 

Exchange of EIA or CCITT DTE/DCE lead status 

User data (synchronous or asynchronous) transfer 

Error correction for user data rates of 9600 bit/s or 
less 

Networks providing circuit switched 64 Kbit/s data 
transmission are ideal for providing high speed, wide 
area data transfer. T-link provides a rate adaption 
protocol which can be used by a Terminal Adaption 
Device (TAD) to connect present DTEs to such net- 
works. The T-IInk protocol can be used on existing 
networks as well as on the ISDN (Figure 2). 



T-Link Communications Controiler Overview 

The 89151 T-Link Communications Controller pro- 
vides a T-Link building block for implementing a Ter- 
minal Adaption Device that may be used for an ISDN 
TA or other TAD application. The complete rate 
adaption protocol Is built into the 89151. The 89151 
includes three interfaces which facilitate its use in 
DCE applications supporting the T-Link rate adap- 
tion protocol. There are the serial terminal interface, 
the serial network Interface and the parallel micro- 
processor Interface. Refer to Figure 1 . 

The terminal interface supports synchronous and 
asynchronous serial terminals. As T-LInk carries the 
terminal status across the connection, the standard 
EIA handshake leads are provided. Clocking can be 
sourced by the attached device or by the 89151. 

The network interface is designed to pass serial 
data between the 89151 and the network side of the 
terminal adaptor. It can operate in one of two 
modes. In one mode, the network interface consists 
of a serial input, serial output, a 2.56 MHz bit clock, 
and an 8 KHz synchronization clock. This mode is 
called IDL. In the second mode, it supports the SLD 
interface. 

The microprocessor Interface is used to pass com- 
mands and status between a local microprocessor 
and the 89151. Options for T-Link control can be 
selected. This interface includes an eight bit parallel 
data bus, read (RDB) and write (WRB) signals, a 
ready (RDY) signal and address lines (AO, A1 ). This 
port supports a wide variety of microprocessors and 
microcontrollers. 




TA 
TAD 




ISDN 



TRUNK 




-T-LINK- 




Figure 2. Rate Adaption for the Switched Digitai Network 
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Applications 

Figure 3 illustrates a typical TAD implemented using 
the 89151 T-Link communications Controller. The 
serial terminal interface can support a variety of pro- 
tocols, such as RS232C/V.24, V.35, RS449, etc. 
The human interface provides keypad, switches and 
display for example. The network interface block 
provides the physical connection to the network and 
is dependent on the type of network involved. The 
microprocessor is in charge of responding to user 
inputs, setting up the connection and controlling 
T-link options. The entire T-Link rate adaption proto- 
col is performed by the 89151, providing a transpar- 
ent data link once the connection is setup. 



A specific example of an ISDN terminal adaptor is 
shown in Figure 4. Here the 89151 is used along 
with the 29C53 Digital Loop Contrbller, which pro- 
vides access to the "S" reference point of the ISDN 
basic rate interface. The 89151 T-Link Communica- 
tions Controller connects directly to the SLD inter- 
face of the 29C53, and is used to rate adapt a non- 
ISDN terminal to one of the 64 Kbit/s basic rate B 
channels. The TCC can operate over either the B1 
or 82 channel, and so it can share the SLD interface 
with another SLD slave device, such as the 29C48 
programmable CODEC/ Filter. Channel data can be 
complemented by a TCC package pin. The layer 2 
and 3 ISDN signaling functions are performed by the 
80188. 
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Figure 3. Terminai Adaption Device (TAD) Based on thie 89151 
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Figure 4. ISDN Terminal Adaptor Using T-Link 
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ISP188 

ISDN SOFTWARE PACKAGE FOR THE 80188 



Complies with CCITT 
Recommendations for Layers 1, 2 and 
3 of the iSDN User Network interface 

Device Drivers for Intel's 
iATC29C48/C50A, iATC29C53, 
and 82530 

Intel lAPX 80188 Based 

Software License and Source Code 
Included 



Written in IMicrosoft "C" Language 

IBM PC Development Environment 

PC Plug-In Development Boards 
Available 

Debug Monitor/Display Supported 

Comprehensive Support Services 
Available from DGM&S, Inc.* 

Reference Sold by Intel 



The ISDN Software Package for the 80188 (ISP188) is specifically designed for ISDN terminal applications 
using Intel's Advanced Telecommunication Components (iATC). The software supports the lATC 29C53 Digital 
Loop Controller, the iATC 29C48/29C50A Feature Control CODEC/filter combos (for voice conversion), and 
the 82530, Serial Communications Controller. 

ISP188 is based on the 8086 architecture and can be used with the 80188/186, 80286 and 80386 microproc- 
essors. The software source modules are written in "C" language using the Microsoft compiler. The modules 
are well defined to permit integration with customer supplied software. 

ISP188 supports the recommendations set forth by CCITT for the datalink and network layers (1.440, 1.441 , and 
1.450, 1.451) of the OSI Reference Model. The iATC 29C53 supports the physical layer (1.430). Combined, the 
29C53 and ISP188 implement the standards now in place for the "S" reference point (layers 1, 2, and 3). 

ISP1 88 package includes a software license for Incorporation into OEM products and a copy of the source 
code is provided on a 5y4 inch floppy disk. 

A PC co-processor board is available that contains the Intel components and other necessary hardware to use 
ISP188 to establish a voice call and simultaneous circuit switched data or PC to PC file transfer through ISDN 
switched access. In addition, demonstration routines are included to show examples of the same capabilities 
in a back to back PC environment (local, no switch involved). Additionally, a debug port is provided on the 
board and supported by the software so that diagnostic messages can be enabled and sent to a printer or 
terminal over an RS 232-C connection. 

The PC card and software combined can be used for ISDN hardware or software development or be included 
in an OEM product. Typical applications for ISP188 include digital telephones, feature telephones, integrated 
voice/data terminals (IVDT), and terminal adapters. 

*Dale, Gesek, McWilliams & Sheridan, Inc. 




B2 D 
CHANNELS 

Figure 1. OSI Reference Model 
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FUNCTIONAL DESCRIPTION 

ISP188 is designed to establish, maintain, and tear- 
down voice and circuit switched data links on the 
basic rate 2B + D "S" bus interface. The software 
package provides the "out of band" "D" channel 
signalling software for call control. This includes lay- 
er 2 LAPD, and layer 3 for basic voice services and 
circuit switch data calls on the B channels. 

The software was designed and tested with a PC 
plug-in card which functions as a communication co- 
processor in an IBM PC, XT, or AT host environ- 
ment. The co-processor board contains the Intel 
ISDN components for which the software was de- 
signed. All of the software modules run on the 
board, while some support software runs under MS- 
DOS. A Shared Memory Interface (SM1 and SM2) 
which is contained on the co-processor is used for 
communication between the host environment and 
the board. Figure 2 outlines the software modules, 
where they run and devices for which drivers are 
supplied. 

ISP188 is configured to be compatible with the 
AT&T #5ESS Central Office switch and is compati- 
ble with the 5E4.1 Generic Basic Rate Interface 
specification. A PC/XT/AT host configured with the 
coprocessor board and loaded with ISP188 may be 
connected to an AT&T #5ESS Basic Rate Interface. 



Layer 1, ISDN Hardware Device Drivers 

The device drivers allow the software to interface 
with the hardware components. The following hard- 
ware device drivers are provided: 



D-channel and link control (29C53) 

B-channel control (82530, 29C48/C50A) 

B-channel data transfer (82530) 

Voice analog control (29C48/C50), DTMF genera- 
tion, alerting tones 

PC bus interface via 8K x 8 FIFO (SM1 & SM2) 

The D-channel and link control driver interfaces the 
software to the 29C53 Digital Loop Controller. It sup- 
ports the activation, deactivation, error detection 
and D-channel data transfer functions on the "S" 
bus. The device driver supports the following primi- 
tives as its interface to layer 2 of the ISDN D-chan- 
nel: 

PH-DATA (Transmit and receive packets from layer 
2) 

PH-ACTIVATE (Activate or sense activation of the S 
bus link) 

PH-DEACTIVATE (Deactivate or sense the deactiva- 
tion of the S bus link) 

PH-MPH_ERROR (Detect and report link level error 
conditions to the management entity) 

The B-channel control driver is used to control ac- 
cess to the B-channels. Access is through the fol- 
lowing procedures: 

Enable/Disable voice to B1 or B2 (29C48/C50A) 

Enable/ Disable 82530 channel A to B1 or B2 

Enable/Disable 82530 channel B to B1 or B2 

Enable/Disable 82530 channel A to 29C48/C50A— 
this permits tone generation to speaker or ear piece 
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Figure 2. ISP 188 Block Diagram 
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Additionally, the B-channel control driver is used to 
force B-channel data to mark one or zeros when no 
device is attached. It also is used to select hardware 
rate adaption or data inversion of the B-channels. 

The B-channel Data Transfer driver supports the 
transmission of LAPB/LAPD HDLC packets on ei- 
ther B-channel via the 82530 using DMA data trans- 
fer at 64 Kb/s or interrupt driven at 16 Kb/s. The 
interfaces are similar to the D-channel and link con- 
trol device drivers and use the same routines. 

The Voice Analog Control driver is used to control 
the voice analog section of the co-processor board. 
It Is used to initialize the 29C48/C50A, set volume 
levels, generate and send tones to speaker and ear 
piece, and detect status of the ON/OFF hook inputs. 



ISDN Layer 2 (LAPD) Module 

The layer 2 of the ISDN D-channel signaling imple- 
mentation is compatible with CCITT Recommenda- 
tion 1.441. The design supports multiple interfaces to 
the data link layers of the D-channel and B-chan- 
nels. Each interface maintains its own state tables, 
data areas and input/output physical interface. 

The layer 2 software supports Terminal Endpoint 
Identifier (TEI) assignment, single and multi-frame 
operation, and modulo 8 and 1 28 operation. 

Additionally, layer 2 supports an interface to packet 
layer X.25 data on the B-channel using the LAPD 
procedures. 

The interface to layer 1 supports the CCITT recom- 
mended primitives. 

The interface to layer 3 supports the CCITT recom- 
mendation with the following primitives implement- 
ed: 

DL-UNIT DATA REQUEST/INDICATION— unac- 
knowledged information transfer 

DL-DATA REQUEST/INDICATION— acknowledged 
information transfer 

DL-ESTABLISH REQUEST/INDICATION— establish 
single or multi-frame operation 

DL-RELEASE REQUEST/INDICATION— terminate 
single or multi-frame operation 

MDL-ASSIGN REQUEST/INDICATION— obtain TEI 
assignment 

MDL-REMOVE REQUEST— remove previously as- 
signed TEI 



ISDN Layer 3 D-Channel Signalling 
Module 

The layer 3 implementation conforms to the CCITT 
Recommendation 1.451. The implementation also 
supports two call references, one per B-channel. 
This implementation supports the following network 
functions: 

Initiate a call on either B-channel (voice or data) 

Answer a call on either B-channel 

Terminate a call on either B-channel (caller or called 
party hang up) 

Each B-channel will operate independently of the 
other. That is, one B-channel can be terminated 
while the other B-channel initiates or continues a 
call. 

The layer 3 to layer 2 interface conforms to the 
CCITT recommended primitives and layer 3 con- 
forms to the call state/event table definitions of 
1.451. 

The implementation provides for the easy expansion 
of layer 3 to support additional network facilities 
such as call waiting, call transfer, etc. 



Connection Manager Module 

The Connection Manager Module interprets call re- 
quest information and manages the connection and 
disconnection of the voice and data between the PC 
source and the B-channels. The B-channels can be 
connected for voice or HDLC framed data phase 
packets. This module is defined to support the con- 
nection of several data sources that could exist in 
future development. 



Management Module 

The Management Module provides several functions 
for the ISDN software system. Its primary function is 
to detect, indicate and respond to error conditions 
detected in the ISDN system software and hard- 
ware. A secondary function performed by the man- 
agement module is the initialization of the LSI hard- 
ware chips in the ISDN system. 



HDLC Frame Interface Module 

This module interfaces through the PC bus via the 
shared memory interface (SMI and SM2) to a PC 
driver interface that supports the transfer of data in 
variable length buffers up to 512 bytes. This data is 
then sent to the HDLC driver where it is framed with 
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flags and CRC and sent/received on either B chan- 
nel using DMA or interrupt driven data transfer 
mode. The Interface can also specify rate adaption 
to B channel Intermediate rates of 56, 48, 32, 16 or 8 
Kb/s. The HDLC data stream may also be inverted. 



Packet Data Interface Module 

This module Interfaces through the PC bus via SM1 
and SM2 to a PC driver that supports the transfer of 
X.25 data phase packets. Layer 3 data phase X.25 
packets are handled from the PC and sent as LAPB 
or LAPD packets at 64 Kb/s. Other transmission bit 
rates may also be specified. 



The Kernel 

A machine readable version of a real-time multi-pro- 
cessing executive is contained in the software pack- 
age. The kernel runs on the coprocessor and sup- 
ports service calls for the following: 

Dynamic Memory Management 

Timer Support 

Semaphores 

Inter-Process Communication 
Queue Control 

Interrupt to Semaphore Mapping 

The software is built Into a collection of "processes" 
with the kernel using the "system builder" software 
which Is provided. 

Complete documentation is available on the kernel 
and is listed below. 



DEVELOPMENT ENVIRONMENT 

All software is developed In "C" language, with the 
exception of the low-level hardware device drivers 
and interrupt handlers. These are Implemented in 
assembly language using the Microsoft assembler. 
The Microsoft "C" compiler version 4.0 or later is 
used. 

The software is supported by the environment pro- 
vided by the real-time multi-tasking kernel. 

The software package was designed and tested us- 
ing the PC coprocessor board in an IBM PC (XT, 



AT). The board can be used for development of cus- 
tom upper layer software or in production to upgrade 
PCs to ISDN workstations (additional software re- 
quired for specific applications). 

The PC co-processor development board contains 
the following major functional elements: 

lAPX 188 microprocessor 

ISDN "S" bus Interface with full support for D and 
B-channels (Intel's 29C53 Digital Loop Controller) 

Voice Interface for hand or headset (includes Intel's 
29C48 or 29C50A Feature Control Combo) 

Interface to the PC bus (includes Intel's 82530 Serial 
Communications Controller and 8256 MUART) 

51 2K to 1 megabyte of RAM (Includes Intel's 8208 
DRAM Controller) 

The 82530 is used as the B-channel controller. 
Since the 801 88 provides only two DMA channels, 
full duplex DMA transmission (transmit and receive) 
can be supported for data transfer via the 82530 on 
only one B-channel. Interrupt driven data transfer on 
the second B-channei Is possible when voice has 
not been selected. Independent rate adaption is 
supported on each of the B-channels when they are 
attached to the 82530. The following rate adaption 
schemes are supported by the hardware: 

64 Kb/s (clear channel no rate adaption) 

56 Kb/s (V.1 10 single stage) 

48 Kb/s (V.1 10 single stage) 

32 Kb/s (V.1 10 second stage) 

16 Kb/s (V.1 10 second stage) 

8 Kb/s (V.1 10 second stage) 

HDLC framing and flag stuffing (X.31 -DMI mode 2) 

The 82530 SCC supports the following signaling pro- 
tocols on the B-channels: 

Async 

IBM BSC 

SNA SDLC 

HDLC (LAPD/LAPB) 

Complete documentation is available on the co- 
processor plug-In card and is listed below. 
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DEMONSTRATION SOFTWARE 

Three demo packages are included in tlie software 
package. The first is for voice calls run on the PC 
using MS-DOS and the PC keypad for dialing. The 
package will demonstrate establishing a call, an- 
swering a call, and call termination. The second 
package demonstrates sending and receiving a PC 
file using HDLC data frame transport. The third 
diemo permits keyboard data on each PC to be 
transmitted on the B-channel at 64 Kb/s to the other 
PC's screen. Voice and data call demos can be ov- 
erlapped. 



ORDERING INFORMATION 

ISP188 is reference sold by Intel. Software licensing 
and sales are conducted directly with DGM&S, Inc. 
and can be contacted at the address below. Com- 
plete development and support packages are avail- 
able. 

Marketing Department 

DGM&S, Inc., Communication Technologies 

1025 Briggs Road 

Mt. Laurel, New Jersey 08054 

(609) 866-1212 



COMPATIBILITY 

ISP188 is being tested for compatibility in several 
switch environments as well as ISDN field trails. For 
the latest information on compatibility testing, please 
contact DGM&S, Inc. 

ADDITIONAL LITERATURE 

Related literature is available from DGM&S, Inc. on 
the following subjects: 

IBM PC ISDN "S" Co-processor Adapter 
(GEN-071-2) 

DGM&S Kernel including The Process Builder 
(GEN-048) 

DGM&S Shared Memory Interface— SMI 
(GEN-047) 

PC Application Platform (GEN-093) 

ISDN ISP188 Hardware— Software Description 
(GEN.092.2) 
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IBM, PC, XT, AT Compatible Intelligent 
Communications Card** 

2B + D ISDN Basic Rate Interface 
Supported 

Complemented with ISP188 ISDN 
Software Package 

On Board 80188 for ISDN Protocol 
Processing 

29C53 Digital Loop Controller Provides 
ISDN Physical Layer Access 



82530 for B-Channel Protocol 

Voice/Handset Interface Provided via 
29C48 

Auxiliary Serial Port for Debug or Data 

Switch Hook Detect 

512 Kbyte RAM Expandable to 1 Mbyte 
on Board 

Supports Data Transfers over Any or 
All Three Channels (Two B-Channels, 
One D-Channei) 



The PC53 ISDN Board is an Intelligent communications card for connection to four-wire ISDN networks 
conforming to the CCITT I series recommendations. The board Is a full size card and can be used in the IBM 
PC/XT/ AT** or compatible computer system. The PC53 uses Intel's VLSI technology to provide a self-con- 
tained co-processor for ISDN communications applications in a PC environment. The board includes an 80188 
CPU, 512 Kbyte dynamic RAM (expandable to 1 MB), B-channel protocol controller, ISDN "S" interface, and 
telephone handset Interface, and can be used as a communications adapter card, or for ISDN software 
development. The on-board 80188 processor, with appropriate software, can perform the call processing and 
signaling required for the ISDN network, off loading this task from the host CPU. When installed with the 
ISP188 software package, the system is compatible with the AT&T #5ESS* ISDN switch containing the 5E4.1 
Generic Program. 




290171-1 

Figure 1. PC53 Board 



**IBM, PC, XT and AT are registered trademarks of International Business Machines. 
*#5ESS is a trademark of AT&T. 
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FUNCTIONAL DESCRIPTION 

The PC53 ISDN co-processor implements the hard- 
ware functions required to support the CCITT l-se- 
ries "S" interface. The board is designed to run as a 
slave processor board in the PC host system (Figure 
1 ). The co-processor design relieves the hdst proc- 
essor of much of the communication functions. The 
board uses no system memory address space, but 
rather one block of eight I/O ports with switch se- 
lectable base address. 

As an intelligent integrated voice and data adapter, 
the PC53 permits basic access to ISDN facilities 
over the 4-wire "S" bus interface, providing access 
to the two full duplex 64 Kb/s B-channels (B1 and 
B2) and to the 16 Kb/s D-channel for signaling or 
packet data. This is referred to as the 28 + D inter- 
face. 



Physical access to the two B-channels and the D- 
channel is provided with the 29C53 Digital Loop 
Controller. This device also provides hardware sup- 
port for the D-channel signaling protocol. 

The PC53 is implemented using the 80188 micro- 
processor, providing a high integration, high per- 
formance design. Since the 80188 is software 
compatible with the PC host processor, application 
software can be developed on th^ host computer. 
Hardware and software support is included for 
downloading code from the host system to the on- 
board RAM of the PC53 for execution. 

The PC53 can be expanded to one megabyte of 
RAM for use as program and data memory 
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Figure 2. PC53 Block Diagram 
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(512 Kbytes provided). In addition, 8 Kbytes of dual- 
port RAM is used for host to PC53 communications. 
The PC53 contains no ROM; all software is down- 
loaded from the main processor. The PC processor 
downloads software and messages to the PC53 via 
the dual-port RAM and controls the PC53 via a set 
of control lines through an I/O port. 

The design permits the PC53 to establish, maintain 
and clear voice and/or data calls via D-channel sig- 
naling. All signaling is supported on the PC53 with 
the 80188 microprocessor and the D-channel proc- 
essor in the 29C53 ISDN chip. 

The PC53 includes an interface to a handset or 
headset speaker/microphone and provides a 29048 
codec/filter for the conversion between analog 
voice and the digital voice (Figure 2). The digitized 
voice may be routed over either B-channel. 

Switch hook detection capabilities are provided by 
using a four-pin connector on the outer edge of the 
board. This can be used to connect to a handset 
cradle for detection of on/off hook condition. 

The PC53 ISDN board also supports data transfer 
on either or both B-channels. A multiprotocol com- 
munication adapter, the 82530, is used to route data 
to or from either B-channel. This device supports 
both byte and bit synchronous protocols at 64 Kb/s 
for the B-channels. The PC53 provides full duplex 
DMA support for one of the B-channels when used 
in SDLC or HDLC mode, providing a 64 Kb/s trans- 
fer rate. The other channel is interrupt driven, with 
throughput depending upon other tasks being han- 
dled by the 80188. 

The PC53 also includes an auxiliary serial communi- 
cation port which can be used as a protocol or soft- 
ware debug monitor port, or as an auxiliary data 
channel. In the latter case, the PC53 could be used 
to interface to a communication port on the PC or a 
terminal, and bit rate adapt the asynchronous data 
to either of the 64 Kb/s B-channels, or packetize the 
data and route it to the 16 Kb/s D-channel. 

Functionally, the PC53 ISDN board is divided into 
the co-processor subsystem, the PC interface, dual- 
port subsystem, ISDN interface, and an analog voice 
interface (Figure 2). The remaining sections of this 
document describe the subsystems in more detail. 



CO-PROCESSOR SUBSYSTEM 

The ISDN co-processor subsystem is driven by the 
80188 microprocessor which runs at an 8.192 MHz 
clock rate. The processor has many programmable 
internal functional blocks with operation dependent 
on the configuration software. These include: 

3 programmable timers 
Programmable interrupt controller 
13 programmable chip select lines 
2 channel DMA controller 

The hardware design takes advantage of these 
blocks to provide a high integration/high perform- 
ance communications card. The 80188 is run with- 
out wait states for most operations except simulta- 
neous dual port accesses and accesses to the 
82530 Serial Communications Controller. Thus, 
most operations not involving the dual port RAM or 
82530 will execute in 4 clock cycles, or 488 ns. 



Programmable Chip Select Lines 

The programmable chip select lines reduce the 
amount of external decode logic required. The actu- 
al address that the line responds to is a function of 
the software. The programmable chip select lines 
are connected as follows: 

DCS: Selects dual port RAM/disables dynamic 
RAM 

MCSO-3: Not used 
LOS: Not used 

PCSO: Selects 29053 ISDN transceiver 

PCS1: B1 channel control 

PCS2: Selects 8256 MUART 

PCS3: B2 channel control 

PCS4: Selects 82530 SCO 

PCS5: Latched A1 

PCS6: Latched A2 
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Interrupts 

The 80188 programmable interrupt controller is used 
to handle the system interrupts. The actual interrupt 
vectors and priorities are determined by the soft- 
ware. The interrupt pins are wired as follows: 

NMI PC processor or watchdog timer 

INTO 29C53 

INT1 82530 

INT2 PC processor 

INT3 8256 



Timers 

The 80188 has three internal programmable timers. 
TMRO can be programmed as a real time clock for 
the co-processor. TMR2 is then used as a prescaler. 
TMR1 has been intended for use as a watchdog tim- 
er. The TMR10UT pin is ORed with the non-maska- 
ble interrupt signal from the PC (set by I/O port) and 
fed back to the NMI pin of the 80188. Thus the timer 
will produce an NMI to the co-processor upon time- 
out. Software can determine the source of the NMI 
by reading the timer status. 



Dynamic RAM 

Up to one megabyte of dynamic RAM may be in- 
stalled on the board. The RAM is divided into four 
banks of 256 Kbytes each. RAM with an access time 
of 1 50 ns or less is used to avoid wait states. This 
RAM is used both for program memory and for data 
buffers. 

All access to the dynamic RAM is controlled by the 
Intel 82C08 dynamic RAM controller chip. The chip 
handles ail RAM refresh and also decodes memory 
accesses to the RAM. 

While one megabyte of dynamic RAM may be in- 
stalled on the board, the top 8 Kbytes of the address 
space is used by the dual port RAM. The RAM con- 
troller is disabled by the programmable chip select 
line UCS when the dual port RAM is accessed. The 
RAM controller is also disabled during an I/O opera- 
tion. 



MUART (Multi-Function Universal 
Asynchronous Receiver-Transmitter) 

The Intel 8256 MUART is a multi-function chip con- 
taining: 

Programmable serial asynchronous communica- 
tions interface 

On-board baud rate generator 

Five 8-bit programmable timer/counters; four can 
be cascaded to form two 16-bit timer/counters 

Two programmable parallel I/O ports 

Eight level interrupt controller 

Programmable system clock 

The MUART appears to the co-processor as 16 
read/write registers selected by programmable chip 
select line PCS2. 

The MUART parallel ports are used to control and 
monitor various system functions. These include: 

Interrupt requests to/from PC host 
Voice channel volume control 
DTMF tone routing 
Microphone muting 

The MUART is also used to provide an asynchro- 
nous serial port. This port is intended to support 
software debug and software or data link diagnos- 
tics. It may also be used as an interface to an asyn- 
chronous terminal for rate adaption to one of the 
ISDN channels. Data rates from 50 to 1 9.2 kb/s can 
be supported. 



PC HOST INTERFACE 

The PC53 interfaces with the host processor 
through the 62-pin card edge-connector. The PC53 
board appears to the main processor as a bank of 8 
read/write I/O locations with switch selectable base 
address. Thus, the PC53 does not use any of the 
available PC memory address space. 

The 8 I/O ports allow the host processor to control 
and monitor various PC53 board functions, and to 
pass data to and from the board. The following func- 
tions are supported: 
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a. PC53 board control 

The main processor can directly control the co- 
processor by writing to the co-processor control 
latch. This is a 6-bit port which directly drives sev- 
eral of the co-processor control lines. The latch is 
cleared by the PC bus reset line. The co-proces- 
sor reset bit in the slave control latch is active low 
so that the co-processor is held in the reset con- 
dition until released by the host processor. The 
slave control latch includes the following func- 
tions: 

Reset PC53 board 

Send NMI to 80188 

Send INT2 request to 80188 

Enable interrupts from 80188 to PC bus 

Enable FIFO address register 1 increment 

Enable FIFO address register 2 increment 

Sense IRQ latch status (interrupt request to 
PC) 

b. Dual-port FIFO control 

The PC processor may transfer data to or from 
the dual port RAM (FIFO) using standard I/O in- 
structions. 

Load FIFO address register 1 or 2 

Clear FIFO address register 1 or 2 

Read or write to high byte of FIFO (no change 
of FIFO addresses) 

Read or write FIFO via address register 1 or 2 
and optionally increment address register 

DUAL-PORT SUBSYSTEM 

To the ISDN 80188 processor, the dual-port RAM 
appears as an 8 Kbyte block of RAM addressed at 
the top 8K of memory. When the dual-port RAM is 
selected, the dynamic RAM controller is disabled. 

To the PC processor, the dual-port RAM appears as 
two I/O locations configured as push/pop queues. 
The actual address accessed is controlled by two 
1 2-bit queue pointers, which can be set by the proc- 
essor as described in the PC Host Interface section. 

Either processor may access the dual-port RAM with 
no wait states if there is no contention. The dual-port 
logic resolves contention by giving access to one 



processor and holding the other processor by as- 
serting a not ready signal. 

The dual-port RAM is used to pass data to and from 
the PC53 for transmission/reception of data, to pass 
commands, and to download code to the PC53 
board during software installation. 



ISDN INTERFACE SUBSYSTEM 

The ISDN interface consists of the Intel 29C53 "S" 
interface transceiver, the Intel 82530 Serial Commu- 
nications Controller, and the 29C48 codec/filter. 



Physical Layer Interface 

The 29C53 Digital Loop Controller provides the layer 
one connection to the "S" interface. It provides ac- 
cess to the two 64 Kb/s B-channels in either serial 
or parallel fashion. Clear access (no protocol pro- 
cessing) is provided for the B-channels. The 29C53 
also provides access to the 16 Kb/s D-channel, and 
provides layer 2 packet framing functions in hard- 
ware, as well as data buffering using FIFOs. 

Line transformers and protection circuitry are includ- 
ed to complete the line interface. Termination resis- 
tors can be installed via jumpers if not included in 
the site wiring. 



B-Channel Processing 

The 82530 Serial Communications Controller is a 
dual port multiprotocol controller which is used to 
provide B-channel protocol support. The 82530 is 
interfaced to the 29C53 serial port (SLD) and can 
access either or both B-channels under processor 
control. 

Hardware support also exists to bit rate adapt 8, 1 6, 
32, 48, and 56 Kb/s data to one of the 64 Kb/s B- 
channels. 



Voice Conversion 

The 29C48 codec/filter is also connected to the 
SLD serial port of the 29C53, and allows one of the 
B-channels to be used for voice transmission. Either 
B-channel can be used. 
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Figure 3. PC53 Board Interfaces 



AUDIO SUBSYSTEM 



The audio subsystem provides for a liandset or 
headset interface for voice capability. The audio 
components include the 29C48 codec/filter, a tone 
generator, digitally controlled potentiometers, and 
an analog switch. 

The 29C48 receives and transmits digitized audio via 
the serial SLD interface to the 29C53. The transmit 
and receive gains can be controlled via the internal 
gain control registers of the 29C48, or by setting the 
digitally controlled potentiometers. The potentiome- 
ters contain non-volatile memory, so they retain their 
settings during power down conditions. 

The tone generator is used to generate DTMF sig- 
nals and to provide signaling tones to the auxiliary 
audio output (speaker). The DTMF tones may be 
routed to the handset earpiece, to the "S" interface, 
or to the speaker. The tone generator allows a vari- 
ety of alerting, or ringing tones to be generated for 
signaling an incoming call to the user. 



The analog switch provides for microphone and ear- 
piece mute functions, and for DTMF tone routing. 



AVAILABLE SOFTWARE 

The PC53 ISDN board Is complemented by the 
ISP188 ISDN software package. ISP188 is sold sep- 
arately by DGM&S and includes a source copy and 
license. With a licensing agreement in place, no roy- 
alties are required for use of ISP188 binary code in 
OEM products. 

ISP188 is a software package specifically designed 
by Intel and DGM&S for use with Intel's ISDN prod- 
ucts. It contains modules that map to the data link 
layer (layer 2) and the network layer (layer 3) of the 
OSI model and is compatible with CCITT's recom- 
mendations 1.440/441, and 1.450/451 for the "S" 
reference point. 
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The 29C53 contained on the PC53 board is compati- 
ble with the physical layer (1.430 or layer 1). Com- 
bined, the 29C53 and ISP188 implement the stan- 
dards now in place for the "S" reference point (lay- 
ers 1 , 2, and 3). Layers 4 through 7 are not specified 
for ISDN and will allow many users to utilize the 
PC53 and ISP188 to meet the ISDN standards but 
still differentiate products by application and custom 
features (Figure 4). 

ISP188 contains device drivers at the physical layer 
for the 29C53, 29C48 and 82530. Modules at layer 2 



support LAPD procedures and will allow multiple in- 
terfaces to the data link layers of the D-channel and 
B-channels. Furthermore, at layer 3, ISP188 sup- 
ports two call references, one per B-channel. This 
implementation supports initiating a call on either B- 
channel with voice or data, answering a call on ei- 
ther B-channel and terminating a call on either B- 
channel by either party (caller or called party hang 
up). Each B-channel operates independently. 

Complete documentation on the ISP188 is con- 
tained in a separate data sheet. 
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Figure 4. OSI Reference Model 
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SPECIFICATIONS 
HOST REQUIREMENTS 

IBM PC, PC/XT, PC/AT, or compatibles 

PROCESSOR 

Intel 80188 operating at 8.192 MHz 

S BUS CONTROLLER 

Intel 29C53 

CODEC/FILTER 

Intel 29C48 

B CHANNEL PROCESSOR 

Intel 82530 

TONE GENERATOR 

PCD 3312 

MEMORY 

RAM Supplied: 512 Kbytes 
Total Capacity: 1 Mbytes 

INTERFACES 

Accessed through end plate: 
TC1— Handset Interface 

4 way modular jack connector 

Carbon type microphone interface 
TC2— "S/T" Interface 

144 Kb/s: two 64 Kb/s B-channels, one 

16 Kb/s D-channel 

CCITT 1.430 compatible 

8 way modular jack connector 



J7 — Switch Hook Interface 

4 way right angle header connector 

Access internal to PC: 

P1 — 62-pin PC bus edge connector 

J2 ~ Auxiliary Serial Port 

50 Kb/s to 1 9.2 Kb/s asynchronous 
RS232 TXD, RXD, CTS and GND signals 
from Intel 8256 
Additional signals: 
Two programmable inputs, one program- 
mable output 

+ 5V, +12V, -12V Power Connections 
10 way header connector 
J1 — SLD bus port 

SLD signals: SLD (Data), SCL (Clock), SDIR 
(direction) 

Other signals: 29C53 P3 and P4, 3.84 MHz 

clock. Vcc. GND 

8 way header connector 

Physical Characteristics 

Width: 13.3 inches (33.78 cm) 
Height: 4.2 inches (10.67 cm) 

Environmental Characteristics 

Temperature: O^'C to 55*'C 

(32Tto 13rF) 

Humidity: 5% to 90% Operating 

5% to 95% Non-Operating 



Power Requirements 

+ 5V ± 5% 1 .5A typ., 2.2A max. 
+ 1 2V ±1 0% 30 mA typ., 60 mA max. 
- 1 2V ±1 0% 30 mA typ., 60 mA max. 



5-66 



inteT 



IDK29C53 
ISDN DEVELOPMENT KIT FOR 29C53 



■ Includes the Following: ■ Compatible for Use with AT&T's 

— Two PC53 ISDN Boards #5ESS* ISDN Switch 

— Executable Copy of ISP188 Software , complete PC Based Support Package 
pacKage ^ ^.^ , ^ for Hardware and Software 

— Executable Copy of NT Simulator 

Based on ISP188 ■ Used for Evaluation, Development and 

— Demonstration Program Prototyping of ISDN Terminal 
—Two Telephone Handsets and Applications 

Cradles B For Use with the IBM PC, XT, 

— All Necessary Cables AT or Compatibles* * 

The ISDN Development Kit for the 29C53 (IDK29C53) contains the necessary hardware and software to 
develop and demonstrate ISDN terminal applications. The user must provide the development environment for 
the kit which requires two PC, XT or AT compatible systems. One system is used as the terminal endpoint (TE) 
where specific applications will be developed and the second system is used to simulate the network termina- 
tor (NT) function and will respond appropriately to the TE's request for service. The minimum requirements for 
a development system are a hard disk, floppy disk drive, and 512 Kbytes of RAM. The minimum requirements 
for an NT system are a floppy disk drive, and 512 Kbytes of RAM. 

IDK29C53 is intended to assist users of Intel ISDN products to investigate and develop applications in a 
productive and time efficient manner. The IDK29C53 supports ISDN terminal applications based on the PC53 
ISDN Board, or those based on the 801 88 microprocessor, 29C53 ISDN transceiver, the 29C48 codec/filter, 
and the 82530 serial communications controller. Additionally, those applications based on the ISP188 ISDN 
software package are supported. 

The PC53 ISDN Board and source version of ISP188 are available for purchase and incorporation into OEM 
products that are developed. Typical applications for ISP188 and/or the PC53 ISDN Board include digital 
telephones, integrated voice/data terminals (IVDT), terminal adapters and ISDN test systems. 
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Functional Description 

The following components are included in the 
IDK29C53 (Figure 1): 

2 PC53 ISDN boards 

1 ISP1 88— TE executable binary system 

1 ISP1 88— NT executable binary system simulator 

2 Carbon microphone telephone handsets & cords 
2 Handset cradles and cords 

1 Eight wire back to back development cable 

2 Eight wire ISDN "S" interface cable 

1 Serial communication cable for debug monitor 
1 Documentation package 



PC53 iSDN Board (Co-Processor) 

The PC53 is a full length intelligent communications 
card used for connection to four-wire ISDN networks 
conforming to the CGITT I series recommendations 
for the 'S' interface. 



The board is designed to run as a slave processor 
board in the PC host system. The co-processor de- 
sign relieves the host processor of many of the com- 
munication functions. The board uses no system 
mempry address space, but rather one block of 
eight I/O ports with switch selectable ba^e address. 

The PC53 ISDN co-processor is implemented using 
the 80188 microprocessor, providing a high integra- 
tion, high performance design. Since the 80188 is 
software compatible with the PC host processor, ap- 
plication software can be developed on the host 
computer. Hardware support is included for down 
loading code from the host system to the on-board 
RAM of the co-processor for execution. 

Physical access to the two B channels and the D 
channel is provided with the 29C53 Digital Loop 
Controller (see Figure 2). Voice conversion from an- 
alog to digital and vice versa is provided by the 
29C48 Feature Control Combo (codec/filter). 
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Figure 2. PC53 Block Diagram 
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The interfaces to the board include the 62 pin card 
edge-connector for connection to the host system 
bus. Communication with the host system is via an 8 
Kbyte dual port RAM (see Figure 3). There is also an 
eight pin ISDN "S" interface, a four pin telephone 
handset interface, a four pin interface for switch 



hook detection, and a ten pin auxiliary serial connec- 
tion used to connect a terminal during the develop- 
ment stage. 

Complete documentation on the PC53 is contained 
in a separate data sheet and user's manual. 
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Figure 3. PC53 Board Interfaces 
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SOFTWARE 

An executable copy of the ISP188, ISDN software 
package for the 80188, is provided in the kit. 

The following "C" functions are provided by the exe- 
cutable code. 

Function 



Function 



Description 



Connect Functions 

isdn-dial: 
isdn-connect: 

isdn-connect-accept: 

isdn-listen: 

isdn-voice-accept: 

Disconnect Functions 

isdn-dlal-disconnect: 
isdn-dlsconnect: 



Description 



make a voice call 
establish a data connec- 
tion 

accept incoming data con- 
nection 

pre-accept incoming data 
connection 

accept incoming voice 
connection 



disconnect voice call 
disconnect data connec- 
tion 



ISP188 is a software package specifically designed 
by Intel and DGM&S for use with Intel's ISDN com- 
ponents and boards. It contains modules that map 
to the data link layer (layer 2) and the network layer 
(layer 3) of the OSI model and is compatible with 
CCITT's recommendations 1.440/441, and 
1.450/451 for the "S" reference point. 

The 29C53 contained on the PC53 board is compati- 
ble with the physical layer (1.430 or layer 1). 
Combined, the 29C53 and ISP188 implement the 
standards now in place for the "S" reference point 
(layers 1 , 2, and 3). Layers 4 through 7 are not speci- 
fied for ISDN and will allow many users to utilize the 
PC53 and ISP188 to meet the ISDN standards but 
still differentiate products by application and custom 
features (see Figure 4). 

ISP188 contains device drivers at the physical layer 
for the 29C53, 29C48 and 82530. Modules at layer 2 
support LAPD procedures and will allow multiple in- 
terfaces to the data link layer of the D-channel and 
the B-channels. Furthermore, at layer 3, ISP188 sup- 
ports two call references, one per B-channel. This 
implementation supports initiating a call on either 
B-channel with voice or data, answering a call on 
either B-channel and terminating a call on either B- 
channel by either party (caller or called party hang 
up). Each B-channel operates independently. 



Data Transmission Functions 

isdn-transmit: transmit data 

Data Reception Functions 

isdn-receive-wait: wait for received data 

isdn-receive-immediate: returns received data if 
available 



Rejection Functions 

isdn-connect-reject: 



reject an 
nection 



incoming con- 



Audio Control Functions 

isdn-audio-vol: adjust audio volume 



isdn-mute-mic: 
isdn-mute-ear: 

Status Functions 

isdn-status: 

isdn-report-to-pc: 
isdn-init: 



mute microphone 
mute earpiece 



returns layer 3 state vari- 
able 

enable/disable error re- 
porting 

initialize isdn subsystem 



Additionally, a version of ISP188 is used to simulate 
switch responses to service requests from the TE. 
The NT simulator is not used to develop applications 
for the NT side of the "S" interface. Rather Its func- 
tion is to support TE application development by 
providing an NT simulator against which to run TE 
applications. This version of ISP188 is only available 
in executable form and is not intended for use in 
OEM products. 

ISP188 is fully supported by DGM&S of Mt. Laurel, 
New Jersey. A source copy of ISP188 that includes 
an OEM license is available as a separate package 
from DGM&S. Complete documentation on ISP188 
is contained in a separate data sheet from Intel. Ad- 
ditional literature is available from DGM&S and their 
address is listed below. 



TELEPHONE HANDSETS 

The telephone handsets are carbon microphone 
type handsets with a modular plug connection. One 
handset is connected by a four pin modular connec- 
tor to each PC53 board. 
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Figure 4. IDK29C53 User Software Interfaces 



HANDSET CRADLES 



The handset cradles are used to hold the handset 
and signal the software the switch hook status; on- 
hook or off-hook. When the handset is lifted from 
the cradle, the off-hook condition is detected and a 
call sequence mode is entered so that a number can 
be dialed from the keyboard to establish a voice call. 
Where there is an incoming call, the off-hook condi- 
tion will stop call alerting (ringing) and allow the call 
request to be connected. 

The cradle is connected to the PC53 board by a four 
pin connector and cable which is supplied. 



DEMONSTRATION CABLE 

The demonstration cable is used to connect the two 
PC53S together back to back. This allows local de- 
velopment and demonstration of communication be- 
tween the two boards located in separate PC sys- 
tems. Two of the four pairs of wires in the cable are 
reversed on one end so that the transmit pair from 



one PC53 board becomes the receive for the other 
board. The cable is connected to the boards by a 
standard eight pin modular plug using the "S" inter- 
face connection on the board. 



ISDN ''S" INTERFACE CABLE 

The "S" interface cable is used to connect the PC53 
board to the ISDN network at the wall outlet. The 
interface cable is four wire pairs and uses a standard 
eight pin modular plug. 



SERIAL COMMUNICATIONS CABLE 

The serial communications cable Is used during the 
development and prototype stage to connect an ex- 
ternal terminal to the PC53 board. This will allow di- 
agnostic information to be displayed (or printed) 
while debugging new applications. 

The connection on the board is a ten pin header on 
the top side of the board. The serial communication 
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cable has a ten pin header connector on one end 
and a DB-25 RS232 async connector on the other. 
Only four pins are current used. 



SOFTWARE LICENSE 

The binary (executable) version does not carry any 
license for incorporation of any part of the supplied 
code into OEM products. The binary (executable) 
versions of the software are supplied for use on the 
PC53 boards supplied in the kit. 

Resale of any part of the ISP88 software requires a 
license from DGM&S. With a licensing agreement in 
place no royalities are required for use of iSP188 
binary code in OEM products. 



DOCUMENTATION 

The following documentation is included with the 
IDK29C53: 

IDK29C53 data sheet 
PC53 data sheet 
PC53 users manual 
ISP188 data sheet 
ISP188 binary users manual 

ORDERING INFORMATION 

Part Number Description 

IDK29C53 29063 ISDN Development Kit in- 
cluding manual 



SUPPORT 

The IDK29053 is comprised of two major compo- 
nents: the PC53 ISDN boards which are sold and 
supported by Intel, and the executable copies of 
ISP188 which are sold and supported by DGM&S. 
The two components are combined in a kit for the 
convenience of the user in purchasing. Your Intel 
representative may be contacted for Information re- 
garding support for either the software or hardware 
portions of the kit. Software support has been estab- 
lished by DGM&S in North America, Japan and 
Europe. 



COMPATIBILITY 

The P053 ISDN board and the ISP188 software 
package have jointly been tested by AT&T and 
found to be fully compatible to AT&T's #5ESS* 
5E4.1 generic program. Further compatibility testing 
for other major central office switches and revised 
versions of the #5ESS are planned. For the latest 
compatibility information please contact DGM&S or 
your Intel representative. 



RELATED PRODUCTS 

Part Number Description 

PC53 PC53 ISDN Board 

TEK29053 29053 Terminal Evaluation Kit In- 
cluding manual 

Part Number Description 

LEK29053 29053 Linecard Evaluation Kit in- 
cluding manual 

Software Products Available from 
DGM&S 

Part Number Description 

ISDNB-TE ISP188 User Binary (Terminal Side) 
ISDNB-NT ISP1 88 User Binary (Network Side) 
ISDNS-PO ISP188 Source with OEM license 

SOFTWARE SUPPORT CONTACT 

DGM&S, Inc., Oommunication Technologies 

1025 Briggs Road 

Mt. Laurel, New Jersey 08054 

(609) 866-1212 Ext. 188 
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LEK29C53 
29C53 LINE CARD EVALUATION KIT 

■ Single Board Evaluation Kit Supporting 
Four 29C53 Transceivers 

■ On-Board Monitor for Access of 29C53 
from a Terminal 

■ Large User Breadboard Area 

The LEK29C53 comes fully assembled, and contains the components necessary for the evaluation of the 
29C53 in linecard applications. The kit allows evaluation of point-to-point as well as multipoint operation of the 
29C53 when used with the 29C53 Terminal Evaluation Kit (TEK29C53). A monitor program, included in a 
preprogrammed ROM, allows the user to access the registers of the 59C53 transceivers, as well as those of 
the 2952 linecard controller, using simple English commands. Access to the monitor is via an RS232C compat- 
ible link, allowing any start-stop terminal or computer system with such a physical interface to be used with the 
LEK29C53. The LEK29C53 includes sockets for four 29C53 transceivers. Two are supplied with the kit. This 
highly flexible kit has been designed to provide a rapid introduction to the 29C53, thereby leading to shorter 
development time and increased productivity. 




■ Comprehensive Users Manual 

■ Line Interface Provided Including Pulse 
Transformer 
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Figure 1. 29C53 Linecard Evaluation Kit 
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FUNCTIONAL DESCRIPTION 



Overview 

The LEK29C53 is a single board evaluation kit which 
contains a linecard controller, 8031 microcontroller, 
ROM including monitor, user RAM, clock generation 
circuitry, and sockets for four 29C53 transceivers 
(two devices supplied). In addition, a large bread- 
board area is provided for implementation of the 
loop interface, and any other custom circuits. The 
LEK29C53 can be used with the TEK29C53 for full 
evaluation of the 29C53 in point-to-point and multi- 
point applications. The LEK29C63 can also be oper- 
ated Independently, with two of the four transceiver 
sockets configurable as loop slaves, allowing evalu- 
ation of S interface performance with just one board. 
A block diagram of the LEK29C53 is given in Figure 
1. 



Software 

A system monitor is provided in the preprogrammed 
EPROM. Simple commands allow access to the reg- 
isters of the 29C53. The monitor also provides for 
the down loading of 8031 HEX code to the onboard 
RAM, which can be operated as program memory 
for testing user code. A sample program is included 
in EPROM and can be run by command from the 
terminal interface. 



User Interface 

The serial port on the 8031 microcontroller is used 
to establish a serial communication link to a terminal 
for interaction with the onboard monitor program. 
This interface can be modified by changing jumpers 
to support standard DTE or DCE configurations. 



Documentation 

The LEK29C53 User's Manual provides a hardware 
description, description of monitor commands, cir- 
cuit diagram, monitor listing and sample program 
listing. A 29C53 Reference Manual is also included 
with the kit. 



SPECIFICATIONS 



Control Processor: 

Intel 8031 microcontroller. 
12 MHz clock rate. 



IMemory 

ROM - Socket accepts JEDEC pinouts to 32K X 8. 

RAM - Socket will accept 8K X 8 static RAM (provid- 
ed), or JEDEC pinouts to 32K X 8 for ROM. 

Clock Generation: 

Selectable 2.048 MHz or 4.096 MHz system clock. 
Provision for external system clock. 
3.84 MHz clock for 29C53. 



Terminal Interface: 

25 pin D type connector. 
300 to 4800 Baud. 



Digital Loop Controller (29CS3): 

Sockets for four Intel iATC 29C53 transceivers. 
All four configured as loop masters, or two as loop 
masters, two as loop slaves. 



Physical and Electrical Characteristics: 

Width: 12 in.(30 cm) 
Height: 1 5/8 in.(4 cm) 
Depth: 7 in.(18 cm) 

Power requirements: 5V ± 5% @ 2.5 A 

± 12V generated onboard by 
a DC to DC converter 

Operating temperature: 10 to 40** C 



ORDERING INFORMATION 

29C53 Linecard Evaluation Kit, including manual — 
LEK29C53 



Related Products: 

29C53 Terminal Evaluation Kit, including manual — 
TEK29C53 
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TEK29C53 
29C53 TERMINAL EVALUATION KIT 



■ Single Board Supports Evaluation of ■ Includes Programmable Combo and 
29C53 Transceiver in Terminal and 82530 for Voice and Data Applications 
Terminal Adapter Applications , Comprehensive User's Manual 

■ Onboard iVIonitor for Access of 29C53 , Large User Breadboard Area 
from a Terminal 

■ Line Interface Provided Including Pulse 
Transformer 

The TEK29C53 comes fully assembled, and contains the components necessary for the evaluation of the 
29C53 in terminal and terminal adapter applications. The kit allows evaluation of point-to-point as well as 
multipoint operation of the 29C53 when used with the 29C53 Linecard Evaluation Kit (LEK29C53). Alternative- 
ly, the TEK29C53 can be configured to communicate directly with other TEK29Q53 kits. A programmable 
combo is supplied with the kit for evaluation of applications supporting voice. A monitor program, included in a 
preprogrammed EPROM, allows the user to access the registers of the 29C53 transceiver using simple 
English commands. Access to the monitor is via an RS232C compatible link, allowing any start-stop terminal 
or computer system with such a physical interface to be used with the TEK29C53. This highly flexible ISDN 
terminal evaluation kit has been designed to provide a rapid introduction to the 29C53, thereby leading to 
shorter development time and increased productivity. 
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FUNCTIONAL DESCRIPTION 



Overview 

The TEK29C53 is a single board evaluation kit which 
contains the 29C53 transceiver, 8031 microcontrol- 
ler, EPROM including monitor, user RAM, clock gen- 
eration circuitry, and 82530 serial communications 
controller. In addition, a large breadboard area is 
provided for implementation of the loop interface, 
phone interface, or any other customer circuits. A 
programmable SLD combo, interfaced through the 
SLD port of the 29C53, provides access to one of 
the B channels of the S interface for applications 
supporting voice. The 82530 communications con- 
troller provides access to the second B channel, 
also via the SLD port of the 29C53, for packet data 
transfers. The second channel of the 82530 can be 
used as an interface to synchronous or asynchro- 
nous terminals. For full evaluation of the 29C53 in 
point-to-point and multipoint applications, the 
LEK29C53 Linecard Evaluation Kit can be used with 
the TEK29C53, or the TEK29C53 can itself be con- 
figured as a loop master for communication with one 
or more other TEK29C53 boards. A block diagram of 
the TEK29C53 is given in Figure 1. 



Software 

A system monitor is provided in the preprogrammed 
EPROM. Simple commands allow access to the reg- 
isters of the 29C53. The 82530 can also be pro- 
grammed using the monitor commands. Additionally, 
the monitor program provides for the down loading 
of 8031 HEX code to the onboard RAM, which can 
be operated as program memory for testing user 
code. A sample program is included in EPROM and 
can be run by command from the terminal interface. 



User Interface 

The serial port on the 8031 microcontroller is used 
to establish a serial communication link to a terminal 
for interaction with the onboard monitor program. 
This interface can be modified by changing jumpers 
to support standard DTE or DCE configurations. 



Documentation 

The TEK29C53 User's Manual provides a hardware 
description, description of monitor commands, cir- 
cuit diagram, monitor listing and sample program 
listing. A 29053 Reference Manual is also included 
with the kit. 

SPECIFICATIONS 
Control Processor: 

Intel 8031 microcontroller. 
12 MHz clock rate. 

iUemory: 

ROM - Socket accepts JEDEC pinouts to 32K X 8. 

RAM - Socket will accept 8K X 8 static RAM (provid- 
ed), or JEDEC pinouts to 32K X 8 for ROM. 

Ciocic Generation: 

3.84 MHz clock for 29C53. 

Terminal Interface for Monitor: 

25 pin D type connector. 
300 to 4800 Baud. 

Serial Data Port: 

25 pin D type connector, user configurable. 

Digital Loop Controller: 

29C53, programmed operation in master or slave 
mode. 

Serial Communications Controller: 

Intel 82530 supporting two serial channels, asyn- 
chronous or synchronous. 
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Feature Control Combo 

Intel 29C48 with additional socket available for the 
Intel 29C50A. 

Physical and Electrical Characteristics: 

Width: 12in.(30 cm) 
Height: 2 in.(5 cm) 
Depth: 7 in.(18 cm) 

Power requirements: 5V ± 5% @ 2.5 A 

-5V, ± 12V generated on- 
board by a DC to DC converter 

Operating temperature: 10 to 40** C 



ORDERING INFORMATION 

29C53 Terminal Evaluation Kit, including manual — 
TEK29C63 

Related Products: 

29C53 Linecard Evaluation Kit, including manual — 
LEK29C53 
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INTRODUCTION 

Presently, the majority of the transmission from the 
telephone to the Central Switching system is analog. 
For this purpose the circuitry interfacing to the twisted 
pair line is optimized to operate between 300 and 3400 
Hz. The essential line interface functions consist of iso- 
lation, over voltage protection, signaling, power feeding 
and a ringing signal insertion. With the advent of ISDN 
(Integrated Services Digital Network) these functions 
have to be reassessed. 

ISDN is implemented with digital transmission from 
the subscriber to the switch, which in turn offers the 
user various data services in addition to the voice serv- 
ice. CCITT has various recommendations for the im- 
plementation of the ISDN network. Of these, 1.430 de- 
tails the basic rate access i.e. the physical communica- 
tions between a terminal and the first level of switching. 
For 1.430, Intel offers a transceiver which is capable of 
operating at either end of the loop, namely the 29C53. 

The 29C53 is a four wire (two for transmit and two for 
receive) transceiver operating over the "S" loop. The 
data transmitted by the 29C53 at the switch and the 
terminal is at a rate of 192 kb/s; the effective data 
throughput is 144 kb/s. This data consists of two bearer 
channels of 64 kb/s each (Bl + B2) and a 16 kb/s D 
channel. The 29C53, additionally, incorporates some 
protocol processing for the D channel. This transceiver 
has four interfaces, namely the microprocessor port, a 
general purpose I/O port, the SLD port and the "S*' 
loop interface. It is the loop interface requirements that 
are addressed by this application note. 

This note will analyze the line interface requirement at 
both the line card and the terminal, and will offer gen- 
eral implementations. These implementations will ad- 
dress power feeding, the protection circuitry, the line 
transformers and power extraction. Throughout this 
brief, the approach has been to present various alter- 
nate concepts which may assist the designer in address- 
ing a specific application. 



LINE INTERFACE 

Both at the line card and the terminal, there is a need to 
provide isolation for the circuitry from the line itselL 
As well as isolation, it is also necessary to protect the 
equipment from any overvoltage conditions on the line. 
Additionally the system may be designed to provide 
phantom power feeding i.e. the switching system deliv- 
ers power to the terminal over the "S" loop. Unlike its 
analog counter part the digital line card does not need 
to send a ringing signal owing to the fact that all signal- 
ing is accommodated via the D channel. 
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Figure 1. Voltage Feeding 



POWER FEEDING 

Figure 1 shows the CCITT recommended technique of 
phantom power feeding as described in section 9 of 
1.430. The current splits evenly between the two sec- 
ondary windings. This in turn produces equal and op- 
posite fluxes in the transformer, that cancel each other 
out, thus preventing the core from saturating. The 
equality of the fluxes in the secondary will depend on 
the longitudinal balance of the transformer and the 
transmission line. 

The scheme shown on Figure 1 may be wasteful of 
power when feeding short lines. One way around this 
would be to have a constant current feed, which will 
make the power consumption independent of the length 
of line. Figure 2 shows such an implementation. 
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Figure 2. Current Feeding 
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One way of reducing the power dissipation over the 
loop is to provide a variable voltage source, instead of 
the traditional fixed voltage. This can be accomplished 
by using a DC to DC converter, or a switching regula- 
tor. The feedback circuit of the switching regulator can 
be used to ensure that the regulator provides just 
enough voltage to maintain a pre-defined feed current 
down any length of line. The DC to DC converter can 
have a built in threshold detector, which would be used 
to release the line in case excessive currents are being 
drawn. 

In the event of mains power loss, it is often required to 
maintain a minimal voice service powered off the line. 
Figure 3 shows the block diagram of a digital tele- 
phone, illustrating the necessary components required 
to maintain a voice service. 




Figure 3. Digital Teiephone 

The 80C51 is a low power microcontroller while the 
29C48 is an SLD compatible combo (codec and filter). 
The gains through the 29C48 can be set externally or 
programmed by the microcontroller via the SLD inter- 
face. The 29C48 is designed to allow insertion of side- 
tone and DTMF (dual tone multi-frequency); both 
these features are presently used to provide feedback to 
the user. 



PROTECTION 

Next, let us examine the question of protection. A tele- 
communication system comprises subscribers linked to- 



gether through the cable plant and a switching net- 
work. The cable plant consists of multiple pairs of 
transmission lines, either suspended on poles, or buried 
in the earth. In either case, transient energy can be cou- 
pled from lightning (or other electromagnetic events) 
and conducted to the switch or the terminal. The other 
major source of transient energy is the commercial AC 
power system, where high currents that accompany 
faults can induce overvoltage in the lines, or the power 
hnes can fall and make contact with the telephone lines. 
The latter is sometimes referred to as a mains or power 
cross. 

It is generally agreed, as shown in Figure 4, that two or 
more levels of protection are required. The primary 
protector is usually placed on the line at a distance 
greater than 25m from the line card. The impedance of 
the line will ensure that the primary protector will op- 
erate first and the secondary protector will not be ex- 
posed to the full surge. If the primary protector is to be 
placed closer to the secondary, then a small resistor can 
be inserted in series with the line between the primary 
and the secondary protector (1). A 5il 3W resistor or a 
positive temperature coefficient resistor may be used. 
During a surge, the voltage drop across the resistor will 
increase allowing the voltage across the primary protec- 
tor to build up thus driving it to conduction. 

The primary protection can be a gas discharge tube, 
such as the General Instrument three terminal 
PMT3-(310). These devices consist of spaced metallic 
gaps enclosed in a combination of gases at low pressure. 
In the event of a surge, the gap breaks down, diverting 
the transient and thus rerouting the energy. These de- 
vices can be operated a number of times and present a 
capacitance of less than 5 pF. Since the templates in 
Figures 10 and 11 of 1.430 specify a low output capaci- 
tance for the terminal and the network terminator, the 
low output capacitance feature of the gas discharge 
tube makes it ideal for ISDN i.e. it will have a minimal 
effect on the line drivers. 

The secondary protection can be provided by Schottky 
diodes chosen for the low voltage drop and capacitance 
across them. The diodes are placed between the power 
supplies and the loop interface pins on the 29C53, thus 
forming a diode bridge across the line. This will ensure 
that the voltage on these pins does not exceed the pow- 
er supplies by more than approximately 300 mV, thus 
fulfilling the specification that the voltage on any pin 
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may not exceed the power supply by more than 500 
mV. The 5V and ground connections to the diodes 
should be as close as possible to the 29C53 power sup- 
ply pins, which in turn should be decoupled by a 0. 1 julF 
capacitor. The capacitor serves a secondary function of 
bypassing surge currents. The particular diodes chosen 
are dependent on the expected surge current, however, 
BATS 5 from Philips used in this appUcation can with- 
stand 200 mA forward current while presenting a maxi- 
mum of 10 pF capacitance across it. The maximum 
current through the diodes can be Umited by placing a 
resistor in series with the diodes and the transformer. 
The value of this resistance can be extracted from the 
transformer design discussion. To further limit the cur- 
rent to the 29C53, the series resistance can be split, 
with part of it on the 29C53 side of the diodes, and part 
of it on the transformer side of the diodes. For the 
receive direction it is possible to replace the diode 
bridge by placing a resistance in series with the 29C53 
receive pins. This series resistance will limit the surge 
current that the 29C53 is exposed to. The value of this 
resistance is limited by the input impedance presented 
by the 29C53 and the loss that can be tolerated in the 
received signal. The receive differential input imped- 



ance of the 29C53 is 100 KH, hence a 10 Kft resistor in 
each arm will reduce the received signal by 17%. 

In case of a mains cross, the loop can be made to self 
recover by using thermal devices such as the positive 
temperature coefficient thermister (PTC). Keystone 
Carbon Company has a range of PTCs specific to tele- 
phone line applications that they refer to as resettable 
fuses. Economic considerations may make this unjusti- 
fiable in which case a fusible resistor or link may be 
used. 

Further protection may be deemed necessary, in which 
case two varistors can be placed across the line close to 
the transformer. The varistor has a volt-current rela- 
tionship similar to a diode i.e. after a specified voltage 
across the varistor is reached, the current through it 
will rise dramatically; thus clamping the voltage to the 
specified level. A typical varistor that may be used as a 
back-up protection is the GE V220MA4B. This device 
typically presents a 21 pF capacitance. 

The ideas discussed thus far are encompassed in Figure 
5 for a minimal component count protection scheme. 
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TERMINAL 



SWITCH 




LX+ 



LX- 



29C53 



LR- 



Figure 5. Protection with l\/linimai Components 



LINE TRANSFORMER 

A transformer is used at both the terminal and the line 
card to provide isolation from the line. A well balanced 
1.430 transformer resolves the issue of DC currents 
since they induce self-cancelling fluxes. Generally 
speaking, a pulse transformer with minimum leakage 
inductance and self capacitance is required. The imped- 
ance templates in 1.430 specify the minimum value of 
the inductance required at the line side. This value can 
be calculated to be 20 mH. A further requirement is to 
minimize the winding resistance, so that a minimal 
voltage is dropped across it. A 2.5:1 ratio transformer 
can be used with the 29C53 to produce the proper pulse 
amplitude. The transformer design discussed below can 
be used with the 29C53 at either the line card or the 
terminal. Alternatively it can be used for example pur- 
poses to aid designs. 

The RM series of ferrite cores are chosen to facilitate 
easy winding and PCB mounting, additionally the RM 
series is available internationally from various vendors - 
Ferroxcube in the U.S. and MuUard in Europe, to name 
two. The RM6 core was selected to be the smallest size 
that accommodates wiring which does not exceed the 
maximum allowable DC resistance. The core material 
has to have a high enough permeability to allow the 20 
mH inductance with a minimum number of turns 
hence, the Ferroxcube core material 3E2A was select- 
ed. This material has a very high inductance factor, Al. 
This is given by the manufacturer as the inductance (in 
mH) per 1000 turns. 



For the core RM6PL00-3E2A 

Al = 6710 ± 25% 
Therefore minimum 

Al = 5032 s 5000 

The number of turns, Ns, required for 20 mH is given 
by: 

Ns = 103 VL/Al L - required inductance in mH 
Ns = 70 turns - assume 25 mH is required 

The 29C53 side winding will require 2.5 times this 
number of turns. 

Np = 175 turns 

The transformer is now ready to be wound, the 32 
gauge wire will just fill the RM6PCB1 bobbin. The 
bobbin is started by bifilar winding the 175 turns. Bifi- 
lar winding is accomplished by taking two separate 
pieces of wire and winding them simultaneously. The 
finish of one winding is then soldered to the start of the 
other and often, as is the case in this implementation, 
the point of connection of the two wires (center tap) is 
brought out to a pin of the transformer. The remaining 
ends (start and finish) now comprise the winding. The 
transformer is now followed by IVi layers of insulating 
tape. The insulating tape used was the Permacel P-256 
which forms a dielectric capable of withstanding 5 KV, 
this serves to protect the line card and the subscribers 
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from lightning induced surges. The 70 turns are then 
bifilar wound; this results in a well balanced transform- 
er. The start of one winding should be connected to the 
finish of the other and brought out to a pin, thus creat- 
ing a center tap on the line winding. The transformer is 
then finished with IVi layer of insulating tape. The 
transformer thus designed gave satisfactory results in 
the lab and is characterized by the following: 

Secondary inductance Ls = 26 mH 

Secondary leakage inductance Is = 20 jnH 

Secondary winding resistance Rs = 1 .5ft 

Primary winding resistance Rp = 2.7ft 

The capacitance between the two bifilar windings was 
measured to be 100 pF and this may be too high for 
certain applications. For this case the bifilar winding 
can be replaced by the cross winding technique shown 
in Figure 6a. The two windings are now wound in op- 
posite directions, one wire is on top on the top side 
while the other is on top on the bottom side. This tech- 
nique reduced the above mentioned capacitance to less 
than 50 pF. 



larger core will make it possible to use a thicker wire. 
Both of these factors will contribute to reduce the wind- 
ing resistance, hence a larger value diode protection re- 
sistor may be used. Alternatively, the transformer turns 
ratio can be decreased so that the output voltage is in- 
creased and hence more of it can be dropped across the 
series resistance. This in turn means that the value of 
this protection resistor can be increased. However, note 
that the 29C53 is only capable of driving loads greater 
than 200n. If a turns ratio of 1.8:1 is used then the 
overall series resistance can be 64fl. This also increases 
the output impedance to 20n while transmitting a 
pulse. As discussed earlier this resistor can be larger on 
the 29C53 receive pins. 

Some estabUshments may require further line isolation 
from the transformer in which case a Faraday shield 
can be placed in between the primary and the second- 
ary windings. The Faraday shield can be made by 
wrapping 1 Vi layers of a copper tape (such as the per- 
macel P-389) between the two windings. The copper 
tape should be insulated from the windings and should 
be brought out to the local ground. As well as isolating, 
the Faraday shield also serves to reduce the interwind- 
ing capacitance. 
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Figure 6a. Crosswinding 

The 29C53 has been designed to drive voltages as speci- 
fied in the 1.430, since the transformer presents a series 
resistance, some of this voltage will be dropped across 
it. For the transformer designed above, the overall se- 
ries resistance is (2.7 + 1.5*6.25) = 12(1 which will 
result in a 3.8% error over the allowed peak transmit 
signal in 1.430. This is acceptable as 1.430 allows a 10% 
error for the peak voltage. If series resistors are re- 
quired to protect the Schottky diodes, their value may 
be calculated by having the maximum allowed peak 
voltage error. Note that equal value resistors should be 
placed on both arms of the line. If larger values of pro- 
tection resistors are required, the above procedure may 
be repeated with a larger core. This will allow the same 
inductance to be achieved with a fewer turns and the 



The transformer designed was connected up as shown 
in Figure 6b to measure its longitudinal balance. 



250 OHM 50 OHM 10.02% 




2.5:1 50 OHM ±0.02% 
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Figure 6b. Longitudinal Baiance 

Let V = vi/2.5 

Then longitudinal balance is given by: 20 Log V/Vo 

Measurements conducted showed this figure to be bet- 
ter than 70 dB for the frequency range of 10 KHz to 1 
MHz. 

The center tap on the primary (29C53 side) is coupled 
to ground via a 10 nF capacitor. In this manner longi- 
tudinal signals on the primary are bypassed to ground. 
Measurements produced greater than 70 dB of longitu- 
dinal signal rejection. 
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When designing the System board, special care should 
be paid to the layout. The transformer and the 29C53 
should both be placed on a ground plane. The connect- 
ing tracks from the 29C53 to the transformer should be 
as short as possible. The two devices should be placed 
close to the edge where the transmission lines interface, 
while the high frequency logic should be placed on the 
opposite edge. The analog ground wiring should follow 
a star configuration and should have a separate isolated 
lead originating from the system ground where it enters 
the board. 

Though the analysis of pulse transformers is beyond the 
scope of this brief (2), one should be aware of the perti- 
nent parameters affecting the good reproduction of the 
pulse. The pulse transformer is generally analyzed by 
different equivalent circuits, depicting the varying phas- 
es of the pulse. 

Figure 7 shows these circuits. The pulse shape is then 
optimized by considering the transient response of the 
equivalent circuits. 

The pulse response of the transformer is characterized 
by a finite rise time, a decaying top period and finite fall 
time as depicted in Figure Id. The fastest rise time that 



can be obtained without overshoot is for the critically 
damped case and is given by: 

tr = 3.35 VoLc where a = Rl / (Rg + Rl) 

For the top period, there will be some decay leading to 
a fractional droop, this is given by: 

Lp 

D s 7 — where t = pulse width 

R = Rl and Rg In parallel 

The fall period is characterized by the second order 
circuit of Figure 7c; the primary concern here to pre- 
vent severe undershoot or backswing when the 29C53 
transmitter is in the high impedance mode. This can 
best be achieved by having an overdamped system, 
which is the case when: 

Lp > 4CRl2 

Commercially available pulse transformers exist which 
are compatible with the 29C53. Some examples are giv- 
en in Table 1. Most manufacturers will modify their 
design to meet the requirements of a particular appUca- 
tion. 







Rg L 









Rl - Load Impedance 
c - Shunt capacitance 
L - Leakage inductance 
Lp - Primary inductance 




b)TOP AND DECAY PERIOD 



LpK C=Z Rl 



d) PULSE RESPONSE 



c)FALL PERIOD 
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Figure 7. (a) Equivalent Circuits for Rise Period 
(b) Top and Decay Period (c) Fail Period (d) The Pulse Response 
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TABLE 1. Manufacturers of Pulse Transformers 



Manufacturer 


Location 


Winding Ratio 


Part No. 


AIE Magnetics 


St. Petersburg, FL 


1.8:1 


325-0228 




(813) 347-2181 


2.5:1 


325-0172 


Schott Corporation 


Nashville, IN 


1.8:1 


11207 




(615) 889-8800 


2.5:1 


11124 


CTM Magnetics 


Tempe, AZ 


1.8:1 


22087 




(602) 967-9447 


2.5:1 


25585 


Pulse Engineering 


San Diego, CA 


1.8:1 


64994 




(619) 268-2400 


2.5:1 


64996 



POWER EXTRACTION 

The same transformer can be used at both the line card 
and the terminal, and the same protection scheme can 
be used at both ends of the loop. The need now arises to 
provide power to the terminal. There are a number of 
ways of providing power to the terminal, for instance a 
secondary cell can be used as battery back-up in con- 
junction with a main supply. There is also some scope 
for trickle charging secondary cells from the Une or 
from a small solar cell array, but the drawback with 
secondary cells tends to be their short life span. This 
disadvantage can be offset by using special purpose pri- 
mary cells as a back-up supply, these do not need any 
charging circuitry and can be expected to have life ex- 
pectancy twice that of the secondary cells. Finally, the 
power can be fed from the switch, in which case a regu- 
lator is required at the terminal to extract the power off 
the hne. Figure 8 illustrates this approach. 



TERMINAL SWITCH 




+5V 
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A DC to DC converter is required to convert the line 
voltage to 5V for the local circuitry. In order to obtain 
the lowest losses in the conversion process, it is neces- 
sary to use a high efficiency regulator, specifically, a 
switched mode regulator. Basically, there are three 
types of switched mode power supplies, the forward, 
the push pull and the flyback converter (3). This sec- 
tion is devoted to the flyback implementation of a DC 
to DC converter. The flyback is the most suitable con- 
verter for this application, as it provides the highest 
achievable efficiency and the simplest drive circuitry. 
Figure 9 shows a block diagram of a flyback converter. 



LINE 




OSCILLATOR 
















>* 
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Figure 9. Flyback Converter 



Figure 8. Power Extraction 
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In the flyback inductor, energy is inductively stored 
during the switch on period, and then passed to the 
load during the switch off, or the flyback period. Dur- 
ing the switch on period, the output diode does not 
conduct so that the energy in the choke (although ap- 
pearing a transformer, this element will be referred 
to as the choke in accordance with its function) builds 
up with rising current. While the switch is off the choke 
voltage reverses in polarity causing the output diode to 
conduct whereupon the inductive energy is discharged 
into the output capacitor to form a DC voltage. Regula- 
tion is achieved by modulating the oscillator duty cycle, 
which effectively varies the switch on/off periods. In 
Figure 9 the diode bridge ensures the correct polarity 
for the converter while the opto-isolator completes the 
input to output isolation. 

Figure 10 shows a discrete circuit implementation of a 
DC to DC converter. This circuit was designed to regu- 
late a 5V output for 20-60V input voltage. This imple- 
mentation provides a maximum power of at least 450 
mW. The DC to DC converter consists of an oscillator, 
a pulse width modulator incorporating an error ampH- 
fier and isolating stage, the start up circuitry and the 
flyback converter. When T5 is on, the choke stores en- 
ergy and reverse biases diodes D8, D9 and DIO. While 
T5 is off, the choke voltage is negative, hence diodes 
D8, 9 and 10 are all forward biased and thus build a 
DC voltage on their respective capacitors. Note that 
due to the reverse winding technique, the voltage in the 
output windings are opposite in polarity to the switch 
winding. The 5V output is regulated by comparing it to 
a reference voltage, the error in the comparison is then 
used to modify the transistor T5 on time in such a way 
so as to keep the 5V output constant. 

The diode bridge D1-D4 ensures a certain polarity of 
the DC voltage for the converter,, this is necessary in 
case the network uses polarity reversal for signaling. 
The decoupling capacitor CI serves a secondary func- 
tion of bypassing any induced surge current. One half 
of the Schmitt NAND gate CD4093 is used to form a 
25 KHz oscillator. 



current. The current through the regulating diode is 
proportional to the voltage difference between the out- 
put and the reference. This device is available from 
Texas Instruments and Motorola amongst others. Fig- 
ure 1 1 illustrates its function. 




Figure 11. Regulator 

For the regulator diode, the output voltage is given by: 

Vout = (1 + Rio /Rg) Vref 
where Vref Is typically 2.5V. 
If Rio = Rg 
then Vout = 5V 

The current through the regulating diode will increase 
or decrease with a respective change in the output volt- 
age. This change in current is coupled to the output of 
the oscillator through the opto-isolator. The opto-isola- 
tor used is a Hewlett Packard 6N139, which has Dar- 
lington transistor stage providing high current gain that 
results in a lower power dissipation in the opto-isolator. 
The current through the isolator differentiates the out- 
put of the oscillator through capacitor C3. This differ- 
entiated signal is then squared off to define the switch- 
ing transistor T5 on period. T5 is an IRFDllO MOS- 
FET and is available from International Rectifier. The 
isolator current and hence the output voltage control 
the amount of differentiation or the transistor T5 on 
period as illustrated in Figure 12. Thus regulation is 
achieved, as the on period is reduced with increasing 
output voltage and vice versa. 



At the output, the opto-isolator in conjunction with the 
regulating diode TL431 is used to generate an error 



OSCILLATOR OUTPUT 



TO T5 



Figure 12. Pulse Width i^oduiation 
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The two transistors T2 and T3 provide a low source 
impedance driving stage for the switching transistor. 
The fast current sinking and sourcing will ensure fast 
switching of transistor T5. 

The input capacitance of the MOSFET IRFDllO is a 
maximum of 200 pF. Without the buffer stage the 
MOSFET will stay in the linear region longer before 
saturating, thus resulting in a slower switching speed. 
The slow switching in turn will result in a lower overall 
efficiency for the converter. 

The resistor R6 and transistor T4 provide current over- 
load protection. Transistor T4 will conduct when the 
voltage across R6 exceed 0.6V or conversely, the cur- 
rent through it is greater than 150 mA. With T4 con- 
ducting, the drive to the MOSFET is nulled by the 
associated NAND gate. 

The transformer choke is a three winding transformer 
consisting of the switching winding, the output wind- 
ing, which is split for the + 5V and — 5V and the self- 
bias winding. The transformer is designed for complete 
energy transfer under no load conditions and incom- 
plete energy transfer under full load conditions. Figure 
13 shows the wave forms of the two modes. 



At full load, the incomplete energy transfer mode ex- 
hibits a lower peak switching transistor current, while 
the complete mode at lower power assures a smaller 
core. The inductance required to achieve this is 6.5 mH 
for the switch winding. The core used was an 
RM6CA400-3B7. The number of turns required to 
achieve this inductance is 130 and for a 20-60V line 
voltage, 505 turns are required for a + 5V output, hence 
use 50 turns for the— 5V too. The self bias winding uses 
70 turns. The transformer was wound with 130 turns of 
34AWG, followed by 50 bifilar turns of 32AWG and 
finished off with 70 turns of 32AWG. The dot scheme 
in Figure 10 should be adhered to. The bobbin is then 
immersed in varnish such as the Dolph*s BC356 to dis- 
pel any moisture and to provide a protective coating. 
Alternatively, a commercially available DC to DC con- 
verter transformer such as the 326-0533 can be pur- 
chased from AIE Magnetics. 

At start up, the converter is powered by the linear regu- 
lator D5, Rl and Tl, which sets the power supply at 
5.3V. After start up the self bias winding forces the 
voltage on C4 to be between 7 and 15 volts, which will 
back bias diode D6, thus turning off the linear regula- 
tor. Under this condition the power supply provides a 
self bias voltage to keep it running, while little power is 
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Figure 13. (a) Current Voltage Waveforms for Complete Energy Transfer 
(b) Waveforms for incomplete Energy Transfer 
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Figure 14. Converter Oscillograms 



dissipated in the start up regulator. Transistor Tl is se- 
lected so that the base-collector can sustain the high 
voltage stress when it is off. The — 5 V supply will only 
be regulated if the load on that winding is the same as 
that on the + 5V winding. If this is not possible, it may 
be necessary to use a linear post regulator to obtain a 
regulated — 5 V supply. 

Figure 14 shows the volt-current oscillograms for a 30V 
line voltage and 400 mW output power. This shows the 
flyback converter working in the incomplete energy 
transfer mode. The results obtained in the lab gave an 
overall efficiency of better than 67% and a power sup- 
ply ripple of less than 25 mV. The no load power con- 
sumption was less than 50 mW. Regulation of the out- 
put voltage was better than 150 mV. 

The design was wire wrapped to illustrate the concept 
of power extraction and can of course, be optimized for 
better performance. Special care should be paid to the 
layout; Figure 15 shows good layout principles. Use 
star ground connections to avoid current loops in the 
ground. 

All lead lengths going to the switching MOSFET 
should be minimized and in particular the gate lead. 
The resistor in series with the MOSFET should be 



placed as close to the gate lead as possible. These pre- 
cautions will avoid undesired oscillations in the MOS- 
FET. The output stage uses Schottky diode and low 
ESR capacitors to reduce power dissipation. In the 
event of any undesired EMI radiation the transformer 
can be placed in an electromagnetic container and the 
converter can be enclosed in a copper container. 
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Figure 15. Good Layout Principles 



5-89 



AP-282 



POWER FAILURE CONSIDERATIONS 

Without power the Une interface pins of the 29C53 ap- 
pear as diode drops across the Hne. This means that the 
transmitter of the Network Terminator and the pow- 
ered on terminals in a multidrop configuration will be 
terminated by a diode instead of the usual SOfl. In the 
event of a failure, it therefore becomes necessary to iso- 
late the offending terminal from the line. This can be 
done by providing a switch in the transmit path that is 
normally closed and opens when no power is applied. 




270209-18 

Figure 16. Isolation of Equipment in 
Case of Power Failure 

In the receive path, it is only necessary to increase the 
impedance seen by the line. One way to implement this 
principle is to use a MOSFET bilateral switch in the 
transmit path and to place series resistors in the receive 
path, such that the impedance seen by the line is greater 
than 2500n. Figure 16 illustrates this approach. A 
noteworthy point is that the series resistors in the re- 
ceive path not only provide terminal isolation in case of 
failure but also protect the terminal from current 
surges. 



When there is power, the two MOSFETS will be on 
and appear as a small on resistance, which has to be 
included in the line transformer design analysis. When 
there is, no power, the MOSFETS appear as back to 
back diodes, thus "stopping any AC flow. The VN0300 
MOSFETS manufactured by Siliconix may be used, 
when on they present a h2il resistance each. Note that 
in order to ensure that the MOSFETS conduct it is 
necessary to have a lOV supply in the system. If this is 
not possible the MOSFETS can be replaced by a Reed 
relay which presents a lower on resistance and capaci- 
tance but has the disadvantage of consuming more 
power. A low power relay could not be located hence a 
vendor was requested to customize one. Figure 17 
shows the isolation technique using the Wabash 
1992-2-1 25 mW relay which will operate at 3.8V and 
release at 0.5V. 




Figure 17. Power Failure isolation 
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CONCLUSION 

Specific implementations have been provided for the 
general aspects of line interfacing at both the line card 
and the terminal end. These solutions can be taken as 
they are and placed in the particular application or 
used to aid a system design. 

The fixed voltage or constant current feed are both sim- 
pler and more economical to realize in discrete form; 
however the constant current variable voltage scheme 
may be more suitable in an integrated form. The power 
converter discussed was based on a low cost simple im- 
plementation and it is certainly possible to optimize it 
to obtain conversion efficiencies in the 75% range. As 
an alternative to discrete implementations, a low power 
switch mode power supply is commercially available 
from Fairchild and Motorola, to name two. 



The protection circuits and the transformer, however, 
can only be provided in discrete form at the present 
time. The concepts presented in the protection section 
emphasized low capacitance and maximum protection. 
The section took an overkill approach and as such a 
subset of the discussed ideas should suffice most appli- 
cations. The transformer designed pointed out the rele- 
vant parameters to consider and can be used as it is or 
modified to the particular application. Of course the 
ISDN transformer is also commercially available. 
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TERMINAL ADAPTOR (TA) 



A terminal adaptor, or "TA", is the link between exist- 
ing non-ISDN equipment like terminals, facsimile, 
printers and the ISDN network. The function of this 
application is to effectively replace equipment such as a 
modem. Usually provided as a separate box, it process- 
es RS232 or X.21 data and places it on the 4 wire *S' 
loop. No change at the terminal is required to make it 
ISDN compatible. 

The design is based on a 29C53 transceiver for the 
ISDN connection and an 80188 microprocessor in com- 
bination with an 82530 communications controller for 
the data connection. Benefits of the application are: 

• Data rates up to 19.2 Kb/s using an RS232 interface 
or up to 48 Kb/s using an X.21 interface. 

• Compact design and low cost. 

• Virtually error free transmission. 



Link Setup 

The user sets up a call in the same manner as a Hayes* 
modem user does, i.e. a command is transferred to the 
adaptor via the RS232 interface. The command takes 
the form of an ASCII string in which the first 2 charac- 
ters are "AT". 

The 80188 accepts the command and begins the call 
setup procedure by communicating the call's destina- 
tion to the NT (or CO). This is achieved by passing call 
setup messages to a link level protocol, which is passed 
to the NT over the physical level (S bus). The partition- 
ing of the tasks is as follows: 

82530 

Full duplex, dual channel serial communications con- 
troller capable of working in asynchronous, bit or byte 
synchronous modes. The 82530 receives commands 
from the terminal's RS232 or X.21 interface and passes 
them on to the 80188. 



80188 

After having received the dialing information from the 
keyboard, the 80188 sets up the call via the 29C53 D- 
channel by sending the appropriate CCITT message up 
the link. 

• Call setup message generation (CCITT 1.451). 

* Hayes is a registered trademark of Hayes Microcomputer 
Products, Inc. 



• Upper portion of hnk access procedure (CCITT 
1.440) handhng: 

— Multiple logic channels 

— Sequence control 

— Error correction (retransmission) 

— Flow control 

EPLD 

• Interface conversion, serial to/from SLD 

• B-channel assignment 

29C53 

• Physical level interface (CCITT 1.430) 

• Lower portion of the link access procedure: 

— Zero insertion/deletion 

— CRC generation and checking 

— Flag appending and detection 

• D-channel message buffering 

The 80188 passes the information for the D-channel 
messages via the parallel bus into the FIFO's of the 
29C53. 

The NT grants a B-channel (if available) to the TA and 
the channel is now ready for data transfer. 



Data Transfer 

An indication is given to the user's terminal via the 
RS232 or X.21 port that communication may com- 
mence. Any subsequent data, from the terminal, is 
treated as follows: 

Data from the terminal passes via the 82530 to RAM 
via one of the 80188 DMA channels. 

The 80188 fetches the data from RAM, depacketizes 
and packetizes it before sending it back to the 82530 
where a protective HDLC protocol is added. 

From the 82530 the data reaches the EPLD to be in- 
serted into the Bl or B2 channel on the SLD bus. The 
29C53 sends it out over the "S" interface. 
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Figure 1. Terminal Adaptor 



5-94 



AB-400 



ISDN PHONE WITH BUILT IN TERMINAL ADAPTOR (TA) 



Figure 2 shows the concept of an ISDN phone with 
hookup to standard sync/async terminals. No change 
at the terminal is required to make it ISDN compatible. 

The design is based on a 29C53 transceiver for the 
ISDN connection, a 29C48 combo for the voice connec- 
tion and an 80188 microprocessor in combination with 
an 82530 communications controller for the data con- 
nection. Benefits of the application are: 

• Data rates up to 19.2 kb/s using an RS232 interface 
or up to 48 kb/s using an X.21 interface. 

• Compact design and low cost. 

• Virtually error free transmission. 



Link Setup 

Applies both for speech and datsi links. The 80188 ac- 
cepts the command and begins the call setup procedure 
by communicating the call's destination to the NT (or 
CO). This is achieved by passing call setup messages to 
a Unk level protocol, which is passed to the NT over the 
physical level (S-bus). The partitioning of the tasks is as 
follows: 

8279 

The 8279 keyboard and display controller scans the tel- 
ephone number pad and supports a small telephone dis- 
play. Calls are initiated either through the terminal 
keyboard using an extended Hayes Smart Modem com- 
mand set or via the telephone number pad. 

82530 

Full duplex, dual channel serial communications con- 
troller capable of working in asynchronous, bit or byte 
synchronous modes. The 82530 receives commands 
from the terminal's RS232 or X.21 interface and passes 
them on to the 80188. 

80188 

After having received the dialing information from ei- 
ther keyboard, the 80188 sets up the call via the 29C53 
D-channel by sending the appropriate message up the 
link. 

• Call setup message generation (CCITT 1.451) 

• Upper portion of link access procedure (CCITT 
1.440) handUng: 

— Multiple logic channels 

— Sequence control 



— Error correction (retransmission) 

— Flow control 



EPLD 

• Interface conversion, serial to/from SLD 

• B-channel assignment 

29C53 

• Physical level interface (CCITT 1.430) 

• Lower portion of the link access procedure: 

— Zero insertion/deletion 

— CRC generation and checking 

— Flag appending and detection 

• D-channel message buffering 

The 80188 passes the information for the D-channel 
messages via the parallel bus into the FIFO's of the 
29C53. 

The NT grants a B-channel (if available) to the TA and 
the channel is now ready for data transfer. 



Information Transfer 

VOICE 

The voice transfer is supported by the 29C48 which 
transmits the voice on either the Bl or B2 channel 
(controlled by the EPLD) into the 29C53 and onward 
to the S-bus. 



DATA 

An indication is given to the user's terminal via the 
RS232 or X.21 port that communication may com- 
mence. Any subsequent data, from the terminal, is 
treated as follows: 

Data from the terminal passes via the 82530 to RAM 
via one of the 80188 DMA channels. 

The 80188 fetches the data from RAM, depacketizes 
and packetizes it before sending it back to the 82530 
where a protective HDLC protocol is added. 

From the 82530, the data reaches the EPLD to be in- 
serted into the Bl or B2 channel on the SLD bus. The 
29C53 sends it out over the "S" interface. 
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Figure 2. ISDN Phone With Buiit In Terminal Adaptor 
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PERSONAL COMPUTER INTERFACE 



Like the terminal adaptor, the ISDN PC adaptor 
provides a hnk to the ISDN network. The ISDN Co- 
Processor shown in Figure 3 implements the hardware 
functions required to support the CCITT I-series "S" 
interface. 

The ISDN Co-Processor is using the 80188 microproc- 
essor in combination with an 82530 serial communica- 
tions controller for data processing, dual port RAM as 
interface and buffer to the host bus, the 29C48 Codec/ 
filter for voice support and the 29C53 transceiver for 
the ISDN connection. 

The ISP 188 ISDN Software Package is optimized for 
this hardware configuration. 



29C48 

Voice conversion and interface to the four wire handset 
is performed by this software programmable integrated 
Codec/filter combo. Designed for ISDN terminal ap- 
plications it offers programmable gain in transmit and 
receive direction for user loudness control and adapta- 
tion to local network requirements as well as sidetone 
insertion and tone injection for locally produced feed- 
back signals. 

The 29C48 can access either Bl or B2 channel by set- 
ting the B Sel pin accordingly. 

29053 



Co-Processor 

The PC adaptor is an intelligent communications sub- 
system designed to function as a slave processor board 
in the PC. This relieves the host processor of much of 
the communications function. 



82530 

Full duplex, dual channel serial communications con- 
troller. One of the two channels is attached to either of 
the B channels and operates at 64 kb/s. The second 
channel is available to external datacom equipment via 
an optional serial port, or for connection to the second 
B channel. 



"S" bus transceiver and D channel controller in a single 
chip. The 29C53 provides the physical level interface to 
the "S" bus in accordance to CCITT 1.430 and the 
lower portion of the link access protocol. Activation, 
deactivation, zero insertion/deletion, CRC generation 
and checking and flag appending and detection are per- 
formed by the 29C53, the higher level portions of 
LABD are executed on the 80188 and passed on to the 
29C53 via the parallel bus into the FIFO's. 

B channel access is via the SLD serial port. Voice sig- 
nals are directly passed on to the 29C48. Data is 
extracted and injected by the EPLD (Erasable, Pro- 
grammable Logic Device) which performs the B chan- 
nel assignment and the interface conversion to the 
82530. 
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Figure 3. Personal Computer Interface 
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Figure 4. Full Feature ISDN Line Card 



The addition of ISDN line cards to a PABX provides 
the user with access to the ISDN network. While the 
analog line card provides access for standard telephone 
as well as for modems, ISDN terminal adaptors, termi- 
nals and phones are connected to the ISDN line card 
via a 4 wire *S' loop. The described application provides 
all functions to separate voice and switched data (B- 
channels) from signaling and packetized data (D-chan- 
nel). 

The 29C53 and 80188 together handle the processing of 
D-channel protocols and messages as follows: 

1. The 29C53 executes all bit level HDLC processing, 
puts the "raw" messages into its FIFO and raises the 
interrupt signal. 

2. A special status register in the 29C53s allows the 
80188, through a single status read operation, to de- 
termine which of the 29C53s is requiring interrupt 
servicing, i.e. has D-channel messages(s) in its FIFO. 

3. The 80188 accesses the FIFO concerned and the 
data is transferred to RAM. 



4. The 80188 determines whether the data is for signal- 
ing (S-packet) or is a message to be sent out over the 
packet (P-packet) switched network. 

Signaling information can be processed locally or 
sent via the linecard controller. 

If the data is of "P" type, meant for the packet 
switched network, it is DMA'd into the 82530 serial 
communications controller which performs the nec- 
essary HDLC transmission, again without any CPU 
involvement. 

5. The 80188 software is responsible for sending out 
acknowledgements for received messages from the 
29C53's D-channel and can thus support large win- 
dow sizes. 

B-channel information is directly passed from the "S" 
loop over the 29C53 and line card controller to the 
switch backplan6. 

For transmission in the opposite direction, the proce- 
dure is equivalent to the one described above. 
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OTHER AVAILABLE TELECOM LITERATURE 

Title Order Number 

29C53 Reference Manual 2701 51 -001 

29C53 Line Card Evaluation Kit 
(LEK) Manual 

29C53 Terminal Evaluation Kit 
(TEK) Manual 

ISP188 

ISDN Software Package 2901 49-001 

for the 80188 

IDK29C53 
ISDN Development Kit for 29C53 

PC53 ISDN Board 
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PCMCodec/Filter Q 
and Combo 



2910A 
PCM CODEC - inLAW 
8-BIT COMPANDED A/D AND D/A CONVERTER 



Per Channel, Single Chip Codec 

CCiTT G711 and G712 Compatible, ATT 
T1 Compatible with 8th Bit Signaling 

Microcomputer Interface with On-Chip 
Timeslot Computation 

Simple Direct i^lode Interface When 
Fixed Timeslots are Used 

±5% Power Supplies: +12V, +5V, -5V 



78dB Dynamic Range, with Resolution 
Equivalent to 12-Bit Linear Conversion 
Around Zero 

Precision On-Chip Voltage Reference 

Low Power Consumption 230 mW Typ. 
Standby Power 33mW Typ. 

Fabricated with Reliable N-Channel 
MOS Process 



The Intel 291 OA is a fully Integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with 
N-channel silicon gate technology. The high density of integration allows the sample and hold circuits, the 
digital-to-analog converter, the comparator and the successive approximation register to be integrated on the 
same chip, along with the logic necessary to interface a full duplex PCM link and provide in-band signaling. 

The primary applications are in telephone systems: 

• Transmission — T1 Carrier 

• Switching —Digital PBX's and Central Office Switching Systems 

• Concentration — Subscriber Carrier/Concentrators 

The wide dynamic range of the 291 OA (78dB) and the minimal conversion time (SOjuisec minimum) make it an 
ideal product for other applications, like: 

• Date Acquisition • Telemetry • Secure Communications Systems • Signal Processing Systems 
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Pin Descriptfon 



Pin No. 


Symbol 


Function 


Description 


1 


CAPIx 


Hold 


Connections for the transmit holding capacitor. Refer to 
Applications section. 


2 


CAP2x 


q 
o 


\/F\/ 


Input 


Mrieiioy inpui lo oe enuouou inio a r oivi woru. i rie siynai on inis 
lead is sampled at the same rate as the transmit frame 
synchronization pulse FSx, and the sample value is held in the 
external capacitor connected to the CAP1 x and CAP2x leads 
until the encoding process is completed. 


4 


AUTO 


Output 


Most significant bit of the encoded PCM word (+ 5V for negative, 
-5V for positive inputs). Refer to the Codec Applications 
section. 


5 


GRDA 


Ground 


Analog return common to the transmit and receive analog 
circuits. Not connected to GRDD internally. 


6 


SIGr 


Output 


Signaling output. SIGr is updated with the 8th bit of the receive 
PCM word on signaling frames, and is latched between two 
signaling frames. TTL interface. 


7 


Vdd 


Power 


+ 1 2V ± 5%; referenced to GRDA. 


8 


Dr 


Input 


Receive PCM highway (serial bus) interface. The Codec serially 
receives a PCM word (8 bits) through this lead at the proper time 
defined by FSr, CLKr, Dq, and CLKc. 


9 


PDN 


Output 


Active high when Codec is in the power down state. Open drain 
output. 


10 


VFr 


Output 


Analog output. The voltage present on VFr is the decoded value 
of the PCM word received on lead Dr. This value is held 
constant between two conversions. 


11 


NC 


No 

Connects 


Recommended practice is to strap these NC's to GRDA. 


12 


NC 


13 


GRDD 


Ground 


Ground return common to the logic power supply, Vcc. 




Ux 


vjuipui 


L/uipui OT xne iransmix siae onio xne sena rum nignway vseriai 
bus). The 8-bit PCM word is serially sent out on this pin at the 
proper time defined by FSx, CLKx, Dc, and CLKc. TTL three- 
state output. 


15 


TSx 


Output 


Normally high, this signal goes low while the Codec is 
transmitting an 8-bit PCM word on the Dx lead. (Timeslot 
information used for diagnostic purposes and also to gate the 
data on the Dx lead.) Open drain output. 


16 


Vcc 


Power 


+ 5V ± 5%, referenced to GRDD. 


17 


CLKd 


Input 


M<3^tpr rpp^^lve cinrk dpfininn thp hit rats nn the rscsix/p PCM 

highway. Typically 1 .544 Mbps for a T1 carrier system. Maximum 
rate 2.1 Mbps. 50% duty cycle. TTL interface. 


18 


FSr 


Input 


Frame synchronization pulse for the receive PCM highway. 
Resets the on-chip timeslot counter for the receive side. 
Maximum repetition rate 1 2 KHz. Also used to differentiate 
between non-signaling frames and signaling frames on the 
receive side. TTL interface. 
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Pin Description (Continued) 



Pin No. 


Symboi 


Function 


Description 


19 


CLKx 


Input 


Master transmit clock defining the bit rate on the transmit PCM 
highway. Typically 1 .544 Mbps for a T1 carrier system. Maximum 
rate 2.1 Mbps. 50% duty cycle. TTL interface. 


20 


FSx 


input 


Frame synchronization pulse for the transmit PCM highway. 
Resets the on-chip timeslot counter for the transmit side. 
Maximum repetition rate 1 2 KHz. Also used to differentiate 
between non-signaling frames and signaling frames on the 
transmit side. TTL interface. 


21 


SIGx 


input 


Signaling input. This digital input is transmitted as the 8th bit of 
the PCM word on the Dx lead, on signaling frames. TTL 
interface. 


22 


Vbb 


Power 


- 5V ± 5%, referenced to GRDA. 


23 


Dc 


Input 


Data input to program the Codec for the chosen mode of 
operation. Becomes an active low chip select when CLKc is ^^^^ 
to Vcc- TTL interface. 


24 


CLKc 


input 


Clock input to clock in the data on the Dq lead when the timeslot 
assignment feature is used; tied to Vcc to disable this feature. 
TTL interface. 



FUNCTIONAL DESCRIPTION 

The 291 OA PCM Codec provides the analog-to-digi- 
tai and the digital-to-analog conversions necessary 
to interface a full duplex (4 wires) voice telephone 
circuit with the PCM highways of a time division mul- 
tiplexed (TDM) system. 

In a typical telephone system the Codec is used be- 
tween the PCM highways and the channel filters. 

The Codec provides two major functions: 

• Encoding and decoding of analog signals (voice 
and call progress tones) 

• Encoding and decoding of the signaling and su- 
pervision information 

On a non-signaling frame, the Codec encodes the 
incoming analog signal at the frame rate (FSx) into 
an 8-bit PCM word which is sent out on the Dx lead 
at the proper time. Similarly, the Codec fetches an 8- 
bit PCM word from the receive highway (Dr lead) 
and decodes an analog value which will remain con- 
stant on lead VFr until the next receive frame. 
Transmit and receive frames are independent. They 
can be asynchronous (transmission) or synchronous 
(switching) with each other. 

For channel associated signaling, the Codec trans- 
mit side will encode the incoming analog signal as 



previously described and substitute the signal pres- 
ent on lead SIGx for the least significant bit of the 
encoded PCM word. Similarly, on a receive signaling 
frame, the Codec will decode the 7 most significant 
bits according to the CCITT G733 recommendation 
and will output the least significant bit value on the 
SIGp lead until the next signaling frame. Signaling 
frames on the send and receive sides are indepen- 
dent of each other, and are selected by a double- 
width frame sync pulse on the appropriate channel. 
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Figure 4. typical Line Termination 
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The 291 OA Codec is intended to be used on line and 
trunk terminations. The call progress tones (dial 
tone, busy tone, ring-back tone, re-order tone), and 
the prerecorded announcements, can be sent 
through the voice-path; digital signaling (off hook 
and disconnect supervision, rotary dial pulses, ring 
control) is sent through the signaling path. 
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Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. In small 
systems this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed 
and discrete timeslots sent to each Codec within a 
system. 

In the power-down mode, most functions of the Co- 
dec are directly disabled to reduce power dissipation 
to a minimum. 
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CODEC OPERATION 



Codec Control 

The operation of the 291 OA is defined by serially 
loading an 8-bit word through the Dc lead (data) and 
the CLKc lead (clock). The loading is asynchronous 
with the other operations of the Codec, and takes 
place whenever transitions occur on the CLKc lead. 
The Dc input is loaded in during the trailing edge of 
the CLKc input. 




BIT1 BIT 2 BIT 3 BIT 4 BITS BIT 6 BIT 7 BITS 



.SELECT _ 
MODE 



TIMESLOT- nx.fiR 



The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, pow- 
erdown mode (11). In the last case (11), the follow- 
ing 6 bits are irrelevant. 

The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 111111 
(timeslot 64). Bit 3 is the most significant bit and bit 8 
the least significant bit and last into the Codec. 



The Codec will retain the control word (or words) 
until a new word is loaded in or until power is lost. 
This feature permits dynamic allocation of timeslots 
for switching applications. 



Microcomputer Control Mode 

In the microcomputer mode, each Codec performs 
its own timeslot computation independently for the 
transmit and receive channels by counting clock 
pulses (CLKx and CLKr). AH Codecs tied to the 
same data bus receive identical framing pulses (FSx 
and FSr). The framing pulses reset the on-chip 
timeslot counters every frame; hence the timeslot 
counters of all devices are synchronized. Each Co- 
dec is programmed via CLKc and Dc for the desired 
transmit and receive timeslots according to the de- 
scription in the Codec Control Section. All Codecs 
tied to the same Dr bus will, in general, have differ- 
ent receive timeslots, although that is not a device 
requirement. There may be separate busses for 
transmit and receive or all Codecs may transmit and 
receive over the same bus, in which case the trans- 
mit and receive channels must be synchronous 
(CLKx = CLKr). There are no other restrictions on 
timeslot assignments; a device may have the same 
transmit and receive timeslot even if a single bus is 
used. 

There are several requirements for using the 
CLKc-Dc interface in the microcomputer mode. 

1)A complete timeslot assignment, consisting of 
eight negative transitions of CLKc, must be made 
in less than one frame period. The assignment 
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can overlap a framing pulse so long as all 8 con- 
trol bits are clocked in within a total span of 
1 25 jiLS (for an 8 KHz frame rate). CLKc must be 
left at a TTL low level when not assigning a time- 
slot. 

2) A dead period of two frames must always be ob- 
served between successive timeslot assign- 
ments. The two frame delay is measured from the 
rising edge of the first CLKc transition of the pre- 
vious timeslot assigned. 

3) When the device is in the power-down state 
(Standby), the following three-step sequence 
must be followed to power-up the codec to avoid 
contention on the transmit PCM highway. 

a) Assign a dummy transmit timeslot. The dummy 
should be at least two timeslots greater than 
the maximum valid system timeslot (usually 24 
or 32). For example, in a 24 timeslot system, 
the dummy could be any timeslot between 26 
and 64. This will power-up the transmit side, 
but prevent any spurious Dx or TSx outputs. 

b) Two frames later, assign the desired transmit 
timeslot. 

c) Two frames later assign the desired receive 
timeslot. 

4) Initialization sequence: The device contains an 
on-chip power-on clear function which guaran- 
tees that with proper sequencing of the supplies 
(Vcc or Vqd on last), the device will initialize with 
no timeslot assigned to either the transmit or re- 
ceive channel. After a supply failure or whenever 



the supplies are applied, it is recommended that 
either power down assignment be made first, or 
the first timeslot assignment be a transmit time- 
slot or a transmit/ receive timeslot. The conse- 
quence of making a receive timeslot assignment 
first, after supply application, is that the transmit 
channel will assume timeslot 1, potentially pro- 
ducing bus contention. 

5) Transmit only/receive only operation is permitted 
provided that a power down assignment is made 
first. Otherwise, special circuits which use only 
one channel should be physically disconnected 
from the unused bus; this allows a timeslot to be 
made to an unused channel without conse- 
quence. 

6) Both frame synchronizing pulses (FSx, FSr) must 
be active at all times after power on clear (after 
power supplies are turned on). This requirement 
must be met during powerdown and receive only 
or transmit only operation, as well as during nor- 
mal transmit and receive operation. 

Example of Microcomputer Control Mode: 

The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for 
timeslot 3. The Codec will output a PCM word on the 
transmit PCM highway (bus) during the timeslot 2 of 
the transmit frame, and will fetch a PCM word from 
the receive PCM highway during timeslot 3. 
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Figure 5. Microcomputer Mode Programming Example 
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Figure 6. Microcomputer iUlode PCM Highway Example 



In this example the Codec interface to the PCM 
highway then functions as shown above. (FSx and 
FSr may be asynchronous.) 



fied limits. This assumes that CLKc is tied to Vcc 
and that all clocks are available at the time the sup- 
plies have settled. 



Direct Control Mode 

The direct mode of operation will be selected when 
the CLKc P'n 's strapped to the +5 volt supply 
(Vcc)- In this mode, the Dc pin is an active low chip 
select. In other words, when Dc is low, the device 
transmits and receives in the timeslots which follow 
the appropriate framing pulses. With Dc high the de- 
vice is in the power down state. Even though CLKc 
characteristics are simpler for the 291 OA it will oper- 
ate properly when plugged into a 2910 board. 

Deactivation of a channel by removal of the appro- 
priate framing pulse (FSx or FSr) is not permitted. 
Specifically, framing pulses must be applied for a 
minimum of two frames after a change in state of Dc 
in order for the Dc change to be internally sensed. In 
particular, when entering standby in the direct mode, 
framing pulses must be applied as usual for two 
frames after Dc is brought high. 

The Codec will enter the direct mode within three 
frame times (375 ju,s) as measured from the time the 
device power supplies settle to within the speci- 



General Control Requirements 

All bit and frame clocks should be applied whenever 
the device is active. In particular, an unused channel 
cannot be deactivated by removal of its associated 
frame or bit clock while the other channel of the 
same device remains active. 

A single channel cannot be deactivated except by 
physical disconnection of the data lead (Dx or Dp) 
from the system data bus. A device (both transmit 
and receive channels) may be deactivated in either 
control mode by powering down the device. Both 
channels are always powered down together. 



Encoding 

The VF signal to be encoded is input on the VFx 
lead. An internal switch samples the signal and the 
hold function is performed by the external capacitor 
connected to the CAPIx and CAP2x leads. The 
sampling and conversion is synchronized with the 



FSx JL 



(24 CHANNEL SYSTEM) 



TIME SLOT 20 



TIME SLOT 20 -»| \*- 
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Figure 7. Transmit Encoding 
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transmit timeslot. The PCM word is then output on 
the Dx lead at the proper timeslot occurrence of the 
following frame. The A/D converter saturates at ap- 
proximately ±2.2 volts RMS (±3.1 volts peak). 



Decoding 

The PCM word is fetched by the Dp lead from the 
PCM highway at the proper timeslot occurrence. The 
decoded value is held on an internal sample and 
hold capacitor. The buffered non-return to zero out- 
put signal on the VFr lead has a dynamic range of 
approximately ±2.2 volts RMS (±3.1 volts peak). 



Signaling 

The duration of the FSx and FSr pulses defines 
whether a frame is an information frame or a signal- 
ing frame: 



• A frame synchronization pulse which is a full 
clock period in duration (CLKx period for FSx, 
CLKr period for FSr) designates a non-signaling 
frame. 

• A frame synchronization pulse which is two full 
clock periods in duration (two CLKx periods for 
FSx, two CLKr periods for FSr) designates a sig- 
naling frame. 

On the encoding side, when the FSx Pulse is wid- 
ened, the 8th bit of the PCM word will be replaced by 
the value on the SIGx input at the time when the 8th 
bit is output on the Dx lead. 

On the decoding side, when the FSr pulse is wid- 
ened, the 8th bit of the PCM word is detected and 
transmitted on the SIGr lead. That output is latched 
until the next receiving signaling frame. 

The remaining 7 bits are decoded according to the 
value given in the CCITT G733 recommendation. 
The SIGr lead is reset to a TTL low level whenever 
the Codec is in the power-down state. 



- TSI,- 



TSn.- 



TSo,— 



CLKx JTLfTL/njTUIUiUeLJTUi^ "IJIJIJIJIJIJIJIJ^LTX- 

^92 8n-7 XMIT SIGNAL FRAME | 8n 

FSx -T^l 




Jr- 



006785-8 



Figure 8. Transmit 8th Bit Signaling 



. TSnp - 



1 



CLK« JtiJTij^ij^uiijii^^ jiJijijijiJTJijTrL, jiJijTij^-xnjiJiJiJ'^^ 

192 REC SIGNAL FRAME 



SIGf 



:::::::::::::::::::::::::::::::::::::::;;:xjDC1DC1^^ 


SIGR 


B8 




; ; ; lu. 
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Figure 9. Receive 8th Bit Signaling 
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T1 Framing 

The Codec will accept the standard D3/D4 framing 
format of 1 93 clock pulses per frame (equivalent to 
CLKx, CLKr of 1.544 Mb/s). However, the 193rd bit 
may be blanked (equivalent to CLKx. CLKr of 
1.536 Mb/s) if desired. 



Standby Mode— Power Down 

To minimize power consumption and heat dissipa- 
tion a standby mode is provided where all Codec 
functions are disabled except for Dc and CLKc 
leads. These allow the Codec to be reactivated. In 
the microcomputer mode the Codec is placed into 
standby by loading a control word (Dc) with a "1" in 
bits 1 and 2 locations. In the direct mode when Dc is 
brought high, the all "1's" control word is internally 
transferred to the control register, invoking the 
standby condition. 

While in the standby mode, the Dx output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. The SIGr output is held 
low to provide a known condition and remains this 
way upon activation until it is changed by signaling. 

The power consumption in the standby mode is typi- 
cally 33 mW. 



Power-On Clear 

Whether the device is used in the direct or micro- 
computer mode, an internal reset (power-on clear) is 
generated, forcing the device into the power down 
state, when power is supplied by any of the following 
methods. (1 ) Device power supplies are turned on in 
a system power-up situation where either Vcc or 
Vdd is applied last. (2) A large supply transient caus- 
es either of the two positive supplies to drop to less 
than approximately 2 volts. (3) A board containing 
Codecs is plugged into a "hot" system where Vcc or 
Vdd 's the last contact made. It may be necessary to 
trim back the edge connector pins or fingers on Vcc 
or Vdd relative to the other supply to guarantee that 
the power-on clear will operate properly when a 
board is plugged into a "hot" system. Furthermore, 
the Codec will inhibit activity on TSx and Dx during 
the application of power supplies. 

The device is also tolerant of transients in the nega- 
tive supply (Vbb) so long as Vbb remains more neg- 
ative than -3.5 volts. Vbb transients which exceed 
this level should be detected and followed by a sys- 
tem reinitialization. 



Precision Voltage Reference for the 
D/A Converter 

The voltage reference is generated on the chip and 
is calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature stable and bias stable 
reference voltage. 

A gain setting op amp, programmed during manufac- 
turing, "trims" the reference voltage source to the 
final precision voltage reference value provided to 
the D/A converter. The precision voltage reference 
determines the initial gain and dynamic range char- 
acteristics described in the A.C. Transmission Speci- 
fication section. 



jLi-Law Conversion 

ja-law represents a particular implementation of a 
piece-wise linear approximation to a logarithmic 
compression curve which is: 

F(x) = Sgn(x)i^;^0. 1x1.1 
ln(1 + ju,) 

where x = input signal 

Sgn(x) = sign of input signal 

jLL = 255 (defined by AT & T) 

The 291 OA jul = 255 law Codec uses a 15 segment 
approximation to the logarithmic law. Each segment 
consists of 16 steps. In adjacent segments the step 
sizes are in a ratio of two to one. Within each seg- 
ment the step size is constant except for the first 
step of the first segment of the encoder, as indicated 
in the attached table. The output levels are midway 
between the corresponding decision levels. The out- 
put levels yn are related to the input levels Xn by the 
expression: 

Xn + Xn+I 

Vn = g Torl ^ n ^ 127 

yo = xq = 0 for n = 0 

These relationships are implicit in the following ta- 
ble. 
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Theoretical jn-Law— Positive input Vaiues (for Negative input Vaiues, Invert Bit 1) 



3 



Segment 
Number 



No. of Steps 
X Step Size 



Value at 
Segment 
End 
Points 



Decision 

Value 
Number n 



Decision 
Value Xnd) 



PCM Word(3) 



MSB Bit Number lsb 
1 2 3 4 5 6 7 8 



Normalized 

Value 
at Decoder 
Output yn<4) 



16x128 



16x64 



16x32 



16x16 



16x4 



15x2 



8159(5) 



4063 



991 



479 



223 



95 



(128) 
127 



112 



96 



80 



65 



49 
48 



33 
32 



16 



(8159) 
7903 



4319 
4063 



2143 
2015 



991 



239 
223 



103 
95 



35 
31 



1 0 0 0 0 0 0 0 

r 



I 

(see Note 2) 

I 
I 



1 0 0 0 1 1 1 1 

\ 



I 

(see Note 2) 

I 
I 



10 0 11111 
\ 



I 

(see Note 2) 

I 
I 



10 10 1111 

r 



I 

(see Note 2) 

I 



10 111111 



I 

(see Note 2) 

I 



110 0 1111 



(see Note 2) 

I 
I 



110 11111 

1 



I 

(see Note 2) 

I 



1110 1111 
1 



I 

(see Note 2) 

1 



11111110 



11111111 



- 8031 



4191 



- 2079 



- 1023 



33 



NOTES: I 

1. 8159 normalized value units correspond to the value of the on-chip voltage reference. 

2. The PCM word corresponding to positive input values between two successive decision values numbered n and n+1 
(see column 4) is (255 -n) expressed as a binary number. 

3. The PCM word on the highways is the same as the one shown in column 6. 

4. The voltage output on the VFr lead is equal to the normalized value given in the table, augmented by an offset. The 
offset value is approximately 15 mV. 

5. xi28 is a virtual decision value. 
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Figure 10. Codec Transfer Characteristic 



During signaling frames, a 7-bit transfer characteris- 
tic is implemented in the decoder. This characteristic 
is derived from the decoder values in the attached 
table by assuming a value of "1" for the L$B (8th 
bit) and shifting the decoder transfer characteristics 



one half-step away from the origin. For example, the 
maximum decoder output level for signaling frames 
has normalized value 7903, whereas it has value 
8031 in normal (non-signaling) frames. 



APPLICATIONS 




006785-11 

Figure 11. Circuit Interface— without External Auto Zero 
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Holding Capacitor 

For an 8 KHz sampling system the transmit liolding 
capacitor CAPx should be 2000 pF ±20%. 



The circuit interface with auto zero drawing shows a 
possible connection between the VFx and AUTO 
leads with the recommended values of Ci = 0.3 ju,F, 
Rl = 150 m, R2 = 330 KH, and R3 = 470 KH. 



Auto Zero 

The 291 OA contains a transparent on-chip auto zero 
plus a device pin for implementing a sign-bit driven 
external auto zero feedback loop. The on-chip auto 
zero reduces the input offset voltage of the encoder 
(VFx) to less than 3 mV. For most telephony applica- 
tions, this input offset is perfectly acceptable, since it 
insures the encoder is biased in the lower 25% of 
the first segment. 

Where lower input offset is required the external 
auto zero loop may be used to bias the encoder ex- 
actly at the zero crossing point. The consequence of 
the external auto zero loop, aside from extra compo- 
nents, is the addition of the dithering auto-zero sig- 
nal to the input signal, resulting in slightly higher idle 
channel noise (approximately 2dB) than when the 
external loop is not used. Consequently, where the 
application permits, it is recommended that the ex- 
ternal auto zero loop not be used. When not used, 
the AUTO pin should float. 



Filters Interface 

The filters may be interfaced as shown in the circuit 
interface diagrams. Note that the output pulse 
stream is of the non-return-to-zero type and hence 
requires the (sin x)/x correction provided by the 
291 2A filter. 



Dx Buffering 

For higher drive capability or increased system reli- 
ability it may be desirable that the Dx output of a 
group of Codecs be buffered from the system PCM 
bus with an external three-state or open collector 
buffers. A buffer can be enabled with the appropriate 
Codec generated TSx signal or signals. TSx signal 
may also be used to activate external zero code sup- 
pression logjc^ since the occurrence of an active 
state of any TSx implies the existence of PCM voice 
bits (as opposed to transparent data bits) on the 
bus. 



ENCODER 
FILTER 
VFxo 



VFx I 



Ci 

.3 mF 



Ri 
150 Kn 



-AW- 
R3 



'VFr, 



VFr I 



r 



2912A FILTER | 



Figure 12. Circuit interface—- with External Auto Zero 
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ABSOLUTE MAXIMUM RATINGS' 

Temperature Under Bias - 1 0^^C to + 80*'C 

Storage Temperature - es^C to + 1 50''C 

All Input or Output Voltages with 

Respect to Vbb - 0.3V to + 20V 

Vcc Vdd GRDD, and GRDA with 

Respect to Vbb -0.3V to + 20V 

Power Dissipation 1 .36W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°C to +70°C, VpD=+12V ±5%, Vcc=+5V ±5%, Vbb= ' 
unless othenA^ise specified 

DIGITAL INTERFACE 



-5V ±5%, GRDA = 0V, GRDD = 0V, 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min 


Typd) 


Max 


l|L 


Low Level Input Current 






10 


jbiA 


V|N < V|L 


l|H 


High Level Input Current 






10 


JLlA 


V|N>V|H 


V|L 


Input Low Voltage 






0.6 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


Dx. Iql = 4.0 mA 

SIGr, Iql = 0-5 mA 

TSx, Iql = 3.2 mA, Open Drain 

PDN, Iql = 1-6 mA, Open Drain 


Vqh 


Output High Voltage 


2.4 






V 


Dx, Iqh = 15 mA 
SIGr. Iqh = 0-08 mA 



ANALOG INTERFACE 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min 


Typd) 


Max 


Zai 


Input Impedance when 
Sampling, VFx 


125 


300 


500 


ft 


in Series with CAPx to GRDA, 
-3.1V <V|N< 3.1V 


Zao 


Small Signal Output 
Impedance, VFr 


100 


180 


300 


ft 


-3.1V <VouT< 3.1V 


VOR 


Output Offset Voltage at VFr 






±50 


mV 


all "Is" code sent to Dr 


Vix 


Input Offset Voltage at VFx 






±5 


mV 


VFx Voltage Required to 
Produce all "Is" Code at Dx 


Vol 


Output Low Voltage at AUTO 




Vbb 


(Vbb +2) 


V 


400 Kft to GRDA 


Vqh 


Output High Voltage at AUTO 


(Vcc-2) 


Vcc 




V 


400 Kft to GRDA 



POWER DISSIPATION 



Symbol 


Parameter 


Limits 


Units 


Test Conditions 


Min 


Typd) 


Max 


Iddo 


Standby Current 




0.7 


1.1 


mA 


Auto Output = Open Clock 
Frequency = 2.048 MHz 


Icco 


Standby Current 




4 


7.0 


mA 


Ibbo 


Standby Current 




1 


2.5 


mA 


'DDI 


Operating Current 




11 


16 


mA 


icci 


Operating Current 




13 


21 


mA 


Ibbi 


Operating Current 




4 


6.0 


mA 



NOTE: 

1 . Typical values are for Ta = 25^0 and nominal power supply values. 
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A.C. CHARACTERISTICS 

Ta = 0**C to +70°C, VpD=+12V ±5%, Vcc=+5V ±5%, Vbb=-5V ±5%, GRDA = OV, GRDD = OV, 
unless otherwise specified 



TRANSMISSION 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typ(l) 


Max 


S/D 


Signal/Tone Distortion Ratio, 
C-Message Weighted 
Half Channel 
(See Figure 1) 


36 
30 
27 






dB 
dB 
dB 


VFx = 1.02 KHz, Sinusoid 
-30 dBmO <. VFx ^ 0 clBmO 
-40 dBmO ^ VFx < -30 dBmO 
-45 dBmO ^ VFx < -40 dBmO 


AG 


Gain Tracking Deviation 
Half Channel(2) 
Reference Level 0 dBmO 




±0.25 
±0.60 
±1.5 


±0.30 
±0.70 
±1.8 


dB 
dB 
dB 


VFx = 1.02 KHz, Sinusoid 
-37 dBmO ^ VFx ^ +3 dBmO 
-50dBmO ^ VFx < -37dBmO 
-55 dBmO ^ VFx < -50 dBmO 


AGv 


AG Variation with Supplies 
Half Channel 




±0.0002 
±0.0004 


±0.0004 
±0.0008 


dB/mV 
dB/mV 


-37dBmO ^ VFx ^ +3dBmO 
-50 dBmO ^ VFx < -37 dBmO 


AGt 


AG Variation with Temperature 
Half Channel 




±0.001 
±0.002 


±0.002 
±0.005 


6Brc 

dBrC 


-37 dBmO ^ VFx ^ +3 dBmO 
—50 dBmO <. VFx < — 37 dBmO 


N|C1 


Idle Channel Noise, C-Message 
Weighted 




2 


7 


dBrncO 


No Signaling(3) 


N|C2 


Idle Channel Noise, C-Message 
Weighted 




10 


13 


dBrncO 


with 6th and 12th Frame 
Signarmg(3) 


N|C3 


Idle Channel Noise, C-Message 
Weighted 




14 


18 


dBrncO 


with 1 KHz Sign Bit Toggle 


HD 


Harmonic Distortion (2nd or 3rd) 




-48 


-44 


dB 


VFx = 1.02 KHz, OdBmO; 
Measured at Decoder Output VFr 


IIV1D 


Intermodulation Distortion 
2nd Order 
3rd Order 






-45 
-55 


dB 
dB 


4-Tone Stimulus In Accordance 
with BSTR PUB 41009 



NOTES: 

1 . Typical values are for Ta = 25*0 and nominal supply values. 

2. Measured in one direction, either decoder or encoder and an ideal device, at 23°C, nominal supplies. 

3. if the external auto-zero is used N|ci has a typical value of 8 dBrncO and N|C2 l^^s a typical value of 1 3 dBrncO. 

4. Dr of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.71 1 . 
Measurement made at VFr output. 

5. With the D.C. method the positive and negative clipping levels are measured and A|r is calculated. With the A.C. method 
a sinusoidal input signal to VFx is used where A|r is measured directly. 




AT4T 
D3 CHANNEL SANK 
COMPATIBILITY 
SPECIFICATION 
(ISSUE 3 10-77) 
ENO-TaEND 



INPUT LEVEL (dBmO) 



ATtT 03 CHANNEL 
BANK COMPATIBILITY 
SPECIFICATION 
(ISSUE 3 10 77) 




Figure 13. Signal/Total Distortion Ratio 
(Half-Channel) 



Figure 14. Gain Tracking Deviation (AG) 
(Half-Channel) 
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A.C. CHARACTERISTICS 

Ta = 0°C to +70*'C, VpD= + 12V ±5%, Vcc = +5V ±5%, Vbb=-5V ±5%, GRDA = OV, GRDD = OV, 
unless otherwise specified (Continued) 



GAIN AND DYNAMIC RANGE 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typd) 


Max 


DmW 


Digital Milliwatt Response 


5.53 


5.63 


5.73 


dBm 


23*'C, Nominal Supplies(4) 


DrnWy 


DmWo Variation with 
Temperature 




-0.001 


-0.002 


dBrc 


Relative to 23X(4) 


DmWs 


DmWo Variation with 
Supplies 






±0.07 


dB 


Supplies ±5%(4) 


A|R 


Input Dynamic Range 


2.17 


2.20 


2.23 


Vrms 


Using D.C. and A. C. Tests(5) 
23°C, Nominal Supplies 


A|RT 


Input Dynamic Range with 
Temperature 






-0.5 


rnVRMs/'^C 


Relative to 23°C 


Airs 


Input Dynamic Range with 
Supplies 






±18 


mVRMS 


Supplies ±5% 


AoR 


Output Dynamic Range, VFr 


2.13 


2.16 


2.19 


Vrms 


23°C, Nominal Supplies 


AORT 


AoR Variation with 
Temperature 






-0.5 


mVRMs/°C 


Relative to 23''C 


AoRS 


AoR Variation with Supplies 






±18 


mVRMS 


Supplies ±5% 



SUPPLY REJECTION AND CROSSTALK 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typd) 


Max 


PSRRi 


Vdd Power Supply Rejection Ratio 


45 






dB 


Decoder Alone(2) 


PSRR2 


Vbb Power Supply Rejection Ratio 


35 






dB 


Decoder Alone(2) 


PSRR3 


Vcc Power Supply Rejection Ratio 


50 






dB 


Decoder Alone(2) 


PSRR4 


Vdd Power Supply Rejection Ratio 


50 






dB 


Encoder Alone(3) 


PSRR5 


Vbb Power Supply Rejection Ratio 


45 






dB 


Encoder Alone(3) 


PSRRe 


Vcc Power Supply Rejection Ratio 


50 






dB 


Encoder Alone(3) 


CTr 


Crosstalk Isolation, Receive Side 


75 


80 




dB 


(Note 4) 


CTt 


Crosstalk Isolation, Transmit Side 


75 


80 




dB 


(Note 5) 


CAPX 


Input Sample and Hold Capacitor 


1600 


200 


2400 


PF 





NOTES: 

1. Typical values are for Ta = 25'C and nominal power supply values. 

2. D.UT. decoder; Impose 200 mVp.p^ 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in 
idle channel conditions. 

3. D.U.T. encoder; impose 200 mVp.p, 1 .02 KHz on appropriate supply; measurement made at encoder output; encoder in 
idle channel conditions. 

4. VFx of D.U.T. encoder = 1 .02 KHz, 0 dBmO. Decoder under quiet channel conditions; measurement made at decoder 
output. 

5. VFx = 0 Vrms. Decoder = 1 .02 KHz, 0 dBmO. Encoder under quiet channel conditions; measurement made at encoder 
output. 
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A.C. CHARACTERISTIC— TIMING SPECIFICATION(I) 

Ta = 0»C to + yO'^C, Vpp = + 1 2V ± 5%, Vcc = + 5V ± 5%, Vbb = - 5V ± 5%, GRDA = OV, GRDD = OV, 
unless otherwise specified 



CLOCK SECTION 



Symbol 


Parameter 


Limits 


Units 


Comments 


Min 


Max 


tCY 


Clock Period 


486 




ns 


CLKx, CLKr (2.048 MHz Systems), CLKc 


tr.tf 


Clock Rise and Fall Time 


0 


30 


ns 


CLkx, CLKr, CLKq 


tCLK 


Clock Pulse Width 


215 




ns 


CLKx. CLKr, CLKq 


tCDC 


Clock Duty Cycle (tcLK tcv) 


46 


66 


. % 


CLKx. CLKr 



TRANSMIT SECTION 



Symbol 


Parameter 


Limits 


Units 


Comments 


MIn 


Max 




tVFX 


Analog Input Conversion 


20 




Timeslot 


from Leading Edge of Transmit Timeslot (2) 


tDZX 


Data Enabled on IS Entry 


60 


180 


ns 


0 < Cload < lOOpF 


tDHX 


Data Hold Time 


80 


230 


ns 


0 < Cload < ioopF 


tHZX 


Data Float on TS Exit 


76 


246 


ns 


Cload = 0 


tSON 


Timeslot X to Enable 


30 


220 


ns 


0 < Cload < ioopF 


tSOFF 


Timeslot X to Disable 


70 


226 


ns 


Cload = 0 


tss 


Signal Setup Time 


0 




ns 


Relative to Bit 7 Falling Edge 




Signal Hold Time 


100 




ns 


Relative to Bit 8 Falling Edge 


tpSD 


Frame Sync Delay 


16 


160 


ns 




RECEIVE AND CONTROL SECTIONS 


Symbol 


Parameter 


Limits 


Units 


Comments 


MIn 


Max 


tVFR 


Analog Output Update 


9 Vie 


9yi6 


Timeslot 


from Leading Edge of the Channel Timeslot 


tDSR 


Receive Data Setup 


20 




ns 




tOHR 


Receive Data Hold 


60 




ns 




tSIGR 


SIGr Update 




1 


JU.S 


from Trailing Edge of the Channel Timeslot 


tFSD 


Frame Sync Delay 


16 


160 


ns 




tosc 


Control Data Setup 


116 




ns 


Microcornputer Mode Only 


tDHC 


Control Data Hold 


116 




ns 


Microcomputer Mode Only 



NOTES: 

1. All timing parameters referenced to 1.5V, except tnzx and tsoFF which reference to high impedance state. 

2. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive 
interrupt or asynchronous operation of the Codec , If the transmit channel only Is operated, the A/D conversion can be 
completed in a minimum of 1 1 timeslots. Refer to the Codec Control General Requirement section for instructions on setting 
a channel in an idle condition. 
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TIMING WAVEFORMS (Continued) 
CONTROL TIMING 



inter 

2911A-1 
PCM CODEC— A LAW 
8-BIT COMPANDED A/D AND D/A CONVERTER 



■ Per Channel, Single Chip Codec 

■ CCiTT G711 and G732 Compatible, 
Even Order Bits inversion included 

■ Microcomputer interface with On-Chip 
Time-Slot Computation 

■ Simple Direct Mode interface When 
Fixed Timeslots Are Used 

■ ±5% Power Supplies: +12V, +5V, -5V 



■ 66 dB Dynamic Range, with Resolution 
Equivalent to 11 -Bit Linear Conversion 
Around Zero 

■ Precision On-Chip Voltage Reference 

■ Low Power Consumption 230 mW Typ. 
Standby Power 33 mW Typ. 

■ Fabricated with Reliable N-Channel 
MOS Process 



The Intel 2911 A is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with 
N-channel silicon gate technology. The high density of integration allows the sample and hold circuits, the 
digital-to-analog converter, the comparator and the successive approximation register to be integrated on the 
same chip, along with the logic necessary to interface a full duplex PCM link. 

The primary applications are in telephone systems: 

• Transmission — 30/32 Channel Systems at 2.048 Mbps 

• Switching — Digital PBX's and Central Office Switching Systems 

• Concentration — Subscriber Carrier/Concentrators 

The wide dynamic range of the 2911 A (66 dB) and the minimal conversion time (80 jms minimum) make it an 
ideal product for other applications, like: 

• Data Acquisition • Secure Communications Systems 

• Telemetry • Signal Processing Systems 
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Figure I.Pin 
Configuration 
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Figure 2. Pin Names 
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Figure 3. Blocl( Diagram 
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PIN DESCRIPTION 



Pin No 


Symbol 


Function 


Description 


1 


QAPix 


Hold 


Connections for the transmit holding capacitor. Refer to 
Applications section. 


2 


CAP2y 


3 


VFx 


Input 


Analog input to be encoded into a PCM word. The signal on 
this lead is sampled at the same rate as the transmit frame 
synchronization pulse FSx, and the sample value is held in the 
external capacitor connected to the CAPIx and CAP2x leads 
until the encoding process is conripleted. 


4 


AUTO 


Output 


Most significant bit of the encoded PCM word (+ 5V for 
negative, -5V for positive values). Refer to the Codec 
Applications section. 


5 


GRDA 


Ground i 


Analog return common to the transmit and receive analog 
circuits. Not connected to GRDD internally. 


6 


Vdd 


Power 


+ 1 2V ± 5%; referenced to GRDA. 


7 


Dr 


Input 


Receive PCM highway (serial bus) interface. The Codec 
serially receives a PCM word (8 bits) through this lead at the 
proper iime ueTineu uy rop, OLrxp, uq, anu oli\q. 


o 
o 


r LyIN 


L^UipUl 


ACiive nign wnen ine oouec is in ine power uown siaie. L^pen 
drain output. 


9 


VFr 


Output 


Analog Output. The voltage present on VFr is the decoded 
value of the PCM word received on lead Dr. This value is held 

uuiioiaiu uuiweeii iwu uui iverbiui lb. 


10 


NC 


No 

Connects 


Recommended practice is to strap these NC's to GRDA. 


11 


NC 


12 


GRDD 


Ground 


Ground return common to the logic power supply; Vcc- 


13 


Dy 


Output 


Output of the transmit side onto the send PCM highway (serial 
bus). The 8-bit PCM word is serially sent out on this pin at the 
proper time defined by FSx, CLKx, Dq, and CLKc- TTL three- 
state output. 


14 




Output 


Normally high, this signal goes low while the Codec is 
transmitting an 8-bit PCM word on the Dx lead. (Timeslot 
information used for diagnostic purposes and also to gate the 
data on the Dx lead.) Open drain output. 


15 


Vcc 


Power 


-t- 5V ± 5%, referenced to GRDD. 


16 


CLKp 


Input 


Master receive clock defining the bit rate on the receive PCM 
highway. Typically 2.048 Mbps for a carrier system. Maximum 
rate 2.1 Mbps. 50% duty cycle. TTL compatible. 


17 


FSr 


Input 


Frame synchronization pulse for the receive PCM highway. 
Resets the on-chip timeslot counter for the receive side. 
Maximum repetition rate 1 2 KHz. TTL Interface. 


18 


CLKx 


Input 


Master transmit clock defining the bit rate on the transmit 
PCM highway. Typically 2.048 Mbps for a carrier system. 
Maximum rate 2.1 Mbps. 50% duty cycle. TTL interface. 


19 


FSx 


Input 


Frame synchronization pulse for the transmit PCM highway. 
Resets the on-chip timeslot counter for the transmit side. 
Maximum repetition rate 1 2 KHz. TTL interface. 


20 


Vbb 


Power 


-5V ±5%, referenced to GRDA. 


21 


Dc 


Input 


Data input to program the Codec for the chosen mode of 
operation. Becomes an active low chip select when CLKc is 
tied to Vcc- TTL interface. 


22 


CLKc 


Input 


Clock input to clock in the data on the Dc lead when the 
timeslot assignment feature is used; tied to Vcc to disable this 
feature. TTL interface. 
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FUNCTIONAL DESCRIPTION 

The 2911 A PCM Codec provides the analog-to-digi- 
tal and the digital-to-analog conversions necessary 
to interface a full duplex (4 wires) voice telephone 
circuit with the PCM highways of a time division mul- 
tiplexed (TDM) system. The Codec is intended to be 
used on line and trunk terminations. 

In a typical telephone system the Codec is located 
between the PCM highways and the channel filters. 

The Codec encodes the incoming analog signal at 
the frame rate (FSx) into an 8-bit PCM word which is 
sent out on the Dx lead at the proper time. Similarly, 
on the receive link, the Codec fetches an 8-bit PCM 
word from the receive highway (Dr lead) and de- 
codes an analog value which will remain constant on 
lead VFr until the next receive frame. Transmit and 
receive frames are independent. They can be asyn- 
chronous (transmission) or synchronous (switching) 
with each other. 



CODEC OPERATION 



Codec Control 

The operation of the 2911 A is defined by serially 
loading an 8-bit word through the Dq lead (data) and 
the CLKc lead (clock). The loading is synchronous 
with the other operations of the Codec, and takes 
place whenever transitions occur on the CLKc 'eacl. 
The Dc input is loaded in during the trailing edge of 
the CLKc input. 




hSflPCT , L, ASSIGN X, R 

MODE I TIME SLOT n^, n„ 
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Circuitry is provided within the Codec to internally 
define the transmit and receive timeslots. in small 
systems this may eliminate the need for any external 
timeslot exchange; in large systems it provides one 
level of concentration. This feature can be bypassed 
and discrete timeslots sent to each Codec within a 
system. 

In the power-down mode, most functions of the Co- 
dec are directly disabled to reduce power dissipation 
to a minimum. 



The control word contains two fields: 

Bit 1 and Bit 2 define whether the subsequent 6 bits 
apply to both the transmit and receive side (00), the 
transmit side only (01), the receive side only (10), or 
whether the Codec should go into the standby, pow- 
er-down mode (11). In the last case (11), the follow- 
ing 6 bits are irrelevant. 
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Figure 4. Typical Line Termination 
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The last 6 bits of the control word define the timeslot 
assignment, from 000000 (timeslot 1) to 111111 
(timeslot 64). Bit 3 is the most significant bit and bit 8 
the least significant bit and last into the Codec. 



Bit 1 


Bit 2 


lyiode 


0 


0 


X&R 


0 


1 


X 


1 


0 


R 


1 


1 


Standby 



3 


4 
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5 6 


7 


8 


Time-Slot 


0 


0 


0 0 


0 


0 


1 


0 


0 


0 0 


0 


1 
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T 
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1 


1 
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The Codec will retain the control word (or words) 
until a new word is loaded in or until power is lost. 
This feature permits dynamic allocation of timeslots 
for switching applications. 



Microcomputer Control Mode 

In the microcomputer mode, each Codec performs 
its own timeslot computation independently for the 
transmit and receive channels by counting clock 
pulses (CLKx and CLKr). All Codecs tied to the 
same data bus receive identical framing pulses (FSx 
and FSr). The framing pulses reset the on-chip 
timeslot counters every frame; hence the timeslot 
counters of all devices are synchronized. Each Co- 
dec is programmed via CLKq and Dq for the desired 
transmit and receive timeslots according to the de- 
scription in the Codec Control Section. All Codecs 
tied to the same Dp bus will, in general, have differ- 
ent receive timeslots, although that is not a device 
requirement. There may be separate busses for 
transmit and receive or all Codecs may transmit and 
receive over the same bus, in which case the trans^ 
mit and receive channels must be synchronous 
(CLKx CLKr). There are no other restrictions on 
timeslot assignments; a device may have the same 
transmit and receive timeslot even if a single bus is 
used. 

There are several requirements for using the 
CLKc-Dc interface in the microcomputer mode. 

1 . A complete timeslot assignment, consisting of 
eight negative transitions of CLKq, must be made 
in less than one frame period. The assignment 



can overlap a framing pulse so long as all 8 con- 
trol bits are clocked in within a total span of 
126 jLis (for an 8 KHz frame rate). CLKq must be 
left at a TTL low level when not assigning a time- 
slot. 

2. A dead period of two frames must always be ob- 
served between successive timeslot assign- 
ments. The two frame del^y is measured from the 
rising edge of the first CLKc transition of the pre- 
vious timeslot assigned. 

3. When the device is in the power-down state 
(Standby), the following three-step sequence 
must be followed to power-up the codec to avoid 
contention on the transmit PCM highway. 

a. Assign a dummy transmit timeslot. The dummy 
should be at least two timeslots greater than 
the maximum valid system (usually 24 or 32). 
For example, in a 24 timeslot system, the dum- 
my could be any timeslot between 26 and 64. 
This will power-up the transmit side, but pre- 
vent any spurious Dx or TSx outputs. 

b. Two frames later, assign the desired transmit 
timeslot. 

c. Two frames later assign the desired receive 
timeslot. 

4. Initialization sequence: The device contains an 
on-chip power-on clear function which guarantees 
that with proper sequencing of the supplies (Vcc 
or Vdd on last), the device will initialize with no 
timeslot assigned to either the transmit or receive 
channel. After a supply failure or whenever the 
supplies are applied, it is recommended that ei- 
ther power down assignment be made first, or the 
first timeslot assignment be a transmit time- 
slot or a transmit/receive timeslot. The conse- 
quence of making a receive timeslot assignment 
first, after supply application, is that the transmit 
channel will assume timeslot 1, potentially pro- 
ducing bus contention. 

5. Transmit only/receive only operation is permitted 
provided that a power down assignment is made 
first. Othenvise, special circuits which use only 
one channel should be physically disconnected 
from the unused bus; this allows a timeslot to be 
made to an unused channel without conse- 
quence. 

6. Both frame synchronizing pulses (FSx, FSr) must 
be active at all times after power on clear (after 
power supplies are turned on). This requirement 
must be met during powerdown and receive only 
or transmit only operation, as well as during nor- 
mal transmit anql receive operation. 

Example of Microcomputer Control Mode: 

The two words 01000001 and 10000010 have been 
loaded into the Codec. The transmit side is now pro- 
grammed for timeslot 2 and the receive side for 
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timeslot 3. The Codec will output a PCM word on the transmit PCM highway (bus) during the timeslot 2 of the 
transmit frame, and will fetch a PCM word from the receive PCM highway during timeslot 3. 



SEPARATED BY AT LEAST TWO FRAMES 



1 



J7Lr»LrnjTLJ«LFLPlJ'l_M,^^ 
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Figure 5. Microcomputer Mode Programming Exampies 

In this example the Codec interface to the PCM highway then functions as shown below. (FSx and FSr may 
be asynchronous.) 
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Figure 6. Microcomputer Mode PCM Highway Example 



Direct Control Mode 

The direct mode of operation will be selected when 
the CLKc pin is strapped to the + 5V supply (Vcc)- 
In this mode, the Dq pin is an active low chip select. 
In other words, when Dq is low, the device transmits 
and receives in the timeslots which follow the appro- 
priate framing pulses. With Dq high the device is in 
the power down state. Even though CLKc character- 
istics are simpler for the 291 1 A it will operate proper- 
ly when plugged into a 291 1 board. 

Deactivation of a channel by removal of the appro- 
priate framing pulse (FSx or FSr) is not permitted. 

Specifically, framing pulses must be applied for a 
minimum of two frames after a change in state of Dc 
in order for the Dc change to be internally sensed. In 
particular, when entering standby in the direct mode, 
framing pulses must be applied as usual for two 
frames after Dc is brought high. 



The Codec will enter direct mode within three frame 
times (375 ju,s) as measured from the time the de- 
vice power supplies settle to within the specified lim- 
its. This assumes that CLKc is tied to Vcc anci that 
all clocks are available at the time the supplies have 
settled. 



General Control Requirements 

All bit and frame clocks should be applied whenever 
the device Is active. In particular, an unused channel 
cannot be deactivated by removal of its associated 
frame or bit clock while the other channel of the 
same device remains active. 

A single channel cannot be deactivated except by 
physical disconnection of the data lead (Dx or Dp) 
from the system data bus. A device (both transmit 
and receive channels) may be deactivated in either 
control mode by powering down the device. Both 
channels are always powered down together. 
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Encoding 

The VF signal to be encoded is input on the VFx 
lead. An internal switch samples the signal and the 
hold function is performed by the external capacitor 
connected to the CAP1x and CAP2x leads. The 



sampling and conversion is synchronized with the 
transmit timeslot. The PCM word is then output on 
the Dx lead at the proper timeslot occurrence of the 
following frame. The A/D converter saturates at ap- 
proximately ±2.2V RMS (±3.1V peak). 
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Figure 7. Transmit Encoding 



Decoding 

The PCM word is fetched by the Dp lead from the 
PCM highway at the proper timeslot occurrence. The 
decoded value is held on an internal sample and 
hold capacitor. The buffered non-return to zero out- 
put signal on the VFr lead has a dynamic range of 
±2.2V RMS (±3.1 volts peak). 



Standby iVIode— Power Down 

To minimize power consumption and heat dissipa- 
tion a standby mode is provided where all Codec 
functions are disabled except for Dc and CLKc 
leads. These allow the Codec to be reactivated. In 
the microcomputer mode the Codec is placed into 
standby by loading a control word (Dc) with a "1" in 
bits 1 and 2 locations. In the direct mode when Dc is 
brought high, the all "1's" control word is internally 
transferred to the control register, invoking the 
standby condition. 

While in the standby mode, the Dx output is actively 
held in a high impedance state to guarantee that the 
PCM bus will not be driven. 

The power consumption in the standby mode is typi- 
cally 33 mW. 



Power-On Clear 

Whether the device is used in the direct or micro- 
computer mode, an internal reset (power-on clear) is 



generated, forcing the device into the power down 
state, when power is supplied by any of the following 
methods. (1) Device power supplies are turned on in 
a system power-up situation where either Vcc or 
Vdd Is applied last. (2) A large supply transient caus- 
es either of the two positive supplies to drop to ap- 
proximately 2V. (3) A board containing Codecs is 
plugged into a "hot" system where Vcc or Vdd Is 
the last contact made. It may be necessary to trim 
back the edge connector pins or fingers on Vcc or 
Vdd relative to the other supply to guarantee that 
the power-on clear will operate properly when a 
board is plugged into a "hot" system. Furthermore, 
the Codec will inhibit activity on TSx and Dx during 
the application of power supplies. 

The device is also tolerant of transients in the nega- 
tive supply (Vbb) so long as Vbb remains more neg- 
ative than -3.6V. Vbb transients which exceed this 
level should be detected and followed by a system 
reinitialization. 



Precision Voitage Reference for the 
D/A Converter 

The voltage reference is generated on the chip and 
is calibrated during the manufacturing process. The 
technique uses the difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature stable and bias stable 
reference voltage. 
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A gain setting op amp, programmed during manufac- 
turing, "trims" the reference voltage source to the 
final precision voltage reference value provided to 
the D/A converter. The precision voltage reference 
determines the initial gain and dynamic range char- 
acteristics described in the A.C. Transmission Speci- 
fication section. 



CONVERSION LAW 

The conversion law is commonly referred to as the A 
Law. 



where: x = the input signal 
Sgn(x) = sign of the input signal 
A = 87.6 (defined by CCITT) 

The Codec provides a piecewise linear approxima- 
tion of the logarithmic law through 13 segments. 
Each segment is made of 16 steps with the excep- 
tion of the first segment, which has 32 steps. In adja- 
cent segments the step sizes are in a ratio of two to 
one. Within each segment, the step size is constant. 

The output levels are midway between the corre- 
sponding decision levels. The output levels yn are 
related to the input levels Xn by the expression: 



yn 



. Xn-1 + Xn 



0 < n ^ 128 




Figure 10. Codec Transfer Characteristic 
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Theoretical A-Law^Positlve input Values (for Negative input Values, Invert Bit 1) 



1 


2 


3 


4 


5 


6 


7 


8 


Segment 


No. of Steps 


Value at 
Segment 
End Points 


Decision 

Value 
Number n 


Decision 


PqMWord(4) 


Normalized 
Value 


Dedoder 
Output 


Number 


X Step Size 


Value Xn(i) 


Bit Number 
12 3 4 5 6 7 8 


at Decoder 
Output yi|(5) 


Value 
Number 






4096(3) 


(128) 


(4096) 




1 










11111111 


4032 


128 








127 
1 


3968 
1 








7 


1 6 X 1 28 




1 
1 
1 

113 


1 
1 
1 

2176 


(Note 2) 


1 

] 


1 
] 












11110 0 0 0 


2112 


113 






2048 


112 
1 


2048 








Q 


16 X 64 




1 
1 
1 

97 


1 
1 

1088 


f Note 9\ 


1 
] 


1 
] 












1110 0 0 0 0 


1056 


97 






1024 


96 
1 


1024 
1 








5 


16 X 32 




1 
1 
1 

81 


1 
1 
1 

544 




1 
] 


1 
[ 












110 10 0 0 0 


528 


81 






512 


80 

1 


512 








4 


16x 16 




1 
1 
1 

65 


1 
1 

272 


(Note 2) 


1 
[ 


1 
] 












110 0 0 0 0 0 


264 


65 






256 


64 
1 


256 








3 


16x8 




1 
1 

49 


1 
1 
1 

136 


(Note 2) 


1 
] 


1 

] 












10 110 0 0 0 


132 


49 






128 


48 
1 


128 








2 


16x4 




1 
1 
1 

33 


1 
1 

68 


(Note 2) 


1 
1 


1 
1 












10 10 0 0 0 0 


66 


33 






64 


32 
1 


64 
1 








1 


32x2 




1 
1 
1 
1 


1 
1 

2 


(Not© 2) 
















10 0 0 0 0 0 0 


1 


1 








0 


0 









NOTES: 

1. 4096 normalized value units correspond to the value of the on-chip voltage reference. 

2. The PCM word corresponding to positive input values between two successive decision values numbered n and n + 1 
(see column 4) is (128 + n) expressed as a binary number. 

3. Xi28 is a virtual decision value. 

4. The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 2911 A 
provides for the inversion of the even order bits on both the send and receive sections, 

5. The voltage output on the VFr lead is equal to the normalized value given in the table, augmented by an offset. The 
offset value is approximately 15 mV. 
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APPLICATIONS 



Holding Capacitor 

For an 8 KHz sampling system the transmit holding 
capacitor CAPx should be 2000 pF ±20%. 
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Figure 11. Circuit Interface^Witliout 
External Auto Zero 



Filters Interface 

The filters may be interfaced as shown in the circuit 
Interface diagrams. Note that the output pulse 
stream is of the non-return-to-zero type and hence 
requires the (sin x)/x correction provided by the 
291 2A filter. 



Dx Buffering 

For higher drive capability or increased system reli- 
ability it may be desirable that the Dx output of a 
group of Codecs be buffered from the system PCM 
bus with an external three-state or open collector 
buffers. A buffer can be enabled with the appropriate 
Codec generated TSx signal or signals. TSx signal 
may also be used to activate external zero code sup- 
pression logjc^ since the occurrence of an active 
state of any TSx implies the existence of PCM voice 
bits (as opposed to transparent data bits) on the 
bus. 
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Figure 12. Circuit Interface— With 
External Auto Zero 



Auto Zero 

The 2911 A contains a transparent on-chip auto zero 
plus a device pin for implementing a sign-bit driven 
external auto zero feedback loop. The on-chip auto 
zero reduces the input offset voltage of the encoder 
(VFx) to '©ss than 3 mV. For most telephony applica- 
tions, this input offset is perfectly acceptable, since it 
insures the encoder is biased in the lower 25% of 
the first segment. 

Where lower input offset is required the external 
auto zero loop may be used to bias the encoder ex- 
actly at the zero crossing point. The consequence of 
the external auto zero loop, aside from extra compo- 
nents, is the addition of the dithering auto-zero sig- 
nal to the input signal, resulting In slightly higher idle 
channel noise (approximately 2 dB) than when the 
external loop is not used. Consequently, where the 
application permits, it is recommended that the ex- 
ternal auto zero loop not be used. When not used, 
the AUTO pin should float. 

The circuit interface with external auto zero drawing 
shows a possible connection between VFx and 
AUTO leads with the recommended values of 
Ci=0.3 juiF, Ri = 150 Kfl, R2 = 330n, and 
R3 = 470 Ka 
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ABSOLUTE MAXIMUM RATINGS' 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature - SS^'C to + 1 SO^'C 

All Input or Output Voltages with 

Respect to Vbb - 0.3V to + 20V 

Vcc Vdd. GRDA, and GRDA with Respect 

to Vbb -0.3V to +20V 

Power Dissipation 1 .35W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = 0°Cto +70°C, Vpp = +12V ±5%, Vcc = +5V ±5%, Vbb = -5V ±5%, GRDA = OV, GRDD = OV, 
unless otherwise specified. 



DIGITAL INTERFACE 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 




Typd) 


IVlax 


l|L 


Low Level Input Current 






10 


juiA 


V|N < V,L 


l|H 


High Level Input Current 






10 


ju,A 


V|N > V|H 


V|L 


Input Low Voltage 






0.6 


V 




V|H 


Input High Voltage 


2.2 






V 




Vol 


Output Low Voltage 






0.4 


V 


Dx. 'OL = 4.0 mA 

TSx, Iql = 3-2 mA, open drain 

PDN, Iql = 1 -6 mA, open drain 


VOH 


Output High Voltage 


2.4 






V 


Dx. 'oh = 15 mA 



ANALOG INTERFACE 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typd) 


Max 


Zai 


Input Impedance when 
Sampling, VFx 


125 


300 


500 


n 


In series with CAPx to GRDA, 
-3.1V < V|N < 3.1V 


Zao 


Small Signal Output 
Impedance, VFr 


100 


180 


300 


n 


-3.1V < VouT < 3.1V 


VOR 


Output Offset Voltage at VFr 


-50 




50 


mV 


Minimum code to Dp 


V|X 


Input Offset Voltage at VFx 


-5 




5 


mV 


Minimum positive code 
produced at Dx 


Vol 


Output Low Voltage at AUTO 




Vbb 


(Vbb +2) 


V 


400 m to GRDA 


VoH 


Output High Voltage at AUTO 


(Vcc -2) 


Vcc 




V 


400 Kn to GRDA 
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D.C. CHARACTERISTICS 

Ta = O'Cto +70°C, VpD = +12V ±5%, Vcc = +5V ±5%, Vbb = -5V ±5%, GRDA = OV, GRDD = OV, 
unless otherwise specified. (Continued) 



POWER DISSIPATION 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


l\/lin 


Typd) 


Max 


•ddo 


Standby Current 




0.7 


1.1 


nnA 


Auto Output = Open 

Clock Frequency = 2.048 MHZ 


'ceo 


Standby Current 




4.0 


7.0 


mA 


Ibbo 


Standby Current 




1.0 


2.5 


mA 


•ddi 


Operating Current 




11 


16 


mA 


icci 


Operating Current 




13 


21 


mA 


Ibbi 


Operating Current 




4.0 


6.0 


mA 



NOTE: 

1 . Typical values are for Ta = 25''C and nominal power supply values. 



A.C. CHARACTERISTICS 

Ta = 0°Cto +70°C,VpD = +12V ±5%, Vcc = +5V ±5%, Vbb = -5V ±5%. GRDA - OV, GRDD = OV. 
unless otherwise specified. 



TRANSMISSION 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typd) 


Max 


S/D 


Signal to Total Distortion Ratio. 
CCITTG.712 Method 2 


37 






dB 


Signal level 0 dBmO to 
-30 dBmO 




(Half Channel) 


31 






dB 


Signal level to -40 dBmO 






26 






dB 


Signal level to -45 dBmO 


AG 


2911 A 

Gain Tracking Deviation 
Half ChannelO) 
Reference Level - 1 0 dBmO 




±0.25 
±0.60 
±1.5 


±0.30 
±0.70 
±1.8 


dB 
dB 
dB 


VFx = 1.02 KHz, sinusoid 
-40 dBmO ^ VFx <> +3 dBmO 
-50 dBmO ^ VFx < -40 dBmO 
-55 dBmO <. VFx < -50 dBmO 


AGv 


AG Variation with Supplies 
Half Channel 




±0.0002 
±0.0004 


±0.0004 
±0.0008 


dB/mV 
dB/mV 


-40 dBmO <. VFx ^ +3 dBmO 
-50 dBmO <. VFx < -40 dBmO 


AGt 


AG Variation with 
Temperature Half Channel 




±0.001 
±0.002 


±0.002 
±0.005 


dB/°C 


-40 dBmO ^ VFx ^ +3 dBmO 
-50 dBmO ^ VFx < -40 dBmO 


N|C 


Idle Channel Noise 




-85 


-78 


dBmOp 


Quiet Code. (Note 2) 


HD 


Harmonic Distortion 
(2nd or 3rd) 




-48 


-44 


dB 


VFx = 1.02 KHz, OdBmO; 
measured at decoder output VFr 


IMDi 
IMD2 


Intermodulation Distortion 
0.712(7.1) 
0.712(7.2) 






-45 
-50 


dB 
dBmO 


CCITTG.712 
Two Tone Method 
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A.C. CHARACTERISTICS 

Ta = 0°Cto +70X, VpD = +12V ±5%, Vcc = +5V ±5%, Vbb = -5V +5%,GRDA = OV. GRDD = OV. 
unless otherwise specified. (Continued) 



GAIN AND DYNAMIC RANGE 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


mn 


Typd) 


Max 


DmW 


Digital Milliwatt Response 


5.58 


5.66 


5.78 


dBm 


23°C, nominal supplies^ 


DrnWr 


DmWo Variation with 
Temperature 




-0.001 


-0.002 


dSrC 


Relative to 23"C(4) 


DmWs 


DmWo Variation 
with Supplies 






±0.07 


dB 


Supplies ±5%(4) 


Air 


Input Dynamic Range 


2.183 


2.213 


2.243 


Vrms 


Using D.C. and A.C. tests(5) 
23°C, nominal supplies 


A|RT 


Input Dynamic Range 
vs Temperature 






-0.5 


mVRMs/'C 


Relative to 23°C 


Airs 


Input Dynamic Range 
vs Supplies 






±18 


mVRMS 


Supplies ±5% 


AoR 


Output Dynamic Range, 
VFr 


2.14 


2.17 


2.20 


Vrms 


23^*0, Nominal Supplies 


AoRT 


AoR Variation with 
Temperature 






-0.5 


rnVRMs/'^C 


Relative to 23°C 


AoRS 


AoR Variation with Supplies 






±18 


mVRMS 


Supplies ±5% 



SUPPLY REJECTION AND CROSSTALK 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Min 


Typd) 


Max 


PSRRi 


Vdd Power Supply Rejection Ratio 


45 






dB 


decoder alone(6) 


PSRR2 


Vbb Power Supply Rejection Ratio 


35 






dB 


decoder alone(6) 


PSRR3 


Vcc Power Supply Rejection Ratio 


50 






dB 


decoder alone(6) 


PSRR4 


Vdd Power Supply Rejection Ratio 


50 






dB 


encoder alone(7) 


PSRR5 


Vbb Power Supply Rejection Ratio 


45 






dB 


encoder alone(7) 


PSRRe 


Vcc Power Supply Rejection Ratio 


50 






dB 


encoder alone(7) 


CTr 


Crosstalk Isolation, Receive Side 


75 


80 




dB 


(Note 8) 


CTt 


Crosstalk Isolation, Transmit Side 


75 


80 




dB 


(Note 9) 


CAPX 


Input Sample and Hold Capacitor 


1600 


2000 


2400 


PF 





NOTES: 

1 . Typical values are for Ta = 25*'C and nominal power supply values. 

2. If the external auto zero is used N|c has a typical value of -76 dBmO. 

3. Tested and guaranteed at aS'C, nominal supplies. 

4. Dr of Device Under Test (D.U.T.) driven with repetitive digital word sequence specified in CCITT recommendation G.711. 
Measurement made at VFr output. 

5. With the D.C. method the positive and negative clipping levels are measured and A|r is calculated. With the A.C. method 
a sinusoidal Input signal to VFx is used where A|r is measured directly. 

6. D.U.T. decoder; impose 200 mVpp, 1.02 KHz on appropriate supply; measurement made at decoder output; decoder in 
idle channel conditions. 

7. D.U.T. encoder, impose 200 mVpp, 1.02 KHz on appropriate supply; meaurement made at encoder output; encoder in idle 
channel conditions. 

8. VFx of D.U.T encoder = 1.02 KHz, 0 dSmO. Decoder under quiet channel conditions; measurements made at decoder 
output. 

9. VFx = 0 Vrms. Decoder = 1 .02 KHz, 0 dOmO. Encoder under quiet channel conditions; measurement made at encoder 
output. 
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Figure 13. Tracking Deviation (AG) (Half Channel) 




Input Level (dBmO) 
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Figure 14. Signal to Total Distortion Ratio (Half Channel) 
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A.C. CHARACTERISTICS— TIMING SPECIFICATIONd) 

Ta = O^Cto +70*C, VpD = +12V ±5%,Vcc = +5V ±5%,Vbb = -5V ±5%,GRDA = OV. GRDD = OV, 
unless otherwise specified. 



CLOCK SECTION 



Symbol 


Parameter 


Limits 


Unit 


Comments 


MIn 


Max 


tCY 


Clock Period 


485 




ns 


CLKx, CLKr (2.048 MHz systems), CLKc 


tntf 


Clock Rise and Fall Time 


0 


30 


ns 


CLKx, CLKr, CLKq 


tCLK 


Clock Pulse Width 


216 




ns 


CLKx, CLKr, CLKq 


tCDC 


Clock Duty Cycle (tcLK + tcv) 


45 


55 


% 


CLKx, CLKr 



TRANSMIT SECTION 



Symbol 


Parameter 


Limits 


Unit 


Comments 


Min 


Max 


tVFX 


Analog Input Conversion 


20 




Timeslot 


From Leading Edge of Transmit Timeslot(2) 


tDZX 


Data Enabled on IS Entry 


50 


180 


ns 


0 < Cload < 100pF 


tOHX 


Data Hold Time 


80 


230 


ns 


0 < Cload < ioopF 


tHZX 


Data Float on TS Exit 


75 


245 


ns 


Cload = 0 


tsON 


Timeslot X to Enable 


30 


185 


ns 


0 < Cload < ioopF 


tsOFF 


Timeslot X to Disable 


70 


225 


ns 


Cload = 0 


tpSD 


Frame Sync Delay 


15 


150 


ns 





RECEIVE AND CONTROL SECTIONS 



Symbol 


Parameter 


Limits 


Unit 


Comments 


MIn 


Max 


tVFR 


Analog Output Update 


9yi6 


9yi6 


Timeslot 


From Leading Edge of the Channel Timeslot 


^DSR 


Receive Data Setup 


20 




ns 




tDHR 


Receive Data Hold 


60 




ns 




tpSD 


Frame Sync Delay 


15 


150 


ns 




tDSC 


Control Data Setup 


115 




ns 


Microcomputer Mode Only 


^DHC 


Control Data Hold 


115 




ns 


Microcomputer Mode Only 



NOTES: 

1. All timing parameters referenced to 1.5V, except tnzx and tsopF. which reference a high impedance state. 

2. The 20 timeslot minimum insures that the complete A/D conversion will take place under any combination of receive 
interrupt or asynchronous operation of the Codec. Consult an Intel applications specialist or Intel Corporation for applica- 
tions information which would allow operation with less than 20 timeslots. 
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TIMING WAVEFORMS(I) 



TRANSMIT TIMING 
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CONTROL TIMING 



CLK( / 




/ ? \ 


/ 3 \ 


7r * \ 




r / ^ \ / 


' \ / " ^ 




'osr ^ 


^ 0, ^ 

RSTABI IM 


•-'OHC 

^\ ^XWyJ^ST ABL £ yv. 
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NOTE: 

1 . All timing parameters referenced to 1 .5V, except tnzx tsoFF which reference a high impedance state. 
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2912A 

PCM TRANSMIT/RECEIVE FILTER 



■ Low Power Consumption: 

60 mW Typical without Power 
Amplifiers 

80 mW Typical with Power Amplifiers 
0.5 mW Typical Standby 

■ Low Idle Channel Noise: 

2 dBrncO Typical, Receive 
6 dBrncO Typical, Transmit 

■ Excellent Power Supply Rejection: 
40 dB Typical on Vqc ® 50 KHz 
30 dB Typical on Vbb ® 50 KHz 

■ Transmit Filter Rejects Low 
Frequency Noise: 

23 dB @ 60 Hz 
25 dB @ 50 Hz 
50 dB @ 16-2/3 Hz 



Adjustable Gain in Both Directions 

Fully Compatible with the Industry 
Standard Intel 2912 

D3/D4 and CCITT G712 Compatible 

Common Mode Op Amp Input Rejection 
75 dB Typical 

Direct Interface to the Intel 
2910A/2911A PCM Codecs Including 
Stand-By Power Down Mode 

Direct interface with Transformer or 
Electronic Hybrids 

Fabricated with Reliable N-Channel 
MOS Process 



The Intel 291 2A 2nd generation PCM line filter is a fully integrated monolithic device containing the two filters 
of a PCM line or trunk termination. It has improved key parameters of power consumption, idle channel noise, 
and power supply rejection. A single part exceeds both AT&T* D3/D4 and CCITT transmission specs, ex- 
ceeds digital Class 5 central office switching system stringent specifications, and is fully compatible with the 
2912. The primary application for the 291 2A is in telephone systems for transmission, switching, or remote 
concentration. 

An advanced version of the switched capacitor technique used for the 291 2 is used to implement the transmit 
and receive passband filter sections of the 291 2A. The device is fabricated using Intel's reliable two layer 
polysilicon gate NMOS technology. (See Intel Reliability Report RR-24 on the 291 OA, 2911 A, and 2912.) The 
combination of advances in the switched capacitor techniques first used on the 2912 and the NMOS technolo- 
gy results in a monolithic 291 2A filter which is packaged in a standard 16-pin DIP. 




o 


< 




z 

i 


f 



► VFxO @ 



•-PDN (j3) 
•-CLK (j2) 
CLKO (j4) 



lilt 

pwni ypno Vec CROO grda 

O^'MNUMgER ©0 (I) © (5) © 
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Figure 1. Block Diagram 
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VFhO 
PWRI 
PWRO* C 
PWRO- C 
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□ VFxO 

□ GRDA 

□ CLKO 
J PDN 
3 CLK 

□ GROO 

□ VFrI 
D Vcc 
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Pin Names 



VFxI + .VFxI- 


Analog Inputs 


GSx 


Gain Control 


VFxO 


Analog Output 


VFrI 


Analog Input 


VFrO 


Analog Output 


PWRI 


Driver Input 


PWRO +, PWRO - 


Driver Output 


CLK 


Clock Input 


CLKO 


Clock Selection 


PDN 


Power Down 


Vcc 


Power (+5V) 


Vbb 


Power (-5V) 


GRDD 


Digital Ground 


GRDA 


Analog Ground 



Figure 2. Pin Configuration 



*AT&T is a registered trademark of American Telephone and Telegraph Corporation. 
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Table 1. Pin Description 



Symboi 


Pin NO. 


Function 


Description 


VFxl + 


1 


Input 


Analog input of the transmit filter. The VFxi + signal comes 
from the 2 to 4 wire hybrid in the case of a 2 wire line and goes 
through the frequency rejection and the antialiasing filters 
before being sent to the Codec for encoding. 


VFxI- 


2 


Input 


Inverting input of the gain adjustment operational amplifier on 
the transmit filter. 


GSx 


3 


Output 


Output of the gain adjustment operational amplifier on the 
transmit filter. Used for gain setting of the transmit filter. 


VFrO 


4 


Output 


Analog output of the receive filter. This output provides a 
direct interface to electronic hybrids. For a transformer hybrid 
application, VFrO is tied to PRWI and a dual balanced output 
is provided on pins PWRO+ and PWRO-. 


PWRI 


5 


Input 


Input to the power driver amplifiers on the receive side for 
interface to transformer hybrids. High impedance input. When 
tied to Vbb. the power amplifiers are powered down. 


PWRO + 


6 


Output 


Non-inverting side of the power amplifiers. Power driver output 
capable of directly driving transformer hybrids. 


PWRO- 


7 


Output 


Inverting side of the power amplifiers. Power driver output 
capable of directly driving transformer hybrids. 


Vbb 


8 


Power 


-5V ±5% referenced to GRDA 


Vcc 


9 


Power 


+ 5V ± 5% referenced to GRDA 


VFrI 


10 


Input 


Analog input of the receive filter, interface to the Codec 
analog output for PCM applications. The receive filter provides 

the correction needed for sample and hold type Codec 

outputs to give unity gain. The input voltage range is directly 
compatible with the Intel 291 OA and 291 1 A Codecs. 


GRDD 


11 


Ground 


Digital ground return for internal clock generator. 


CLKd) 


12 


Input 


Clock input. Three clock frequencies can be used: 1 .536 MHz, 
1 .544 MHz or 2.048 MHz; pin 14, CLKO, has to be strapped 
accordingly. High impedance input, TTL voltage levels. 


PDN 


13 


Input 


Control input for the stand-by power down mode. An internal 

pull up lu T^ov lo pruviuuu Tur irimriciLfC lu iiic iriiui iua\ anu 
291 1 A PDN outputs. TTL voltage levels. 


CLKOd) 


14 


Input 


Clock (pin 12, CLK) frequency selection. If tied to Vbb. CLK 
should be 1 .536 MHz. If tied to Ground, CLK should be 
1 .544 MHz. If tied to Vcc. CLK should be 2.048 MHz. 


GRDA 


15 


Ground 


Analog return common to the transmit and receive analog 
circuits. Not connected to GRDD internally. 


VFxO 


16 


Output 


Analog output of the transmit filter. The output voltage range 
is directly compatible with the Intel 291 OA and 291 1 A Codecs. 



NOTE: 

1. The three clock frequencies are directly compatible with the Intel 291 OA and 2911 A Codecs. The following table should 
be observed in selecting the clock frequency. 



Codec Clocl( 


Ciocl( Bits/Frame 


CLK, Pin 12 


CLKO, Pin 14 


1.536 MHz 


192 


1.536 MHz 


Vbb(-5V) 


1.544 MHz 


193 


1.544 MHz 


GRDD 


2.048 MHz 


256 


2.048 MHz 


Vcc( + 5V) 
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FUNCTIONAL DESCRIPTION 

The 291 2A provides the transmit and receive filters 
found on the analog termination of a PCM line or 
trunk. The transmit filter performs the anti-aliasing 
function needed for an 8 KHz sampling system, and 
the 50/60 Hz rejection. The receive filter has a low 
pass transfer characteristic and also provides the 
Sinx/x correction necessary to Interface the Intel 
291 OA (jn Law) and 2911 A (A Law) Codecs which 
have a non-return-to-zero output of the digital to an^ 



alog conversion. Gain adjustment Is provided In the 
receive and transmit directions. 

A stand-by, power down mode is included In the 
291 2A and can be directly controlled by the 291 OA/ 
2911 A Codecs. 

The 291 2A can Interface directly with a transformer 
hybrid (2 to 4 wire conversion) or with electronic hy- 
brids; in the latter case the power dissipation Is re- 
duced by powering down the output amplifier provid- 
ed on the 291 2A. 



PABX / CO. SWITCHING SYSTEM / CHANNEL BANK 



9lv 



SUPERVISION 
PROTECTION 



TELEPHONE SET 



OFF -HOOK /ROTARY DIAL PULSES 



BATTERY 
FEED 











291 2A 




2910A 


FILTERS 




CODEC 




4- 







RING CONTROL 



I 



PCM HIGHWAYS 



I 



Figure 3. Typical Line Termination 



FILTER OPERATION 



Transmit Filter Input Stage 

The Input stage provides gain adjustment In the 
pass-band. The Input operational amplifier has a 
common mode range of ± 2.2 volts, a DC offset of 
less than 25 mV, a voltage gain greater than 3000 
and a unity gain bandwidth of 1 MHz. it can be con- 
nected to provide a gain of 20 dB without degrading 
the noise performance of the filter. The load imped- 
ance connected to the amplifier output (GSx) must 
be greater than 1 0K ft in parallel with 25 pF. The 
Input signal on lead VFxl + can be either AC or DC 
coupled. The Input Op Amp can also be used In the 
Inverting mode or differential amplifier mode. The re- 
maining portion of the transmit filter provides a gain 
of + 3 dB In the pass band. 




Figure 4. Transmit Filter Gain Adjustment 
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Receive Filter Output 

The VFrO lead is capable of driving high impedance 
electronic hybrids. The gain of the receive section 
from VFrI to VFrO is: 

f— ) 

vsooo/ 

which when multiplied by the output response of the 
Intel 291 OA and 2911 A Codecs results in a 0 dB gain 
in the pass band. The filter gain can be adjusted 
downward by a resistor voltage divider connected as 
shown in Figure 5. The total resistive load Rlr on 
VFrO should not be less than 10K SI. 
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Figure 5. Receive Fiiter Output Gain Adjustment 

Receive Filter Output Driver Amplifier 
Stage 

A balanced power amplifier is provided in order to 
drive low-impedance loads in a bridged configura- 
tion. The receive filter output VFrO is connected 
through gain setting resistors Ri and R2 to the am- 
plifier input PWRI. The input voltage range on PWRI 
is ± 3.2 volts and the gain is 6 dB for a bridged out- 
put. 

With a 600n load connected between PWRO+ and 
PWRO-, the maximum voltage swing across the 
load is ± 5.0 volts. The series combination of Rs and 
the hybrid transformer must present a minimum A.C. 



load resistance of 600fl to the amplifier In the 
bridged configuration. A typical connection of the 
output driver amplifiers is shown in Figure 6. These 
amplifiers can also be used with loads connected to 
ground. 

When the power amplifier is not needed it should be 
deactivated to save power. This is accomplished by 
tying the PWRI pin to Vge before the device is pow- 
ered up. 



Power Down Mode 

Pin 13, PDN, provides the power down control. 
When the signal on this lead is brought high, the 
291 2A goes into a standby, power down mode. Pow- 
er dissipation is reduced to 0.5 mW. In the stand-by 
mode, all outputs go into a high impedance state. 
This feature allows multiple 291 2As to drive the 
same analog bus on a time-shared basis. 

When power is restored, the settling time of the 
291 2A is typically 15 ms. 

The PDN interface is directly compatible with the In- 
tel 291 OA and 2911 A PDN outputs. Only one com- 
mand from the common control is then necessary to 
power down both the Codec and the Filters of the 
line or trunk Interface. 
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Figure 6. Typical Connection of 
Output Driver Amplifier 
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ABSOLUTE MAXIMUM RATINGS'' 

Temperature Under Bias - 1 0^'C to + 80**C 

Storage Temperature - 65*C to + 1 50"*C 

Supply Voltage with Respect 

toVBB - 0.3V to + 14.0V 

Ail Input and Output Voltages with 

Respect to Vbb -0.3V to + 14.0V 

All Output Currents ± 50 mA 

Power Dissipation 1 Watt 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS Ta = O^'Cto +70°C; Vcc = 5V ±5%; Vbb = -5V ±5%;GRDA = OV; 
GRDD = OV; unless othen^rise specified 



DIGITAL INTERFACE (CLK, CLKO. and PDN Pins) 



Symbol 


Parameter 


MIn 


Typd) 


Max 


Unit 


Test Conditions 


'lic 


Input Load Current, CLK 






10 


jaA 


V|N = GRDD to Vcc 


Ilio 


Input Load Current, CLKO 






10 


jaA 


V|N = Vbb to Vcc 


•lip 


Input Load Current, PDN 






-100 


juA 


V|N = GRDD to Vcc 


V|L 


Input Low Voltage (except CLKO) 






0.8 


V 




V|H 


Input High Voltage (except CLKO) 


2.0 






V 




ViLO 


Input Low Voltage, CLKO 


Vbb 




Vbb +0-5 


V 




VllO 


Input Intermediate Voltage, CLKO 


GRDD-0.5 




0.8 


V 




V|HO 


Input High Voltage, CLKO 


Vcc-0-5 




Vcc 


V 





POWER DISSIPATION 



Symbol 


Parameter 


Min 


Typd) 


Max 


Unit 


Test Conditions 


'ceo 


Vcc standby Current 




50 


100 


]aA 


PDN = V|H MIn 


Ibbo 


Vbb Standby Current 




50 


100 


JLlA 


PDN = V|H MIn 


'CC1 


Vcc Operating Current, Power 
Amplifiers Inactive 




6 


10 


mA 


PWRI = Vbb<2) 


'bbi 


Vbb Operating Current, Power 
Amplifiers Inactive 




6 


10 


mA 


PWRI = Vbb<2) 


ICC2 


Vcc Operating Current 




8 


14 


mA 




IbB2 


Vbb Operating Current 




8 


14 


mA 





NOTES: 

1 . Typical values are for Ta = 25*0 and nominal power supply values. 

2. To place the power amplifiers in the inactive mode PWRI must be tied to Vbb P^ior to power-up. 
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D.C. CHARACTERISTICS Ta = O^Cto +70°C; Vcc = 5V ±5%; Vbb = -5V ±5%;GRDA = OV; 
GRDD = OV; unless otherwise specified (Continued) 

ANALOG INTERFACE, TRANSMIT FILTER INPUT STAGE 



Symbol 


Parameter 


MIn 


Typd) 


Max 


Unit 


Test Conditions 


'bxi 


Input Leakage Current, VFxl + , VFxl - 






100 


nA 


-2.2V < V|N < 2.2V 


Rixi 


Input Resistance, VFxl + . VFxl ~ 


10 






ua 




Vosxi 


Input Offset Voltage, VFxl + . VFxl ~ 






25 


mV 




CMRR 


Common Mode Rejection, VFxl + . VFxl ~ 


60 


75 




dB 


-2.2V < V|N < 2.2V, 

OdBmO = 1.1 Vrms. Input at VFxl - 


AvOL 


DC Open Loop Voltage Gain, GSx 


3000 










fc 


Open Loop Unity Gain Bandwidth, GSx 




1 




MHz 




Voxi 


Output Voltage Swing, GSx 


±2.5 






V 


Rl^ 10 KH 


Clxi 


Load Capacitance, GSx 






25 


PF 




Rlxi 


Minimum Load Resistance, GSx 


10 






Kn 


Minimum Rl 



ANALOG INTERFACE, TRANSMIT FILTER (See Figure 9) 



Symbol 


Parameter 


MIn 


Typd) 


Max 


Unit 


Test Conditions 


Rox 


Output Resistance, VFxO 




20 


35 


a 




VoSX 


Output DC Offset, VFxO 






100 


mV 


VFxl + Connected to GRDA, 
Input Op Amp at Unity Gain 


PSRRi 


Power Supply Rejection of Vcc at 
1 KHz, VFxO 


30 


40 




dB 


Note 2 


PSRR2 


Power Supply Rejection of Vbb at 
1 KHz, VFxO 


25 


30 




dB 


Note 2 


Clx 


Load Capacitance, VFxO 






25 


pF 




Rlx 


Minimum Load Resistance, VFxO 


2.7 






m 


Minimum Rl 


Voxi 


Output Voltage Swing, 1 KHz, VFxO 


±3.2 






V 


Rl^ 10 Kfl or with 291 OA 
or 2911 A 


V0X2 


Output Voltage Swing, 1 KHz, VFxO 


±2.5 






V 


Rl ^ 2.7 KH 



NOTES: 

1 . Typical values for Ta = 25''C and nominal power supply values. 

2. PSRRi,2 include op amp in transmit section. 
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D.C. CHARACTERISTICS Ta = 0°Cto Vcc = 5V ±5%; Vbb = -5V ±5%; GRDA = OV; 

GRDD = OV; unless otherwise specified (Continued) 



ANALOG INTERFACE, RECEIVE FILTER (See Figure 10) 



Symbol 


ParaiTiGter 


Min 


Typd) 


Max 


Unit 


Test Conditions 


Idd 
'Dri 


Input Leakage Current, VFrI 






3 


jixA 


-3.2V < V|N < 3.2V 




Input Resistance, VFrI 


1 






Ma 




Rqr 


Output Resistance, VFrO 






100 


a 




Vqsr 


Output DC Offset VFrO 






100 


mv 


VFrI Connected to GRDA 


PSRR3 


Power Supply Rejection of Vcc at 
1 KHz, VFrO 


30 


45 




dB 




PSRR4 


Power Supply Rejection of Vbb a* 
1 KHz, VFrO 


30 


35 




. dB , 






Load Capacitance, VFrO 






25 


PF 




Rlr 


Minimum Load Resistance, VFrO 


10 






Ka 


Minimum Rl 


VOR 


Output Voltage Swing, VFrO 


±3.2 






V 


Rl = 10 Ka 



ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 



Symbol 


Parameter 


MIn 


Typd) 


Max 


Unit 


Test Conditions 


•bra 


Input Leakage Current, PWRI 






3 


jxA 


-3.2V < V|N < 3.2V 


R[RA 


Input Resistance, PWRI 


10 






Ma 




RORA 


Output Resistance, PWRO + , PWRO- 




1 




a 


IIoutI < 10 mA 
-3.0V < VouT < 3.0V 


VoSRA 


Output DC Offset, PWRO + , PWRO- 






50 


mV 


PWRI Connected to GRDA 


Clra 


Load Capacitance, PWRO + , PWRO- 






100 


pF 




V0RAI 


Output Voltage Swing Across Rl, 
PWRO + , PWRO- Single Ended 
Connection 


±3.2 






V 


Rl = 10 Ka 


Rl Connected 
to GRDA 
fo ^ 200 Hz 


±2.9 






V 


Rl = 60oa 


±2.5 






V 


Rl = 30oa 


VoRA2 


Differential Output Voltage Swing, 
PWRO + , PWRO - 
Balanced Output Connection 


±6.4 






V 


Rl = 20 Ka 


Rl Connected 
between PWRO + 
and PWRO - 
fo > 200 Hz 


±5.8 






V 


Rl = 1200a 


±5.0 






V 


Rl = 60oa 



NOTE: 

1 . Typical values are for Ta = 25*'C and nominal power supply values. 
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2912A 



A.C. CHARACTERISTICS Ta = 0°Cto +70*'C;Vcc = 5V ±5%; Vbb = -5V ±5%;GRDA = OV; 
GRDD = OV; unless otherwise specified 

Clock Input Frequency: CLK = 1 .536 MHz ± 0.1 %; CLKO = V|lo (Tied to Vbb) 
CLK = 2.048 MHz ±0.1 %; CLKO = V|ho (Tied to Vcc) 
CLK = 1.544 MHz ±0.1%; CLKO = V||o (Tied to GRDD) 



TRANSMIT FILTER TRANSFER CHARACTERISTICS 

(See Transmit Filter Transmit Characteristics, Figure 7) 



Symbol 


Parameter 


MIn 


Typd) 


Max 


Unit 


Test Conditions 


Grx 


Gain Relative to Gain at 1 KHz 










0 dBmO Input Signal 
Gain Setting Op Amp 
Unity Gain 

OdBmO Signal = 1.1 Vrms 
Input at VFxI- 

0 dBmO Signal = 1 .6 Vrms 
Output at VFxO 


16.67 Hz 




-56 


-50 


dB 


50 Hz 






-25 


dB 


60 Hz 






-23 


dB 


200 Hz 


-1.8 




-0.125 


dB 


300 Hz to 3000 Hz 


-0.125 




0.125 


dB 


3300 Hz 


-0.35 




0.03 


dB 


3400 Hz 


-0.7 




-0.1 


dB 


4000 Hz 






-14 


dB 


4600 Hz and Above 






-32 


dB 


Gax 


Absolute Passband Gain at 1 KHz, 
VFxO 


2.9 


3.0 


3.1 


dB 


Rl = oo(3) 


Gaxt 


Gain Variation with Temperature at 
1 KHz 




0.0002 


0.002 


dB/°C 


0 dBmO Signal Level 


Gaxs 


Gain Variation with Supplies at 1 KHz 




0.01 


0.07 


dB/V 


0 dBmO Signal Level, 
Supplies ±5% 


CTrt 


Cross Talk, Receive to Transmit, 
Measured at VFxO 
VFxO 

vrpu 




-75 


-65 


dB 


VFrI = 1.6 Vrms, 1 KHz 
Input, VFxl + , VFxI- 
Connected to GSx, GSx 
Connected through 1 0 KH to 
GRDA 


NCX1 


Total C Message Noise at Output, VFxO 




6 


11 


dBrncO 
(Note 2) 


Gain Setting Op Amp at 
Unity Gain 


^^cx2 


Total C Message Noise at Output, VFxO 




9 


13 


dBrncO 
(Note 2) 


Gain Setting Op Amp at 
20 dB Gain 


Ddx 


Differential Envelope Delay, VFxO 
1 KHz to 2.6 KHz 






60 


JUS 




Dax 


Absolute Delay at 1 KHz, VFxO 






110 


/XS 




DPxi 


Single Frequency Distortion Products 






-48 


dB 


0 dBmO Input Signal at 1 KHz 


DPx2 


Single Frequency Distortion Products at 
Maximum Signal Level of + 3 dBmO at 
VFxO 






-45 


dB 


0-16 Vrms 1 KHz Input 
Signal at VFxl + ; Gain 
Setting Op Amp at 20 dB 
Gain. The + 3 dBmO Signal 
at VFxO is 2.26 Vrms 
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2912A 



A.C. CHARACTERISTICS Ta = 0**Cto +70''C; Vcc = 5V ±5%; Vbb = -5V ±5%;GRDA = OV; 
GRDD = OV; unless otherwise specified (Continued) 

Clock Input Frequency: CLK = 1 .536 MHz ±0.1 %; CLKO = V|lo (Tied to Vbb) 
CLK = 1.544 MHz ±0.1 %; CLKO = V||o (Tied to GRDD) 
CLK = 2.048 MHz ±0.1 %; CLKO = V|ho (Tied to Vcc) 



RECEIVE FILTER TRANSFER CHARACTERISTICS (See Receive Filter Transfer Characteristics, Figures) 



Symbol 


Parameter 


MIn 


Typd) 


Max 


Unit 


Test Conditions 


Gpp 


Gain Relative to Gain at 1 KHz with 
Sinx/x Correction of 291 OA or 291 1 A 










0 dBmO Input Signal 

0 dBmO Sigrtal = 1 .6 Vr^s x 


Below 200 Hz 






0.125 


dB 


200 Hz 


-0.5 




0.125 


dB 


300 Hz to 3000 Hz 


-0.125 




0.125 


dB 


3300 Hz 


-0.35 




0.03 


dB 


Input at VFrI (— j 


3400 Hz 


-0.7 




-0.1 


dB 


4000 Hz 






-14 


dB 


4600 Hz and Above 






-30 


dB 


Gar 


Absolute Passband Gain at 1 KHz, VFrO 


-0.1 


0 


+ 0.1 


dB 


Rl = oo(3,4) 


Gart 


Gain Variation with Temperature at 
1 KHz 




0.0002 


0.002 


dB/°C 


0 dBmO Signal Level 


Gars 


Gain Variation with Supplies at 1 KHz 




0.01 


0.07 


dB/V 


0 dBmO Signal Level, 
Supplies ±5% 


CTtr 


Cross Talk, Transmit to Receive, 
Measured at VFrO; 
20 log (VFrO/VFxO) 




-70 


-60 


dB 


VFxl = 1.1 VrmsJKHz 
Output, VFrI Connected to 
GRDA 


NcR 


Total C Message Noise at Output, VFrO 




2 


6 


dBrncO 
(Note 2) 


VFrO Output or PWRO 4- and 
PWRO- Connected with 
Unity Gain 


Ddr 


Differential Envelope Delay, VFrO, 
1 KHz to 2.6 KHz 






100 


jUlS 




Dar 


Absolute Delay at 1 KHz, VFrO 






110 


jUS 




DPri 


Single Frequency Distortion Products 






-48 


dB 


0 dBmO Input Signal at 1 KHz 


DPr2 


Single Frequency Distortion Products at 
Maximum Signal Level of + 3 dBmO at 
VFrO 






-45 


dB 


4- 3 dBmO Signal Level of 
2.26 Vrms. 1 KHz Input at 
VFrI 



NOTES: 

1 . Typical Values are for Ta = 25°C and nominal power supply values. 

2. A noise measurement of 12 dBrnc into a 600ft load at the 291 2A device is equivalent to 6 dBrncO. 

3. For gain under load refer to output resistance specs and perform gain calculation. 

4. Output is non-inverting. 
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TRANSFER CHARACTERISTICS 



EXPANDED 
SCALE 



«0.125dB 

300 Hz •I-0.125CIB 
•-0.125dB 3000 Hz 

200 Hz ^ ^ ^ { f ^ f { ^ {{{ ^ ^ <{ ^ < 



+0.03 dB 
" 3300 Hz 



<'^i:C-0.10dB 
3400 Hz 




-I.SdB , 

200 Hz 
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Typical niter 
Transfer Function 



EXPANDED 
SCALE 



♦0.125clB ♦0.125dB 
200 Hz 300 Hz 
{ ^ ^ / ^ ^ ^ / ^ ^ ^4^/ ^ ^ ^ 



♦0.125dB 
3000 Hz 



-0.50 dB 
200 Hz 



k-0.125d 

T^' 300 Hz 



-0.125dB 
3000 Hz 



^ Typical 



100 Hz /3300 Hz 

^TTTTty^ 3400Hz 
^\ -0.35 dB 



-0.70 dB 
3400 Hz 



/////////////////UX 



-20 dB _ 



-T-TT-] 
100 Hz 



^ Typical - 



Filter Transfer Function 
When multiplied by 



(sooo) 



which is the ^ output 
response of the INTEL 
291 OA and 2911 A CODECS. 

irf 
"8000* 



Where X = 



' ' ' I 
1 KHz 



< -14dB 
/;4000 Hz 



/-30dB 
'4600 Hz , , _ , 



270159-8 



Figure 8. Receive Filter 

NOTES: 

1. Typical Transfer Function of the Receive Filter as a Separate Component. 

2. Typical Transfer Function of the Receive Filter Driven by the Sample and Hold Output of the Intel 291 OA and 2911 A 
CODECS. The Combined Filter/CODEC Response Meets the Stated Specifications. 
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POWER SUPPLY REJECTION TYPICAL VALUES OVER 3 RANGES 
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Figure 9. Transmit Fiiter 
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Figure 10. Receive Filter 
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2913 AND 2914 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 



2913 Synchronous Clocks Only, 300 Mil 
Package 

2914 Asynchronous Clocks, 8th Bit 
Signaling, Loop Back Test Capability 

AT&T D3/D4 and CCITT Compatible for 
Synchronous Operation 

Pin Selectable jui-Law or A-Law 
Operation 

Two Timing Modes: 

— Fixed Data Rate Mode 
1.536, 1.544, or 2.048 MHz 

— Variable Data Rate Mode 
64 KHz 2.048 MHz 



■ Exceptional Analog Performance 

■ 28-Pin Plastic Leaded Chip Carrier 
(PLCC) for Higher Integration 

■ Low Power HMOS-E Technoiogy: 
— 5 m W Typical Power Down 

— 140 mW Typical Operating 

■ Fully Differential Architecture Enhances 
Noise Immunity 

■ On-Chip Auto Zero, Sample and Hold, 
and Precision Voltage References 

■ Direct Interface with Transformer or 
Electronic Hybrids 



The Intel 2913 and 2914 are fully integrated PCM codecs with transmit/receive filters fabricated in a highly 
reliable and proven N-channel HMOS silicon gate technology (HMOS-E). These devices provide the functions 
that were formerly provided by two complex chips (291 OA or 2911 A and 291 2A). Besides the higher level of 
integration, the performance of the 2913 and 2914 is superior to that of the separate devices. 

The primary applications for the 2913 and 2914 are in telephone systems: 

• Switching— Digital PBX's and Central Office Switching Systems 

• Transmission— D3/D4 Type Channel Banks and Subscriber Carrier Systems 

• Subscriber Instruments— Digital Handsets and Office Workstations 

The wide dynamic range of the 2913 and 2914 (78 dB) and the minimal conversion time make them ideal 
products for other applications such as: 

• Voice Store and Forward • Secure Communications Systems 

• Digital Echo Cancellers • Satellite Earth Stations 



PWRO+ M 2 
PWRO- C 3 

PDnC 5 

clkselC « 

DCLK„ C 7 
QRDO C K 
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□ VFxl - 

□ VFkI + 
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□ fSx/OCLKx 

□ fSk 

□ CLKk 
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2914 
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Figure 1. Pin Configurations 
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Order Number: 210629-003 
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Table 1. Pin Names 



Name 


VCOwl I|JIIUI 1 


Name 


li/C9wl I|JIIUI 1 


Vqd 

vBB 






1 1 cii idi 1 II I vjiciii I oui 1 11 yji 


PWRO + PWRO — 




wpvl— \/Fvl4- 


Analrin InmitQ 






VJl ri Ur\ 


rMidiuy vjiiuuiiu 


PDN 


Power Down Select 


NC 


No Connect 


CLKSEL 


Master Clock Frequency 


SIGx 


Transmit Signaling Input 


LOOP 


Analog Loop Back 


ASEL 


ju- or A-Law Select 


SIGr 


Receive Signaling Output 


TSx 


Timeslot Strobe/ Buffer Enable 


DCLKr 


Receive Variable Data Clock 


DCLKx 


Transmit Variable Data Clock 


Dr 


Receive PCM Input 


Dx 


Transmit PCM Output 


FSr 


Receive Frame 
Synchronization Clock 


FSx 


Transmit Frame 
Synchronization Clock 


GRDD 


Digital Ground 


CLKx 


Transmit Master Clock 


Vcc 


Power (+5V) 


CLKr 


Receive Master Clock (2914 
Only, Internally Connected 
to CLKx on 2913) 



Table 2. Pin Description 



Symbol 


Function 


Vbb 


Most negative supply; input voltage is -5V ±5%. 


PWRO + 


Non-inverting output of power amplifier. Can drive transformer hybrids or high impedance 
loads directly in either a differential or single ended configuration. 


PWRO- 


Inverting output of power amplifier. Functionally identical and complementary to PWRO+ . 


GSr 


Input to the gain setting network on the output power amplifier. Transmission level can be 
adjusted over a 1 2 dB range depending on the voltage at GSr. 


PDN 


Power down select. When PDN is TTL high, the device is active. When low, the device is 
powered down. 


CLKSEL 


Input which must be pinstrapped to reflect the master clock frequency at CLKx, CLKr. 

CLKSEL = Vbb 2.048 MHz 

CLKSEL = GRDD 1 .544 MHz 

CLKSEL = Vcc .1.536 MHz 


LOOP 


Analog loopback. When this pin is TTL high, the analog output (PWRO + ) is internally 
connected to the analog input (VFxl + ), GSr is internally connected to PWRO-, and 
VFxl - is internally connected to GSx- A 0 dBmO digital signal input at Dr is returned as a 
+ 3 dBmO digital signal output at Dx- 


SIGr 


Signaling bit output, receive channel. In fixed data rate mode, SIGr outputs the logical 
state of the eighth bit of the PCM word in the most recent signaling frame. 


DCLKr 

IL 


Selects the fixed or variable data rate mode. When DCLKr is connected to Vbb. the fixed 
data rate mode is selected. When DCLKr is not connected to Vbb. the device operates in 
the variable data rate mode. In this mode DCLKr becomes the receive data clock which 
operates at TTL levels from 64 Kb to 2.048 Mb data rates. 
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Table 2. Pin Description (Continued) 



Symbol 


Function 


Dr 


Receive PCM input. PCM data is clocked in on this lead on eight consecutive negative 
transitions of the receive data clock; CLKr in the fixed data rate mode and DCLKr in 
variable data rate mode. 


FSr 


8 KHz frame synchronization clock input/timeslot enable;' receive channel. A multi-function 
input which in fixed data rate mode distinguishes between signaling and non-signaling 
frames by means of a double or single wide pulse respectively. In variable data rate mode 
this signal must remain high for the entire length of the timeslot. The receive channel 
enters the standby state whenever FSr is TTL low for 300 milliseconds. 


GRDD 


Digital ground for all internal logic circuits. Not internally tied to GRDA. 


CLKr . 


Receive master and data clock for the fixed data rate mode; receive master clock only in 
variable data rate mode. 


CLKx ^ 


Transmit master and data clock for the fixed data rate mode; transmit master clock only in 
variable data rate mode. ' 


FSx 


8 KHz frame synchronization clock input/timeslot enable, transmit channel. Operates 
independently but in an analogous manner to FSr. 

The transmit channel enters the standby state whenever FSx TTL low for 300 
milliseconds. 


Dx 


Transmit PCM output. PCM data is clocked out on this lead on eight consecutive positive 
transitions of the transmit data clock: CLKx ^'xed data rate mode and DCLKx in variable 
data rate mode. 


TSy/DCLKv 


Transmit channel timeslot strobe (output) or data clock (input) for the transmit channel. In 
fixed data rate mode, this pin is an open drain output designed to be used as an enable 
signal for a three-state buffer. In variable data rate mode, this pin becomes the transmit 
data clock which operates at TTL levels from 64 Kb to 2.048 Mb data rates. 


SIGx/ASEL 


A dual purpose pin. When connected to Vbb. A-law operation is selected. When it is not 
connected to Vbb this pin is a TTL level input for signaling operation. This input is 
transmitted as the eighth bit of the PCM word during signaling frames on the Dx lead. If not 
used as an input pin, ASEL should be strapped to either Vcc O'' GRDD. 




No connect. 


GRDA 


Analog ground return for all internal voice circuits. Not internally connected to GRDD. 


VFxl + 


Non-inverting analog input to uncommitted transmit operational amplifier. 


VFxI- 


Inverting analog input to uncommitted transmit operational amplifier. 


GSx 


Output terminal of transmit channel input op amp. Internally, this is the voice signal input to 
the transmit filter. 


Vcc 


Most positive supply; input voltage is + 5V ± 5%. 
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FUNCTIONAL DESCRIPTION 

The 2913 and 2914 provide the anaiog-to-digital and 
the digital-to-analog conversions and the transmit 
and receive filtering necessary to interface a full du- 
plex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TDM) sys- 
tem. They are intended to be used at the analog 
termination of a PCM line or trunk. 



The following major functions are provided: 

• Bandpass filtering of the analog signals prior to 
encoding and after decoding 

• Encoding and decoding of voice and call prog- 
ress information 

• Encoding and decoding of the signaling and su- 
pervision information 



SWITCHING 




FUNCTIONAL BLOCK DIAGRAM OF A LINE 
CIRCUIT WITH SEPARATE SIGNALING/ 
CONTROL HIGHWAYS 



FUNCTIONAL BLOCK DIAGRAM OF A LINE 
CIRCUIT WITH BORROWED 8th BIT 
SIGNALING 
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SIGNALING USING BORROWED Bth BIT 
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Figure 3. Typical Line Terminations 
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GENERAL OPERATION 



System Reliability Features 

The combochip can be powered up by pulsing FSx 
and/ or FSr while a TTL high voltage is applied to 
PDN, provided that all clocks and supplies are con- 
nected. The 2913 and 2914 have internal resets on 
power up (or when Vbb or Vcc are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 

On the transmit channel, digital outputs Dx and TSx 
are held in a high impedance state for approximately 
four frames (500 jms) after power up o r application of 
Vbb or Vcc- After this delay, Dx, TSx, and signaling 
will be functional and will occur in the proper time- 
slot. The analog circuits on the transmit side require 
approximately 60 milliseconds to reach their equilib- 
rium value due to the autozero circuit settling time. 
Thus, valid digital information, such as for on/off 
hook detection, is available almost immediately, 
while analog information is available after some de- 
lay. 

On the receive channel, the digital output SIGr is 
also held low for a maximum of four frames after 
power up or application of Vbb or Vcc- SIGr will 
remain low thereafter until it is updated by a signal- 
ing frame. 

To further enhance system reliability, TSx and Dx 
will be placed in a high impedance state approxi- 
mately 30 juLS after an interruption of CLKx- Similarly, 
SIGr will be held low approximately 30 jus after an 
interruption of CLKr. These interruptions could pos- 
sibly occur with some kind of fault condition. 



Power Down and Standby Modes 

To minimize power consumption, two power down 
modes are provided in which most 2913/2914 func- 
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown in 
Table 3, the digital outputs on the appropriate chan- 
nels are placed in a high impedance state until the 
device returns to the active mode. 

The Power Down mode utilizes an external control 
signal to the PDN pin. In this rriode, power consump- 
tion is reduced to the value shown in Table 3. The 
device is active when the signal is high and ina ctive 
when it is low. In the absence of any signal, the PDN 
pin floats to TTL high allowing the device to remain 
active continuously. 

The Standby mode leaves the user an option of 
powering either channel down separately or power- 
ing the entire device down by selectively removing 
FSx and/or FSr. With both channels in the standby 
state, power consumption is reduced to the value 
shown in Table 3. If transmit only operation is de- 
sired, FSx should be applied to the device while FSr 
is held low. Similarly, if receive only operation is de- 
sired, FSr should be applied while FSx is ^^^^ 'ow. 



Fixed Data Rate Mode 

Fixed data rate timing, which is 291 OA and 2911 A 
compatible, is selected by connecting DCLKr to 
Vbb- It employs master clocks CLKx and CLKr, 
frame synchronization clocks FSx anci FSr, and out- 
put TSx- 



Table 3. Power-Down Methods 



Device Status 


Power-Down 
Method 


Typical 
Power 
Consumption 


Digital Output Status 


Power Down 
Mode 


PDN = TTL Low 


5mW 


TSx and Dx are placed in a high impedance 
state and SIGr is placed in a TTL low state 
within 10 /xs. 


Standby Mode 


FSx and FSr are 
TTL Low 


12 mW 


TSx and Dx are placed in a high impedance 
state and SIGr is placed in a TTL low state 300 
milliseconds after FSx and FSr are removed. 


Only Transmit Is 
on Standby 


FSx is TTL Low 


70 mW 


TSx and Dx are placed in a high impedance 
state within 300 milliseconds. 


Only Receive Is 
on Standby 


FSr is TTL Low 


110 mW 


SIGr is placed in a TTL low state within 300 
milliseconds. 
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CLKx and CLKr serve both as master clocks to op- 
erate the codec and filter sections and bit clocks to 
clock the data in and out from the PCM highway. 
FSx and FSr are 8 KHz inputs which set the sam- 
pling frequency and distinguish between signaling 
and non-signaling frames by their pulse width. A 
frame synchronization pulse which is one master 
clock wide designates a non-signaling frame, while a 
double wide sync pulse enables the signaling func- 
tion. TSx is a timeslpt strobe/buffer enable output 
which gates the PCM word onto the PCM highway 
when an external buffer is used to drive the line. 

Data is transmitted on the highway at Dx on the first 
eight positive transitions of CLK)( following the rising 
edge of FSx- Similarly, on the receive side, data is 
received on the first eight falling edges of CLKr. The 
frequency of CLKx and CLKr is selected by the 
CLKSEL pin to be either 1 .536. 1 .544, or 2.048 MHz. 
No other frequency of operation is allowed in the 
fixed data rate mode. 



Variable Data Rate Mode 

Variable data rate timing is selected by connecting 
DCLKr to the bit clock for the receive PCM highway 
rather than to Vbb- employs master clocks CLKx 
and CLKr, bit clocks DCLKr etpd DCLKx, and frame 
synchronization clocks FSr and FSx- 

Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequen- 
cy of the bit clocks, which can be asynchronous in 
the case of the 2914 or synchronous in the case of 
the 2913, from 64 KHz to 2.048 MHz. Master clock's 
inputs are still restricted to 1.536, 1.544, or 2.048 
MHz. 



In this mode, DCLKr and DCLKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx 's high, PCM data from Dx is transmitted 
onto the highway on tjie next eight consecutive posi- 
tive transitions of DCLKx- Similarly, while FSr is 
highC each PCM^bit from the highway is received by 
Dr on the next eight consecutive negative tran- 
sitions of DCLKr. 

On the transmit side, the PCM word will be repeated 
in ail remaining timeslots in the 125 jms frame as long 
as DCLKx is pulsed and FSx 's held high. This fea- 
ture allows the PCM word to be transmitted to the 
PCM highway more than once per frame, if desired, 
and is only available in the variable data rate mode. 
Conversely, signaling is only allowed in the fixed 
data rate mode since the variable mode provides no 
means with which to specify a signaling frame. 



Signaling 

Signaling can pnly be performed with the 24-pin de- 
vice in the fixed data rate timing mode (DCLKr = 
Vbb)- Signaling frames on the transmit and receive 
sides are independent of one another and are se- 
lected by a double-width frame sync pulse on the 
appropriate channel. During a transmit signaling 
frame, the codec will encode the incoming analog 
signal and substitute the signal present on SIGx for 
the least significant bit of the encoded PCM word. 
Similarly, in a receive signaling frame, the codec will 
decode the seven most significant bits according to 
CCITT recommendation G.733 and output the logi- 
cal state of the LSB on the SIGr lead until it is up- 
dated in the next signaling frame. Timing relation- 
ships for signaling operation are shown in Figure 4. 




Ox ZDC2D<EX2D<SX!MDCEXS)C::Z'~ 
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Figure 4. Signaling Timing (Used Oniy with Fixed Data Rate iVIode) 
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Asynchronous Operation 

The 2914 can be operated with asynchronous 
clocks in either the fixed or variable data rate 
modes. In order to avoid crosstalk problems associ- 
ated with special interrupt circuitry, the design of the 
Intel 2913/2914 combochip includes separate digi- 
tal-to-analog converters and voltage references on 
the transmit and receive sides to allow independent 
operation of the two channels. 

In either timing mode, the master clock, data clock, 
and timeslot strobe must be synchronized at the be- 
ginning of each frame. CLKx and DCLKx are syn- 
chronized once per frame but may be of different 
frequencies. The receive channel operates in a simi- 
lar manner and is completely independent of the 
transmit timing (refer to Variable Data Rate Timing 
Diagrams). This approach requires the provision of 
two separate master clocks, even in variable data 
rate mode, but avoids the use of a synchronizer 
which can cause intermittent data conversion errors. 



Analog Loopback 

A distinctive feature of the 2914 is its analog loop- 
back capability. This feature allows the user to send 
a control signal which internally connects the analog 
input and output ports. As shown in Figure 5, when 
LOOP is TTL high the analog output (PWRO + ) is 
internally connected to the analog input (VFxH-), 
GSr is internally connected to PWRO - , and VFxl - 
is internally connected to GSx- 

With this feature, the user can test the line circuit 
remotely by comparing the digital codes sent into 
the receive channel (Dr) with those generated on 
the transmit channel (Dx). Due to the difference in 
transmission levels between the transmit and re- 
ceive sides, a 0 dBmO code sent into Dr will 



emerge from Dx as a +3 dBmO code, an implicit 
gain of 3 dB. Thus, the maximum signal input level 
which can be tested using analog loopback is 
0 dBmO. 



Precision Voitage References 

No external components are required with the com- 
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique uses a difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature and bias stable reference 
voltage. These references determine the gain and 
dynamic range characteristics of the device. 

Separate references are supplied to the transmit 
and receive sections and each is trimmed indepen- 
dently during the manufacturing process. The refer- 
ence value is then further trimmed in the gain setting 
op-amps to a final precision valge. With this method 
the combochip can achieve the extremely accurate 
Digital Milliwatt Responses specified in the transmis- 
sion parameters, providing the user a significant 
margin for error in other board components. 



Conversion Laws 

The 2913 and 2914 are designed to operate in both 
jLi-law and A-law systems. The user can select either 
conversion law according to the voltage present on 
the SIGx/ASEL pin. In each case the coder and de- 
coder process a companded 8-bit PCM word follow- 
ing CCITT recommendation G.71 1 for jm-law and A- 
law conversion. If A-law operation is desired, SIGx 
should be tied to Vbb- Thus, signaling is not allowed 
during A-law operation. If jn = 255-law operation is 
selected, then SIGx is a TTL level input which modi- 
fies the LSB of the PCM output in signaling frames. 



yfXl- G8X 



TRANSMIT 
VOICE 



DIQITIZED 
^ PCM 
LOOP BACK 



DIGITIZED 
_PCM 
TEST 
TONE 



COMBOCHIP ANALOG LOOP BACK FUNCTION 



Figure 5. Simplified Biocl( Diagram of 2914 Combochip in tiie Anaiog Loopbacic Configuration 
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TRANSMIT OPERATION 



Transmit Filter 

The input section provides gain adjustment in the 
passband by means of an on-chip operational ampli- 
fier. This operational amplifier has a common mode 
range of ±2.17 volts, a DC offset of 25 mV, an open 
loop voltage gain of 5000, and a unity gain band- 
width of typically 1 MH2. Gain of up to 20 dB can be 
set without degrading the performance of the filter. 
The load impedance to ground (GRDA) at the ampli- 
fier output (GSx) must be greater than 10 KH in par- 
allel with less than 50 pF. The input signal on lead 
VFxl + can be either AC or DC coupled. The input 
op amp can also be used in the inverting mode or 
differential amplifier mode (see Figure 6). 

A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
are required to provide the necessary anti-aliasing 
function for the switched capacitor section of the 
transmit filter. 



frequencies and their harmonics, and other low fre- 
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex- 
ternal components. 



Encoding 

The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per- 
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame. 

An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
ail DC offset is removed from the encoder input 
waveform. 



The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 
channel bank transmission specification and CCITT 
recommendation G.714. The 2913 and 2914 specifi- 
cations meet or exceed digital class 5 central office 
switching systems requirements. The transmit filter 
transfer characteristics and specifications will be 
within the limits shown in Figure 8. 

A high pass section configuration was chosen to re- 
ject low frequency noise from 50 Hz and 60 Hz pow- 
er lines, 17 Hz European electric railroads, ringing 




Figure 6. Transmit Filter Gain Adjustment 



RECEIVE OPERATION 



Decoding 

The PCM word at the Dr lead is serially fetched on 
the first eight data clock bits of the frame. A D/A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample Is then 
transferred to the receive filter. 



Receive Filter 

The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T D3/ 
D4 specification and CCITT recommendation G.714. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive 
filter characteristics and specifications are shown in 
Figure 9. 



Receive Output Power Amplifiers 

A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. Ei- 
ther of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a 
bridged load directly. The output stage is capable of 
driving loads as low as 300 ohms single ended or 
600 ohms differentially. 
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Table 4. Zero Transmission Level Points 



Symbol 


Parameter 


Value 


Units 


Test Conditions 


OTLPIx 


Zero Transmission Level Point 
Transmit Channel (0 dBmO) jbt-Law 


+ 276 
+ 1.00 


dBm 
dBm 


Referenced to 600a 
Referenced to 900n 


0TLP2x 


Zero Transmission Level Point 
Transmit Channel (0 dBmO) A-Law 


+ 2.79 
+ 1.03 


dBm 
dBm 


Referenced to 600n 
Referenced to 900n 


0TLP1R 


Zero Transmission Level Point 
Receive Channel (0 dBmO) jn-Law 


+ 5.76 
+ 4.00 


dBm 
dBm 


Referenced to 600n 
Referenced to 90011 


0TLP2R 


Zero Transmission Level Point 
Receive Channel (0 dBmO) A-Law 


+ 6.79 
+ 4.03 


dBm 
dBm 


Referenced to 600ft 
Referenced to 900n 



The receive channel transmission level may be ad- 
justed between specified limits by manipulation of 
the GSr input. GSr is internally connected to an 
analog gain setting network. When GSr is strapped 
to PWRO-, the receive level is maximized; when It 
is tied to PWRO+, the level is minimized. The out- 
put transmission level interpolates between 0 dB 
and -12 dB as GSr is interpolated (with a potenti- 
ometer) between PWRO+ and PWRO-. The use 
of the output gain set is illustrated in Figure 7. 

Transmission levels are specified relative to the re- 
ceive channel output under digital milliwatt condi- 
tions, that is, when the digital input at Dr is the eight- 
code sequence specified in CCITT recommendation 
G.711. 



OUTPUT GAIN SET: DESIGN 
CONSIDERATIONS 



(Refer to Figure 7) 

PWRO+ and PWRO- are low impedance comple- 
mentary outputs. The voltages at the nodes are: 



V.+ 

JL 



> © 



© 



© 



PWRO<»- 



2913 
OR 

GSr 2»1< 



Dr 



Dion-AL 

INPUT 



± 
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Figure 7. Gain Setting Configuration 



Vo+ at PWRO+ 
Vq- at PWRO- 

Vq = (Vo+) - (Vo-)(total differential response) 

Ri and R2 are a gain setting resistor network with 
the center tap connected to the GSr input. 

A value greater than 10K ohms for Ri + R2 and 
less than 100K ohms for Ri in parallel with R2 is 
recommended because: 

(a) The parallel combination of R-i + R2 and Rl sets 
the total loading. 

(b) The total capacitance at the GSr input and the 
parallel combination of Ri and R2 define a time 
constant which has to be minimized to avoid in- 
accuracies. 

A is the gain of the power amplifiers, where 

, 1 + (R1/R2) 

4 + (Ri/R2) 

For design purposes, a useful form is R1/R2 as a 
function of A. 



R1/R2 = 



4A - 1 
1 - A 



(Allowable values for A are those which make R1/R2 
positive.) 

Examples are: 

If A = 1 (maximum output), then 

R1/R2 = 00 or V(GSr) = Vq-; 
i.e., GSr is tied to PWRO- 

If A = Va, then 

R1/R2 = 2 

If A = %, (minimum output) then 

R1/R2 = 0 or V(GSr) = Vo+; 
i.e., GSr is tied to PWRO +. 
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ABSOLUTE MAXIMUM RATINGS 

Temperature under Bias - lO'^C to + 80**C 

Storage Temperature -65'C to + 150**C 

Vcc and GRDD 

with Respect to Vge - 0.3V to + 1 5V 

All Input and Output Voltages 

with Respect to Vbb - 0.3V to + 1 5V 

Power Dissipation 1 .35W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 



D.C. CHARACTERISTICS 

Ta = O^C to 70**C, Vcc = +5V ±5%. Vbb = -5V ±5%, GRDA = OV, GRDD = OV, unless otherwise 
specified 

Typical values are for Ta = 25^ and nominal power supply values 



DIGITAL INTERFACE 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


l|L 


Low Level Input Current 






10 


JLlA 


GRDD ^ V|N ^ V|lO) 


i|H 


High Level Input Current 






10 


juA 


V|H ^ V,N ^ Vcc 


V|L 


Input Low Voltage, except CLKSEL 






0.8 


V 




V|H 


Input High Voltage, except CLKSEL 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


lOL = 3.2 mA at Dx, TSx and SIGr 


VOH 


Output High Voltage 


2.4 






V 


lOH = 9-6 mA at Dx 
lOH = 1.2 mA at SIGr 


ViLO 


Input Low Voltage. CLKSEL(2) 


Vbb 




Vbb 

+ 0.5 


V 




VllO 


Input Intermediate Voltage, CLKSEL 


GRDD 
- 0.5 




0.5 


V 




V|HO 


Input High Voltage, CLKSEL 


Vcc 

- 0.5 




Vcc 


V 




Cox 


Digital Output Capacitance(3) 




5 




PF 






Digital Input Capacitance 




5 


10 


PF 
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D.C. CHARACTERISTICS 

Ta = 0°C to 70°C, Vcc = +5V ±5%, Vbb = -5V ±5%, GRDA = OV, GRDD = OV, unless otherwise 
specified 

Typical values are for Ta = 25°C and nominal power supply values (Continued) 



POWER DISSIPATION All measurements made at fpcLK = 2.048 MHz, outputs unloaded 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


•cci 


Vcc Operating Current(5) 




14 


19 


mA 




'bbi 


Vbb Operating Current 




-18 


-24 


mA 




'ceo 


Vcc Power Down Current 




0.5 


1.0 


mA 


PDN ^V|l; after 10 juis 


Ibbo 


Vbb Power Down Current 




-0.5 


-1.0 


mA 


PDN ^ V|l; after 10 ju,s 


'ccs 


Vcc Standby Current 




1.2 


2.4 


mA 


FSx, FSr <. V|l; after 300 ms 


'bbs 


Vbb Standby Current 




-1.2 


-2.4 


mA 


FSx, FSr <. V|l; after 300 ms 


Pdi 


Operating Power Dissipation(4) 




140 


200 


mW 




PdO 


Power Down Dissipation(4) 




5 


10 


mW 


PDN ^V|l; after 10 juts 


PST 


Standby Power Dissipation^ 




12 


25 


mW 


FSx, FSr^Vil 



NOTES: 

1 . V|N is the voltage on any digital pin. 

2. SIGx and DCLKr are TTL level inputs between GRDD and Vcc; they are also pin straps for mode selection when tied to 
Vbb- Under these conditions V|lo is the input low voltage requirement. 

3. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to 
a common PCM highway without buffering, assuming a board capacitance of 60 pF. 

4. With nominal power supply values. 

5. Vcc applied last or simultaneously with Vbb- 



ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


'bxi 


Input Leakage Current, VFxl + , VFxl - 






100 


nA 


-2.17V <, V|N ^ 2.17V 


Rixi 


Input Resistance, VFxl + . VFxl ~ 


10 






Mn 




Vqsxi 


Input Offset Voltage, VFxl + . VFxl - 






25 


mV 




CMRR 


Common Mode Rejection, VFxl + . VFxl ~ 


55 






dB 


-2.17V ^ V|N <• 2.17V 


AvOL 


DC Open Loop Voltage Gain, GSx 


5000 










fc 


Open Loop Unity Gain Bandwidth, GSx 




1 




MHz 




Clxi 


Load Capacitance, GSx 






50 


pF 




Rlxi 


Minimum Load Resistance, GSx 


10 






Kn 





ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STAGE 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


Rqra 


Output Resistance, PWRO + , PWRO- 




1 




n 




VqSRA 


Single-Ended Output DC Offset, PWRO + , 
PWRO- 




75 


±150 


mV 


Relative to GRDA 




Load Capacitance, PWRO + , PWRO- 






100 


pF 
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A.C. CHARACTERISTICS— TRANSMISSION PARAMETERS 

Unless otherwise noted, the analog input is a 0 dBmO, 1020 Hz sine wave.C) Input amplifier is set for unity 
gain, noninverting. The digital input is a PCM bit stream generated by passing a 0 dOmO, 1 020 Hz sine wave 
through an ideal encoder. Receive output is measured single ended, maximum gain configuratron.(2) All output 
levels are (sin x)/x corrected. Specifications are for synchronous operation. Typical values are for Ta = 25°C 
and nominal power supply values. (Ta = O'^C to +70°C; Vcc = +5V ±5%; Vbb = -5V ±5%; GRDA = OV; 
GRDD = OV; unless otherwise specified). 



GAIN AND DYNAMIC RANGE 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


EmW 


Encoder Milliwatt Response 
Tolerance 


-0.18 


±0.04 


+ 0.18 


dBmO 


Signal input of 1 .064 Vrms jn-law 
Signal input of 1 .068 Yrms A-law 
Ta = 25*'C. Vbb = -5V, Vcc = +5V 


EmWjs 


EmW Variation with 
Temperature and Supplies 


-0.07 


±0.02 


+ 0.07 


dB 


± 5% supplies, 0 to 70**C 
Relative to nominal conditions 


DmW 


Digital Milliwatt Response 
Tolerance 


-0.18 


±0.04 


+ 0.18 


dBmO 


Measure relative to OTLPr. Signal 
input per CCITT Recommendation 
G.71 1 . Output signal of 1000 Hz, 
Rl = oo;Ta = 25°C; 
Vbb= -5V,Vcc= +5V. 


DmWjs 


DmW Variation with 
Temperature and Supplies 


-0.07 


+ 0.02 


+ 0.07 


dB 


± 5% supplies, 0 to 70*'C 



NOTES: 

1 . 0 dBmO is defined as the zero reference point of the channel under test (OTLP). This corresponds to an analog signal 
input of 1 .064 Vrms or an output of 1 .503 Vrms for ju,-law. See Table 4. 

2. Unity gain input amplifier: GSx is connected to VFxl-, Signal input VFxl + ; Maximum gain output amplifier; GSr is 
connected to PWRO-, output to PWRO+. 



GAIN TRACKING Reference Level = - 10 dBmO 



Symbol 


Parameter 


2913-1, 2914-1 


2913, 2914 


Unit 


Test Conditions 


MIn 


Max 


MIn 


Max 


GTlx 


Transmit Gain Tracking Error 
Sinusoidal input; jit-Law 




±0.2 
±0.3 
±0.65 




±0.25 
±0.5 
±1.2 


dB 
dB 
dB 


+ 3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 


GT2x 


Transmit Gain Tracking Error 
Sinusoidal Input; A-Law 




±0.2 
±0.3 
±0.65 




±0.25 
±0^5 
±1.2 


dB 
dB 
dB 


+ 3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 


GTiR 


Receive Gain Tracking Error 
Sinusoidal Input; jm-Law 




±0.2 
±0.3 
±0.65 




±0.25 
±0.5 
±1.2 


dB 
dB 
dB 


+ 3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 

Measured at PWRO+, 

Rl = 300n 


GT2r 


Receive Gain Tracking Error 
Sinusoidal Input; A-Law 




±0.2 
±0.3 
±0.65 




±0.25 
±0.5 
±1.2 


dB 
dB 
dB 


+ 3 to -40 dBmO 
-40 to -50dBmO 
-50 to -55 dBmO 

Measured at PWRO+, 

Rl = 30011 
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A.C. CHARACTERISTICS— TRANSMISSION PARAMETERS (Continued) 



NOISE All receive channel measurements are single ended 



Symbol 


Parameter 


2913-1, 2914-1 


2913, 2914 


Unit 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


NxC1 


Transmit Noise, C-Message 
Weighted 






13 






15 


dBrncO 


VFxl+ = GRDA,VFxl- = 
GSx 


NXC2 


Transmit Noise, C-Message 
Weighted with 
Eighth Bit Signaling 






16 






18 


dBrncO 


VFxl+ = GRDA, VFxl- = 
GSx; 6th Frame Signaling 


Nxp 


Transmit Noise, 
Psophometrically Weighted 






-77 






-75 


dBmOp 


VFxl+ = GRDA, VFxl- = 
GSx 


Nrci 


Receive Noise, C-Message 
Weighted: Quiet Code 






8 






11 


dBrncO 


Dr = 11111111 


Nrc2 


Receive Noise, C-Message 
Weighted: Sign Bit Toggle 






9 






12 


dBrncO 


Input to Dr is zero code with 
sign bit toggle at 1 KHz rate 


Nrp 


Receive Noise, 
Psophometrically Weighted 






-82 






-79 


dBmOp 


Dr = lowest positive 
decode level 


NSF 


Single Frequency Noise 
End to End Measurement 






-50 






-50 


dBmO 


CCITTG.71 2.4.2, 
measure at PWRO+ 


PSRRi 


Vcc Power Supply Rejection, 
Transmit Channel 




-30 






-30 




dB 


Idle channel; 200 mV P-P 

signal on supply; 

0 to 50 KHz, measure at Dx 


PSRR2 


Vbb Power Supply Rejection, 
Transmit Channel 




-30 






-30 




dB 


Idle channel; 200 mV P-P 

signal on supply; 

0 to 50 KHz, measure at Dx 


PSRR3 


Vcc Power Supply Rejection, 
Receive Channel 




£.0 










dB 


Idle channel; 200 mV P-P 
signal on supply; measure 
narrow band at PWRO + , 
0 to 50 KHz 


PSRR4 


Vbb Power Supply Rejection, 
Receive Channel 




-25 






-25 




dB 


Idle channel; 200 mV P-P 
signal on supply; measure 
narrow band at PWRO + , 
0 to 50 KHz 


CTtr 


Crosstalk, Transmit 
to Receive 






-80 






-71 


dB 


VFxl+ = OdBmO, 
1.02 KHz, Dr = lowest 
positive decode level, 
measure at PWRO + 


CTrt 


Crosstalk, Receive 
to Transmit 






-80 






-71 


dB 


Dr = OdBmO, 1.02 KHz 
VFxl+ = GRDA, 
measure at Dx 
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A.C. CHARACTERiSTICS^TRANSMISSION PARAMETERS (Continued) 



DISTORTION 



oymDOl 


rarameier 


Min 


Typ 


Max 


1 Init 

unii 


1 esi oonuiiions 


SD1x 


Transmit Signal to Distortion, jm-Law 
Sinusoidal Input; 
uuN 1 o.f 14-ivieinoa 4C 


36 
30 






dB 
dB 

Qd 


Oto -30 dBmO 
-30 to -40 dBmO 

*\\J 10 — 40 QDmu 


SD2x 


Transmit Signal to Distortion, A-Law 
oinusoiuai inpui, 
CCITTG.714-Method2 


36 
25 






dB 
Qd 
dB 


oto -30 dBmO 
— ou 10 — 4U uDmu 
-40 to -45 dBmO 




RGceivG Signal to Distortion, jit-Law 
Sinusoidal Input; 
CCITTG.714-Method2 


Oft 

30 
25 






Qd 
dB 
dB 


u 10 — ou QDmu 
-30 to -40dBmO 
-40 to -45 dBmO 


SD2r 


Receive Signal to Distortion, A-Law 
Sinusoidal Input; 
CCITTG.714-Method2 


36 
30 
25 






dB 
dB 
dB 


0to-30dBm0 
-30to-40dBmO 
-40 to -45dBmO 


DPx 


Transmit Single Frequency Distortion 
Products 






-46 


dBmO 


AT&T Advisory #64 (3.8) 
0 dBmO Input Signal 


DPr 


Receive Single Frequency Distortion 
Products 






-46 


dBmO 


AT&T Advisory #64(3.8) 
0 dBmO Input Signal 


IMD1 


Intermodulation Distortion, 
End to End Measurement 






-35 


dB 


CCITTG.712 (7.1) 


IMU2 


Intermodulation Distortion, 
End to End Measurement 






— 4y 


Qbmu 




SOS 


Spurious Out of Band Signals, 
End to End Measurement 






-25 


dBmO 


CCITTG.712 (6.1) 


SIS 


Spurious in Band Signals, 
End to End Measurement 






-40 


dBmO 


CCITTG.712 (9) 


Dax 


Transmit Absolute Delay 




245 




jllS 


Fixed Data Rate. CLKx = 2.048 MHz 
OdBmO, 1.02 KHz 
signal at \/Fy\ + 
Measure at Dx- 


Ddx 


Transmit Differential Envelope Delay 
Relative to Dax 




170 
95 
45 
105 




) jltS 
juS 
jltS 
juS 


f = 500 - 600 Hz 
f = 600 - 1000 Hz 
f = 1000 - 2600 Hz 
f = 2600 - 2800 Hz 


Dar 


Receive Absolute Delay 




190 




jms 


Fixed Data Rate, CLKr = 2.048 
MHz; Digital input is DMW 
codes. Measure at PWRO+ . 


Ddr 


Receive Differential Envelope Delay 
Relative to Dar 




45 
35 
85 
110 




jms 
juS 

JLAS 

jmS 


f = 500 - 600 Hz 
f = 600 - 1000 Hz 
f = 1000 - 2600 Hz 
f = 2600 - 2800 Hz 
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A.C. CHARACTERISTICS— TRANSMISSION PARAMETERS (Continued) 

TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 

Input amplifier is set for unity gain; noninverting; maximum gain output. 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


Grx 


Gain Relative to Gain at 1 .02 KHz 










0 dBmO Signal input at VFxl + 




16.67 Hz 






-30 


dB 






50 Hz 






-25 


dB 






60 Hz 






-23 


dB 






200 Hz 


-1.8 




-0.125 


dB 






300 to 3000 Hz 


-0.125 




+ 0.125 


dB 






3300 Hz 


-0.35 




+ 0.03 


dB 






3400 Hz 


-0.7 




-0.10 


dB 






4000 Hz 






-14 


dB 






4600 Hz and Above 






-32 


dB 






10Hz 100Hz IKHz lOKHz 

210629-11 



Figure 8. Transmit Channel 
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A.C. CHARACTERISTICS— TRANSMISSION PARAMETERS (Continued) 
RECEIVE CHANNEL TRANSFER CHARACTERISTICS 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


Grr 


Gain Relative to Gain at 1 .02 KHz 










0 dBmO Signal input at Dp 




Below 200 Hz 






+ 0.125 


dB 






200 Hz 


-0.5 




+ 0.125 


dB 






300 to 3000 Hz 


-0.125 




+ 0.125 


dB 






3300 Hz 


-0.35 




+ 0.03 


dB 






3400 Hz 


-0.7 




-0.1 


dB 






4000 Hz 






-14 


dB 






4600 Hz and Above 






-30 


dB 





EXPANDED 
SCALE 



+0.125dB ♦0.125dB +0.125dB 
200 Hz 300 Hz 3000 Hz 



-0.50 dB 
200 Hz 



V ^ / y> ^ / ^ y> / / y> ^ ^ / ? / y> / y> y> y> y> ^ 

■0.125dB \ -0.125dB 
300 Hz \ 3000 Hz 

\ TYPICAL 

-0.70 dB > 
3400 Hz 



-0.03 dB 
3300 Hz 

-O.IOdB 
3400 Hz 



-0.35 dB 
3300 Hz 




10Hz 100Hz IKHz lOKHz 

210629-12 

Figure 9. Receive Channei 
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A.C. CHARACTERISTICS— TIMING PARAMETERS 

CLOCK SECTION 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tCY 


Clock Period, CLKx, CLKr 


488 






ns 


fCLKX = fCLKR = 2.048 MHz 


tCLK 


Clock Pulse Width, CLKx, CLKr 


220 






ns 




^DCLK 


Data Clock Pulse Width 


220 






ns 


64 KHz ^ fDCLK ^ 2.048 MHz 


tCDC 


Clock Duty Cycle, CLKx, CLKr 


45 


50 


55 


% 




tr.tf 


Clock Rise and Fall Time 


5 




30 


ns 





TRANSi\/IIT SECTION, FIXED DATA RATE M0DE(1) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tpzx 


Data Enabled on IS Entry 


0 




145 


ns 


0 < CloaD < lOOpF 


tODX. 


Data Delay from CLKx 


0 




145 


ns 


0 < CloAD < 100pF 


tHZX 


Data Float on IS Exit 


60 




215 


ns 


Cload = 0 


tSON 


Timeslot X to Enable 


0 




145 


ns 


0 < Cload < ioopF 


tSOFF 


Timeslot X to Disable 


60 




215 


ns 


Cload = 0 


tpSD 


Frame Sync Delay 


100 




tCLK 


ns 




tss 


Signal Setup Time 


0 






ns 




tSH 


Signal Hold Time 


0 






ns 





RECEIVE SECTION, FIXED DATA RATE MODE 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tOSR 


Receive Data Setup 


10 






ns 




tOHR 


Receive Data Hold 


60 






ns 




tpSD 


Frame Sync Delay 


100 




tCLK 


ns 




tSIGR 


SIGr Update 


0 




2 


JUS 





NOTE: 

1 . Timing parameters tpzx. tHZX. and tsoFF are referenced to a high impedance state. 



6-63 



inteT 



2913 and 2914 



WAVEFORMS 



Fixed Data Rate Timing 

TRANSMIT TIMING 



u tcv — 



FSx 

NONSIQNALINQ 
FRAMES 

FSx 

SIGNALING 
FRAMES 





SIGx 



NOTE: 

All timing parameters referenced to Vm and V|l except tozx. ^SOFF 2ind tHzx which reference a high impedance state. 



RECEIVE TIMING 



CLKb 



I- tCY 

1* * | <CLK 



S 

NON-SIGNALING — ' >^ 
FRAMES 



FSr 

SIGNALING 
FRAMES 





SIGr 



)^WlD 



NOTE: 

All timing parameters referenced to V|h and V|l. 
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WAVEFORMS (Continued) 

TRANSMIT SECTION, VARIABLE DATA RATE MODEd) 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


trsDX 


Timeslot Delay from DCLKx(2) 


140 




tDX - 140 


ns 




tpsD 


Frame Sync Delay 


100 




tcY - 100 


ns 




tODX 


Data Delay from DCLKx 


0 




100 


ns 


0 < CloaD < 100pF 


toON 


Timeslot to Dx Active 


0 




50 


ns 


0 < Cload < 100 pF 


tOOFF 


Timeslot to Dx Inactive 


0 




80 


ns 


0 < Cload < lOOpF 


tox 


Data Clock Period 


488 




15620 


ns 




tOFSX 


Data Delay from FSx 


0 




140 


ns 





RECEIVE SECTION, VARIABLE DATA RATE MODE 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tjSDR 


Timeslot Delay from DCLKr(3) 


140 




tDR - 140 


ns 




tpSD 


Frame Sync Delay 


100 




tcY - 100 


ns 




tOSR 


Data Setup Time 


10 






ns 




tOHR 


Data Hold Time 


60 






ns 




tOR 


Data Clock Period 


488 




15620 


ns 




tSER 


Timeslot End Receive Time 


60 






ns 





64 KB OPERATION, VARIABLE DATA RATE MODE 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tpSLX 


Transmit Frame Sync Minimum 
Downtime 


488 






ns 


FSx 's TTL high for remainder of 
frame 


tpSLR 


Receive Frame Sync Minimum 
Downtime 


1952 






ns 


FSr is TTL high for remainder of 
frame 


toCLK 


Data Clock Pulse Width 






10 


jms 





NOTES: 

1 . Timing parameters for tpoN and tooFF sire referenced to a high impedance state. 

2. tpsLX minimum requirements override tjsDX maximum spec for 64 KHz operation. 

3. tpsLR minimum requirements override tjSDR maximum spec for 64 KHz operation. 
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VARIABLE DATA RATE TIMING 
TRANSMIT TIMING 



re. 



J 



Dx • 



- <TSOX 




-*DDX 



BITl"^ BIT 2 ^ BIT 3 j j ^ BIT 4 ^ BITs"^ BIT6 ^ ^'^^"^ ^^'^ ^ 



210629-15 



RECEIVE TIMING 



FSr 



DCLKr 



CLKr 



Dr DON'T CARE/] 



♦rsDR 




*OSR- 



tsER 



J^r\f\/\f\f\f\j 



"*DHR 



210629-16 



NOTE: 

All timing parameters referenced to V|h and V|l except tpoN and tooFF which reference a high impedance state. 



A.C. TESTING INPUT, OUTPUT WAVEFORM 




^TEST POINTS<^ 



0.45 

210629-17 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for Logic "0". Timing measurements are made at 2.0V for a Logic 
"1" and 0.8V for a Logic "0". 
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2916/2917 

HMOS COMBINED SINGLE CHIP PCM CODEC AND FILTER 



2916 fi-Law, 2.048 MHz Master Clock 

2917 A-Law, 2.048 MHz Master Clock 

New 16-Pln Package for Higher 
Linecard Density 

AT&T D3/D4 and CCITT Compatible 

Variable Timing Mode for Flexible 
Digital Interface: Supports Data Rates 
from 64 KB to 2.048 MB 

Fully Differential Internal Architecture 
Enhances Noise Immunity 



Fixed Timing Mode for Standard 
32-Channel Systems: 2.048 MHz 
Master Clock 

Low Power HMOS-E Technology 
— 5 m W Typical Power Down 
— 140 mW Typical Operating 

On Chip Auto Zero, Sample and Hold, 
and Precision Voltage References 

Compatible with Direct Mode Intel 
2910A, 2911 A, and 2912A Designs 



The Intel 2916 and 2917 are limited feature versions of Intel's 2913 and 2914 combination codec/filter chips. 
They are fully integrated PCM codecs with transmit/receive filters fabricated in a highly reliable and proven 
N-channel HMOS silicon gate technology (HMOS-E). These devices provide the functions that were formerly 
provided by two complex chips (291 OA or 2911 A and 291 2A). Besides the higher level of integration, the 
performance of the 2916 and 2917 is superior to that of the separate devices. 

The primary applications for the 2916 and 2917 are in telephone systems: 

• Switching— Digital PBX's and Central Office Switching Systems 

• Subscriber Instruments— Digital Handsets and Office Workstations 

Other possible applications can be found where the wide dynamic range (78 dO) and minimum conversion time 
(125 jms) are required for analog to digital interface functions: 

• High Speed Modems • Secure Communications 

• Voice Store and Forward • Digital Echo Cancellation 



Vbb 


C 




16 


□ 


vcc 


PWRO + 


C 


2 


15 


□ 


GSx 


PWRO- 


c 


3 


14 


□ 


VFxI- 


PDN 


c 




13 


□ 


GRDA 


DCLKp 


c 


5 


12 


□ 


TS^x/DCLKx 


Or 


c 


6 


11 


3 


Ox 


FSr 


c 




10 


1 


FSx 


GRDO 


c 


8 , 


9 


1 


CLK 



Figure 1. Pin Configuration 
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AUTO 
ZERO 



SAMPLE 
AND HOLD 
AND DAC 



COMPARATOR 



SUCCESSIVE 
APPROXIMATION 
REGISTER 



DIGITAL 
CONTROL 
LOGIC 



RCV 

SECTION 




SAMPLE 
AND HOLD 
AND DAC 



CONTROL 
SECTION 



CONTROL 
LOGIC 



ANALOG 
CONTROL 
LOGIC 



t t i t 

Vcc Vbb GROD GRDA FSr 



INPUT 
REGISTER 



•-Dx 

k;T^x/DCLKx 



270156-2 



Figure 2. Block Diagram 



Tabie 1. Pin Names 



Name 


Description 


Name 


Description 


Vbb 


Power (-5V) 


GSx 


Transmit Gain Control 


PWRO + .PWRO- 


Power Amplifier Outputs 


VFxi- 


Analog Input 


PDN 


Power Down Select 


GRDA 


Analog Ground 


DCLKr 


Receive Variable Data Clock 


TSx 


Timeslot Strobe/Buffer Enable 


Dr 


Receive PCM Input 


DCLKx 


Transmit Variable Data Clock 


FSr 


Receive Frame 
Synchronization Clock 


Dx 


Transmit PCM Output 


FSx 


Transmit Frame 
Synchronization Clock 


GRDD 


Digital Ground 


Vcc 


Power ( + 5V) 


CLK 


Master Clock 
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Table 2. Pin Description 


Symboi 


Function 


Vbb 


Most negative supply, input voltage is -5 volts ±6%. 


PWRO + 


Non-inverting output of power amplifier. Can drive transformer hybrids or high impedance loads 
directly in either a differential or single ended configuration. 


PWRO- 


Inverting output of power amplifier. Functionally identical and complementary to PWRO+ . 


PDN 


Power down select. When PDN is TTL high, the device is active. When low, the device is 

onwsrfid Hnwn 


DCLKr 


Selects the fixed or variablej data rate mode. When DCLKr is connected to Vbb. the fixed data 
rate mode is selected. When DCLKr is not connected to Vbb. the device operates in the 

veil ICIUIC7 UCllCI 1 Cllv3 IIIWJO. lll,llllO IIIWvIC? Li/WL.r\R M^i'vUlllOO 11 IC7 IC7V/C3IVC7 UCllCI li>IV/V/l\ WMIIi/l 1 CllwO 

at TTL levels from 64 Kb to 2.048 Mb data rates. 


Dr 


Receive PCM input. PCM data is clocked in on this lead on eight consecutive negative 
transitions of the receive data clock; CLK in the fixed data rate mode and DCLKr in variable 
data rate mode. 


FSr 


8 KHz frame synchronization clock input/timeslot enable, receive channel. In variable data rate 
mode this signal must remain high for the entire length of the timeslot. The receive channel 
enters the standby state whenever FSr is TTL low for 300 milliseconds. 


GRDD 


Digital ground for all internal logic circuits. Not internally tied to GRDA. 


CLK 


Master and data clock for the fixed data rate mode* master clock onlv in variable data rate 
jnode. 


FSx 


8 KHz frame synchronization clock input/timeslot enable, transmit channel. Operates 
independently but in an analogous manner to FSr. The transmit channel enters the standby 
^tate whenever F^v TTL low for 300 milli<5Pcond<5 


Dv 


Transmit PCM outout PCM data i9 clocked out on thi^ lead on eioht consecutive Do«5itive 
transitions of the transmit data clock; CLK in fixed data rate mode and DCLKx in variable data 
rate mode. 


TSx/DCLKx 


Transmit channel timeslot strobe (output) or data clock (input) for the transmit channel. In fixed 
data rate mode, this pin is an open drain output designed to be used as an enable signal for a 
three-state buffer. In variable data rate mode, this pin becomes the transmit data clock which 
operates at TTL levels from 64 Kb to 2.048 Mb data rates. 


GRDA 


Analog ground return for all internal voice circuits. Not internally connected to GRDD. 


VFxI- 


Inverting analog input to uncommitted transmit operational amplifier. 


GSx 


Output terminal of on-chip transmit channel input op amp. Internally, this is the voice signal 
input to the transmit filter. 


Vcc 


Most positive supply; input voltage is + 5 volts ± 5%. 
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FUNCTIONAL DESCRIPTION 

The 2916 and 2917 provide the analog-to-digital and 
the digitai-to-anaiog conversions and the transmit 
and receive filtering necessary to interface a full du- 
plex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TDM) sys- 
tem. They are intended to be used at the analog 
termination of a PCM line. 

The following major functions are provided: 

• Bandpass filtering of the analog signals prior to 
encoding and after decoding 

• Encoding and decoding of voice and call prog- 
ress information 

• Encoding and decoding of the signaling and su- 
pervision information 



GENERAL OPERATION 



System Reliability Features 

The combochip can be powered up by pulsing FSx 
and/ or FSr while a TTL high voltage is applied to 
PDN, provided that all clocks and supplies are con- 
nected. The 2916 and 2917 have internal resets on 
power up (or when Vbb or Vcc are re-applied) in 
order to ensure validity of the digital outputs and 
thereby maintain integrity of the PCM highway. 

On the transmit channel, digital outputs Dx and TSx 
are held in a high impedance state for approximately 
four frames (500 fis) after power up or agglication of 
Vbb or Vcc- After this delay, Px and TSx will be 
functional and will occur in the proper timeslot. The 
analog circuits on the transmit side require approxi- 
mately 60 milliseconds to reach their equilibrium val- 
ue due to the autozero circuit settling time. 



To enhance system reliability, TSx and Dx will be 
placed in a high impedance state approximately 
30 lis after an interruption of CLK. 



Power Down and Standby Modes 

To minimize power consumption, two power down 
modes are provided in which most 2916/2917 func- 
tions are disabled. Only the power down, clock, and 
frame sync buffers, which are required to power up 
the device, are enabled in these modes. As shown in 
Table 3, the digital outputs on the appropriate chan- 
nels are placed in a high impedance state until the 
device returns to the active mode. 

The Power Down mode utilizes an external control 
signal to the PDN pin. In this mode, power consump- 
tion is reduced to an average of 5 mW. The device is 
active when the signal is high and ina ctive when it is 
low. in the absence of any signal, the PDN pin floats 
to TTL high allowing the device to remain active con- 
tinuously. 

The Standby mode leaves the user an option of 
powering either channel down separately or power- 
ing the entire device down by selectively removing 
FSx and/or FSp. With both channels in the standby 
state, power consumption is reduped to an average 
of 12 mW. If transmit pniy operation is desired, FSx 
should be applied to the device while FSr is held 
low. Similarly, if receive only Operation is desired, 
FSr should be applied while FSx is held low. 



Fixed Data Rate IMode 

Fixed data rate timing, which is 291 OA and 2911 A 
compatible, is selected by connecting DCLKr to 
Vbb- It employs master clock CLK, frame synchroni- 
zation clocks FSx and FSr, and output TSx- 



Table 3. Power-Down Methods 



Device Status 


Power-Down 
Method 


Typical 
Power 
Consumption 


Digital Output Status 


Power Down Mode 


PDN = TTL Low 


5mW 


TSx and Dx are placed in a high impedance 
state within 10 jms. 


Standby Mode 


FSx and FSr are TTL Low 


12 mW 


TSx and Dx are placed in a high impedance 
state within 300 milliseconds. 


Only Transmit is 
on Standby 


FSx is TTL Low 


70 mW 


TSx and Dx are placed in a high impedance 
state within 300 milliseconds. 


Only Receive is 
on Standby 


FSr is TTL Low 


110mW 
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CLK serves as the master clock to operate the co- 
dec and filter sections and as the bit clock to clock 
the data in and out from the PCM highway. FSx and 
FSr are_8_KHz inputs which set the sampling fre- 
quency. TSx is a timeslot strobe/buffer enable out- 
put which gates the PCM word onto the PCM high- 
way when an external buffer is used to drive the line. 

Data is transmitted on the highway at Dx on the first 
eight positive transitions of CLK following the rising 
edge of FSx. Similarly, on the receive side, data is 
received on the first eight falling edges of CLK. The 
frequency of CLK must be 2.048 MHz. No other fre- 
quency of operation is allowed in the fixed data rate 
mode. 



Variable Data Rate iMode 

Variable data rate timing is selected by connecting 
DCLKr to the bit clock for the receive PCM highway 
rather than to Vbb- 't employs master clock CLK, bit 
clocks DCLKr and DCLKx, and frame synchroniza- 
tion clocks FSr and FSx- 

Variable data rate timing allows for a flexible data 
frequency. It provides the ability to vary the frequen- 
cy of the bit clocks, from 64 KHz to 2.048 MHz. The 
master clock Is still restricted to 2.048 MHz. 

In this mode, DCLKr and DCLKx become the data 
clocks for the receive and transmit PCM highways. 
While FSx 's high, PCM data from Dx is transmitted 
onto the highway on the next eight consecutive posi- 
tive transitions of DCLKx. Similarly, while FSr is 
high, each PCM bit from the highway is received by 
Dr on the next eight consecutive negative tran- 
sitions of DCLKr. 

On the transmit side, the PCM word will be repeated 
in all remaining timeslots in the 1 25 juls frame as long 
as DCLKx is pulsed and FSx is held high. This fea- 
ture allows the PCM word to be ti-ansmitted to the 
PCM highway more than once per frame, if desired, 
and is only available in the variable data rate mode. 



Precision Voitage References 

No external components are required with the com- 
bochip to provide the voltage reference function. 
Voltage references are generated on-chip and are 
calibrated during the manufacturing process. The 
technique uses a difference in sub-surface charge 
density between two suitably implanted MOS devic- 
es to derive a temperature and bias stable reference 
voltage. These references determine the gain and 
dynamic range characteristics of the device. 



Separate references are supplied to the transmit 
and receive sections and each is trimmed indepen- 
dently during the manufacturing process. The refer- 
ence value is then further trimmed in the gain setting 
op-amps to a final precision value. With this method 
the combochip can achieve the extremely accurate 
Digital Milliwatt Responses specified in the transmis- 
sion parameters, providing the user a significant 
margin for error in other board components. 



TRANSIMIT OPERATION 



Transmit Filter 

The input section provides gain adjustment in the 
passband by means of an on-chip operational ampli- 
fier. This operational amplifier has a commoon mode 
range of ±2.17 volts, a maximum DC offset of 
25 mV, a minimum open loop voltage gain of 5000, 
and a unity gain bandwidth of typically 1 MHz. Gain 
of up to 20 dB can be set without degrading the 
performance of the filter. The load impedance to 
ground (GRDA) at the amplifier output (GSx) must 
be greater than 1 0 kilohms in parallel with less than 
50 pF. The input signal on lead VFxJ - can be either 
AC or DC coupled. The input op amp can only be 
used in the inverting mode as shown in Figure 3. 

A low pass anti-aliasing section is included on-chip. 
This section typically provides 35 dB attenuation at 
the sampling frequency. No external components 
are required to provide the necessary anti-aliasing 
function for the switched capacitor section of the 
transmit filter. 



"2 GS^ 

, /WSA 1 




Input 



270156-3 

Figure 3. Transmit Fiiter Gain Adjustment 
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The passband section provides flatness and stop- 
band attenuation which fulfills the AT&T D3/D4 
channel bank transmission specification and CCITT 
recommendation G.714. The 2916 and 2917 specifi- 
cations meet or exceed digital class 5 central office 
switching systems requirements. The transmit filter 
transfer characteristics and specifications will be 
within the limits shown in Figure 4. 

A high pass section configuration was chosen to re- 
ject low frequency noise from 50 and 60 Hz power 
lines, 17 Hz European electric railroads, ringing fre- 
quencies and their harmonics, and other low fre- 
quency noise. Even though there is high rejection at 
these frequencies, the sharpness of the band edge 
gives low attenuation at 200 Hz. This feature allows 
the use of low-cost transformer hybrids without ex- 
ternal components. 



Encoding 

The encoder internally samples the output of the 
transmit filter and holds each sample on an internal 
sample and hold capacitor. The encoder then per- 
forms an analog to digital conversion on a switched 
capacitor array. Digital data representing the sample 
is transmitted on the first eight data clock bits of the 
next frame 

An on-chip autozero circuit corrects for DC-offset on 
the input signal to the encoder. This autozero circuit 
uses the sign bit averaging technique; the sign bit 
from the encoder output is long term averaged and 
subtracted from the input to the encoder. In this way, 
all DC offset is removed from the encoder input 
waveform. 



RECEIVE OPERATION 



Decoding 

The PCM word at the Dp lead is serially fetched on 
the first eight data clock bits of the frame. A D/A 
conversion is performed on the digital word and the 
corresponding analog sample is held on an internal 
sample and hold capacitor. This sample is then 
transferred to the receive filter. 



Receive Filter 

The receive filter provides passband flatness and 
stopband rejection which fulfills both the AT&T D3/ 
D4 specification and CCITT recommendation G.714. 
The filter contains the required compensation for the 
(sin x)/x response of such decoders. The receive 
filter characteristics and specifications will be within 
the limits shown in Figure 5. 



Receive Output Power Amplifiers 

A balanced output amplifier is provided in order to 
allow maximum flexibility in output configuration. Ei- 
ther of the two outputs can be used single ended 
(referenced to GRDA) to drive single ended loads. 
Alternatively, the differential output will drive a 
bridged load directly. The output stage is capable of 
driving loads as low as 300 ohms single ended or 
600 ohms differentially. 

Transmission levels are specified relative to the re- 
ceive channel output under digital milliwatt condi- 
tions, that is, when the digital input at Dp is the eight- 
code sequence specified in CCITT recommendation 
G.711. 



Table 4. Zero Transmission Levei Points 



Symbol 


Parameter 


Value 


Units 


Test Conditions 


OTLPIx 


Zero Transmission Level Point 
Transmit Channel (OdBmO) jn-law 


+ 2.76 
+ 1.00 


dBm 
dBm 


Referenced to 600a 
Referenced to 900n 


0TLP2x 


Zero Transmission Level Point 
Transmit Channel (OdBmO) A-law 


+ 2.79 
+ 1.03 


dBm 
dBm 


Referenced to 600n 
Referenced to 900n 


OTLPIr 


Zero Transmission Level Point 
Receive Channel (OdBmO) jn-law 


+ 5.76 
+ 4.00 


dBm 
dBm 


Referenced to 600n 
Referenced to 900n 


0TLP2r 


Zero Transmission Level Point 
Receive Channel (OdBmO) A-law 


+ 5.79 
+ 4.03 


dBm 
dBm 


Referenced to 600n 
Referenced to 900n 
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ABSOLUTE MAXIMUM RATINGS 

Temperature Under Bias - 1 0^'C to + 80**C 

Storage Temperature - SS^'C to + 1 50°C 

Vcc and GRDD with Respect 

toVBB -0.3V to +15V 

All Input and Output Voltages 

with Respect to Vbb - 0.3V to + 1 5V 

Power Dissipation 1 .35W 



* Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 



D.C. CHARACTERISTICS 

(Ta = O^C to 70°C. Vcc = +5V ±5%. Vbb = -5V ±5%, GRDA = OV. GRDD = OV, unless othenvise 
specified) 

Typical values are for Ta = 25*'C and nominal power supply values. 



DIGITAL INTERFACE 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


l|L 


Low Level Input Current 






10 


juiA 


GRDD^ V|N^ V|L (Notel) 


l|H 


High Level Input Current 






10 


juiA 


V,H ^ V|N ^ Vcc 


V|L 


Input Low Voltage 






0.8 


V 




V|H 


Input High Voltage 


2.0 






V 




Vol 


Output Low Voltage 






0.4 


V 


lOL = 3.2 mA at Dx, TSx 


VOH 


Output High Voltage 


2.4 






V 


lOH = 9-6 mA at Dx 


Cox 


Digital Output Capacitance(2) 




5 




PF 




Qn 


Digital Input Capacitance 




5 


10 


PF 





POWER DISSIPATION 

All measurements made at fpcLK = 2.048 MHz, outputs unloaded. 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


'CC1 


Vcc Operating Current(4) 




14 


19 


mA 




•bbi 


Vbb Operating Current 






-24 


mA 




icco 


Vcc Power Down Current 




0.5 


1.0 


mA 


PDN <. V|l; after 10 juLS 


■bbo 


Vbb Power Down Current 




-0.5 


-1.0 


mA 


PDN <> V|l; after 10 juis 


•cos 


Vcc Standby Current 




1.2 


2.4 


mA 


FSx, FSr ^ V|l; after 300 ms 


'BBS 


Vbb Standby Current 




-1.2 


-2.4 


mA 


FSx, FSr <, V|l; after 300 ms 


Pdi 


Operating Power Dissipation(3) 




140 


200 


mW 




PdO 


Power Down Disslpation(3) 




5 


10 


mW 


PDN <. Vjl; after 10 JULS 


PST 


Standby Power Dissipation(3) 




12 


25 


mW 


FSx. FSr^Vil 



NOTES: 

1 . V|(M is the voltage on any digital pin. 

2. Timing parameters are guaranteed based on a 100 pF load capacitance. Up to eight digital outputs may be connected to 
a common PCM highway without buffering, assuming a board capacitance of 60 pF. 

3. With nominal power supply values. 

4. Vcc applied last or simultaneously with Vbb- 
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ANALOG INTERFACE, TRANSMIT CHANNEL INPUT STAGE 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


Ibxi 


Input Leakage Current, VFxl - 






100 


nA 


-2.17V ^ V|N ^ 2.17V 


Rixi 


Input Resistance, VFxl-- 


10 






Mn 




Vosxi 


Input Offset Voltage, VFxl - 






25 


mV 




AvOL 


DC Open Loop Voltage Gain, GSx 


5000 












Open Loop Unity Gain Bandwidth, GSx 




1 




MHz 




Clxi 


Load Capacitance, GSx 






50 


PF 




Rlxi 


Minimum Load Resistance, GSx 


10 











ANALOG INTERFACE, RECEIVE CHANNEL DRIVER AMPLIFIER STATE 



Symbol 


Parameter 


Mln 


Typ 


Max 


Unit 


Test Conditions 


RORA 


Output Resistance, PWRO + . PWRO- 




1 




n 




VOSRA 


Single-Ended Output DC Offset, PWRO + , 
PWRO- 




75 




mV 


Relative to GRDA 


Olra 


Load Capacitance, PWRO+ , PWRO- 






100 


pF 





A.C. CHARACTERISTICS— TRANSMISSION PARAMETERS 

Unless othenATise noted, the analog input is a 0 dBmO, 1020 Hz sine wave.(i) Input amplifier is set for unity 
gain, inverting. The digital input is a PCM bit stream generated by passing a 0 dBmO, 1020 Hz sine wave 
through an ideal encoder. Receive output is measured single ended. All output levels are (sin x)/x corrected. 
Typical values are for Ta == 25*0 and nominal power supply values. (Ta = 0*0 to + 70*C; Vcc = + 5V ± 5%; 
Vbb = -5V ±5%; GRDA = OV; GRDD = OV; unless othenA^ise specified). 



GAIN AND DYNAMIC RANGE 



Symbol 


Parameter 


MIn 


Typ 


Max 


Units 


Test Conditions 


EmW 


Encoder Milliwatt Response 
(Transmit Gain Tolerance) 


-0.18 


±0.04 


+ 0,18 


dBmO 


Signal Input of 1 .064 Vrms jm-law 
Signal Input of 1 .068 Vrms A-law 
Ta = 25«C,Vbb= -5V, 
Vcc= +5V 


EmWjs 


EmW Variation with 
Temperature and Supplies 


-0.07 


±0.02 


+ 0.07 


dB 


± 5% Supplies, 0 to 70X 
Relative to Nominal Conditions 


DmW 


Digital Milliwatt Response 
(Receive Gain Tolerance) 


-0.18 


±0.04 


+ 0.18 


dBmO 


Measure Relative to OTLPr. Signal 
Input per CCITT Recommendation 
G.71 1 . Output Signal of 1 000 Hz. 

Rl = 00 

Ta == 25°C; Vbb = -5V. 
Vcc= +5V. 


DmWjs 


DmW Variation with 
Temperature and Supplies 


-0.07 


±0.02 


+ 0.07 


dB 


±5% Supplies, 0 to 70^ 



NOTE: 

1 . 0 dSmO Is defined as the zero reference point of the channel under test (OTLP). This corresponds to an analog signal 
input of 1 .064 volts rms or an output of 1 .503 volts rms (for jitlaw). 
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GAIN TRACKING 

Reference Level = -lOdBmO 



Symbol 


Parameter 


2916 


2917 


Unit 


Test Conditions 


Min 


Max 


Min 


Max 


GT1x 


Transmit Gain Tracking Error 
Sinusoidal Input; jm-iaw 




±0.25 
±0.5 
±1.2 






dB 
dB 
dB 


+ 3 to -40,dBm0 
-40 to -50 dBmO 
-50 to -55 dBmO 


GT2x 


Transmit Gain Tracking Error 
Sinusoidal Input; A-law 








±0.25 
±0.5 
±1.2 


dB 
dB 
dB 


+ 3 to -40dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 


GT1r 


Receive Gain Tracking Error 
Sinusoidal Input; jn-law 




±0.25 
±0.5 
±1.2 






dB 
dB 
dB 


+ 3 to -40 dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 
Measured at PWRO+ , 
Rl = 300n 


GT2r 


Receive Gain Tracking Error 
Sinusoidal Input; A-law 








±0.25 
±0.5 
±1.2 


dB 
dB 
dB 


+ 3 to -40dBmO 
-40 to -50 dBmO 
-50 to -55 dBmO 
Measured at PWRO+, 
Rl = 300n 



NOISE (All receive channel measurements are single ended) 



Symbol 


Parameter 


2916 


2917 


Unit 


Test Conditions 


Min 


Typ 


Max 


Min 


Typ 


Max 


Nxci 


Transmit Noise, C-Message 
Weighted 






15 








dBrncO 


Unity Gain 


NXP 


Transmit Noise, Psophometrically 
Weiglited 














dBmOp 


Unity Gain 


Nrci 


Receive Noise, C-Message 
Weighted: Quiet Code 






11 








dBrncO 


Dr = 11111111 


Nrc2 


Receive Noise, C-Message 
Weighted: Sign Bit Toggle 






12 








dBrncO 


Input to Dr is Zero Code 
with Sign Bit Toggle at 1 KHz 
Rate 


Nrp 


Receive Noise, Psophonletrically 
Weighted 












-79 


dBmOp 


Dr = Lowest Positive 
Decode Level 


NSF 


Single Frequency Noise 
End to End Measurement 






-50 






-50 


dBmO 


CCITTG.71 2.4.2 
Measure at PWRO+ 


PSRRi 


Vcc Power Supply Rejection, 
Transmit Channel 




-30 






-30 




dB 


Idle Channel; 200 mV P-P 
Signal on Supply; 0 to 50 
KHz, Measure at Dx 


PSRR2 


Vbb Power Supply Rejection, 
Transmit Channel 




-30 






-30 




dB 


Idle Channel; 200 mV P-P 
Signal on Supply; 0 to 50 
KHz, Measure at Dx 


PSRR3 


Vcc Power Supply Rejection, 
Receive Channel 




-25 






-25 




dB 


Idle Channel; 200 mV P-P 
Signal on Supply; Measure 
Narrow Band at PWRO + , 
0to50 KHz 


PSRR4 


Vbb Power Supply Rejection, 
Receive Channel 




-25 






-25 




dB 


Idle Channel; 200 mV P-P 
Signal on Supply; Measure 
Narrow Band at PWRO+ , 
Oto 50 KHz 


CTtr 


Crosstalk, Transmit to Receive 






-71 






-71 


dB 


Input = 0 dBmO, Unity 
Gain, 1.02 KHz, Dr == 
Lowest Positive Decode 
Level, Measure at PWRO+ 


CTrt 


Crosstalk, Receive to Transmit 






-71 






-71 


dB 


Dr = OdBmO, 1.02 KHz, 
Measure at Dx 
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DISTORTION 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


SD1x ^ 


Transmit Signal to Distortion, jui-Law 

Sinusoidal Input; 

CCITT G.714-Method 2 (2916) 


36 
30 
25 






dB 
dB 
dB 


OdBmOto -30 dBmO 
-30 dBmO to -40 dBmO 
-40 dBmO to -45 dBmO 


SD2x 


Transmit Signal to Distortion, A-Law 

Sinusoidal Input; 

CCITT G.714-Method 2 (2917) 


36 
30 
25 






dB 
dB 
dB 


OdBmOto -30dBmO 
-30 dBmO to -40 dBmO 
-40 dBmO to -46 dBmO 


SD1r 


Receive Signal to Distortion, jn-Law 
Sinusoidal Input; CCITT G.714-Method 
2(2916) 


36 
30 
26 






dB 
dB 
dB 


OdBmOto -30 dBmO 
-30 dgmO to -40 dBmO 
-40dBm0to -45 dBmO 


SD2r 


Receive Signal to Distortion, A-Law 
Sinusoidal Input; CCITT G.714-Method 

0 '7\ 


36 
30 

OR 






dB 
dB 

□D 


OdBmOto -30 dBmO 
-30dBmO,to -40dBmO 

— 4U UDmU 10 HO uDmU 


DPx 


Transmit Single Frequency Distortion 

rrouUCIS {ciaiv) 






-46 


dBmO 


AT&T Advisory #64 (3.8) 
u uomu inpul oignai 


DPr 


Receive Single Frequency Distortion 

rrouUCIS v^yiD; 






-46 


dBmO 


AT&T Advisory #64(3.8) 
u QDmu inpui oignai 


IMD1 


Intermodulation Distortion, 
cnu 10 cinu ivieasurem6ni 






-35 


dB 


CCITT G.712 (7.1) 


IMD2 


Intermodulation Distortion, 
End to End Measurement 






-49 


dBmO 


CCITTG.712(7.2) 


SOS 


Spurious Out of Band Signals, 
End to End Measurement 






-25 


dBmO 


CCITTG.712 (6.1). 


SIS 


Spurious In Band Signals, 
End to End Measurement 






-40 


dBmO 


CCITTG.712 (9) 


Day 


Transmit Absolute Delay 




245 




us 


Fixed Data Rate. CLKx = 2.048 
MHz; O dBmO, 1.02 KHz Input 
Signal, Unity Gain. Measure 
atDx. 


Ddx 


Transmit Differential Envelope Delay 
Relative to Dax 




170 
95 
45 
105 




jmS 
ixs 
lis 

flS 


f = 500 Hz to 600 Hz 
f = 600 Hz to 1000 Hz 
f = 1000 Hz to 2600 Hz 
f = 2600 Hz to 2800 Hz 


Dar 


Receive Absolute Delay 




190 




juS 


Fixed Data Rate, CLK = 2.048 
MHz; Digital Input is DMW 
Codes. Measure at PWRO+ 


Ddr 


Receive Differential Envelope Delay 
Relative to Dar 




45 
35 
85 
110 




flS 

fxs 
lis 
lis 


f = 500 Hz to 600 Hz 
f = 600 Hz to 1000 Hz 
f = 1000 Hz to 2600 Hz 
f = 2600 Hz to 2800 Hz 
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TRANSMIT CHANNEL TRANSFER CHARACTERISTICS 



Input amplifier is set for unity gain, inverting. 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


Grx 


Gain Relative to Gain at 1 .02 KHz 










0 dBmO Signal Input at VFxl - 




16.67 Hz 






-30 


dB 






50 Hz 






-25 


dB 






60 Hz 






-23 


dB 






200 Hz 


-1.8 




-0.125 


dB 






300 to 3000 Hz 


-0.125 




+ 0.126 


dB 






3300 Hz 


-0.35 




+ 0.03 


dB 






3400 Hz 


-0.7 




-0.10 


dB 






4000 Hz 






-14 


dB 






4600 Hz and Above 






-32 


dB 
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+0.125dB 

300 Hz ♦O.IZSdB 
-0.l25dB 3000 Hz 

200 Hz \/ «< <: ^ ^ ^ { ^ ^ / / ^ / / { ^ / ^ M]( r< ( 

J 



♦0.03 dB 
' 3300 Hz 



i-^^l-O.IOdB 
^3400 Hz 



EXPANDED 
SCALE 




-1.8dB , 

200 Hz 



/4000 Hz 




Figure 4. Transmit Channei 
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RECEIVE CHANNEL TRANSFER CHARACTERISTICS 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


Grr 


Gain Relative to Gain at 1 .02 KHz 










0 dBmO Signal Input at Dp 




Below 200 Hz 






+ 0.125 


dB 






200 Hz 


-0.5 




+ 0.125 


dB 






300 to 3000 Hz 


+ 0.126 




+ 0.125 


dB 






3300 Hz 


-0.35 




+ 0.03 


dB 






3400 Hz 


-0.7 




-0.1 


dB 






4000 Hz 






-14 


dB 






4600 Hz and Above 






-30 


dB 
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EXPANDED 
SCALE 



♦0.125clB ♦0.125dB 
200 Hz 300 Hz 



*0.125dB 
3000 Hz 

/////// y /// y / y / y / ^ 



-0.50 dB 
200 Hz 



J. 



0.125dB 
300 Hz 



\ -0.125 

\ 3000 
\ TYPICAL 

-0.70 dB 
3400 Hz 



/3300 Hz 

1^1--0.10dB 
3itOOHT 



3dB X\ 

Hz y\\ -0.35 dB 




10Hz 100Hz 1 KHz lOKHz 



270156-5 

Figure 5. Receive Ctiannel 
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A.C. CHARACTERISTICS— TIMING PARAMETERS 

CLOCK SECTION 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tCY 


Clock Period, CLK 


488 






ns 


fCLK = 2.048 MHz 


tCLK 


Clock Pulse Width, CLK 


220 






ns 




toCLK 


Data Clock Pulse Width 


220 






ns 


64 KHz <. fpcLK ^ 2.048 MHz 


tcDC 


Clock Duty Cycle, CLK 


45 


50 


55 


% 




tntf 


Clock Rise and Fall Time 


5 




30 


ns 





TRANSI\/IIT SECTION, FIXED DATA RATE MODEd) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tozx 


Data Enabled on IS Entry 


0 




145 


ns 


0 < CloaD < lOOpF 


tDDX 


Data Delay from CLK 


0 




145 


ns 


0 < Cload < 100pF 


tHZX 


Data Float on IS Exit 


60 




215 


ns 


Cload = 0 


tsON 


Timeslot X to Enable 


0 




145 


ns 


0 < Cload < ioopF 


tSOFF 


Timeslot X to Disable 


60 




215 


ns 


Cload = 0 


tpSD 


Frame Sync Delay 


100 




tCLK 


ns 





RECEIVE SECTION, FIXED DATA RATE MODE 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Test Conditions 


tDSR 


Receive Data Setup 


10 






ns 




tDHR 


Receive Data Hold 


60 






ns 




tpSD 


Frame Sync Delay 


100 




tCLK 


ns 





NOTE: 

1 . Timing parameters Tpzx. Thzx. and Tsqff are referenced to a high impedance state. 
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WAVEFORMS 

Fixed Data Rate Timing 

TRANSMIT TIMING 





BIT1 X "X )^ y g'TS BIT6 X~BIT7 




T5i 



NOTE: 



-<SON 



-tsOFF 



270156-7 



1. All timing parameters referenced to V|h and V|l except tozx. tsoFF and tnzx which reference a high lmpedan<pe state. 



RECEIVE TIMING 




270156-8 



tOSR —J « —J U_— toHR 

mcDmcpmtDmomcjmcDmcDmcDmcz 



Ok 
STABLE 



NOTE: 

1 , All timing parameters referenced to V|h and V|l. 
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TRANSMIT SECTION, VARIABLE DATA RATE M0DE(1) 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


tjSDX 


Timeslot Delay from DCLKx^^) 


140 




tDX-140 


ns 




tpSD 


Frame Sync Delay 


100 




tcY-100 


ns 




tODX 


Data Delay from DCLKx 


0 




100 


ns 


0 < Cload < lOOpF 


toON 


Timeslot to Dx Active 


0 




50 


ns 


0 < Cload < lOOpF 


tDOFF 


Timeslot to Px Inactive 


0 




80 


ns 


0 < Cload < lOOpF 


tDX 


Data Clock Period 


488 




15620 


ns 




tpFSX 


Data Delay from FSx 


0 




140 


ns 





RECEIVE SECTION, VARIABLE DATA RATE MODE 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


tjSDR 


Timeslot Delay from DCLKr(3) 


140 




tDR-140 


ns 




tpSD 


Frame Sync Delay 


100 




tcY-100 


ns 




toSR 


Data Setup Time 


10 






ns 




tDHR 


Data Hold Time 


60 






ns 




tDR 


Data Clock Period 


488 




15620 


ns 




tSER 


Timeslot End Receive Time 


60 






ns 





64 KB OPERATION, VARIABLE DATA RATE MODE 



Symbol 


Parameter 


MIn 


Typ 


Max 


Unit 


Test Conditions 


tpSLX 


Transmit Frame Sync Minimum 
Downtime 


488 






ns 


FSx is TTL High for Remainder of 
Frame 


tFSLR 


Receive Frame Sync Minimum 
Downtime 


1952 






ns 


FSr is TTL High for Remainder of 
Frame 


tDCLK 


Data Clock Pulse Width 






10 


JUlS 





NOTES: 

1 . Timing parameters tooN ^nd tpopF are referenced to a high impedance state. 
2- tpsLX minimum requirements overrides tjsDX maximum spec for 64 KHz operation. 
3. tpsLR minimum requirements overrides tjsDR maximum spec for 64 KHz operation. 
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VARIABLE DATA RATE TIMING 
TRANSMIT TIMING 



FSx 



-*T8DX 



-tF80 



j\r^r\f\i\f\f\i\i\f\f\j 



-*0D)( 



*00ff 



BIT1 y"BtT2 )( BIT 3 ] BIT4 \ BIT8 



270156-10 



RECEIVE TIMING 



DCLKb 




Or DON'T CARE/] 



NOTE: 

1. All timing parameters referenced to V|h and V|l except tooN and topF which reference a high impedance state. 
A.C. TESTING INPUT, OUTPUT WAVEFORM 



INPUT/OUTPUT 



^TESTPOINTS<^ 



0.45 . 

270156-12 

A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0,45V for a Logic "0". Timing measurements are made at 2.0V for a Logic "1" and 
0.8V for a Logic "0". 
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APPLICATIONS INFORMATION 
2910A/2911A/2912A 



CODEC INTERFACE 

The 291 2A PCM Filter is designed to directly inter- 
face to the 291 OA and 291 1 A Codecs as shown be- 
low. The transmit path is completed by connecting 
the VFxO output of the 291 2A to the coupling ca- 
pacitor associated with the VFx input of the 291 OA 
and 2911 A codecs. The receive path is completed 
by directly connecting the codec output VFr to re- 
ceive Input of the 291 2A VFrI. The PDN input of the 
291 2A should be connected to the PDN output of 
the codec to allow the filter to be put in the power- 
down standby mode under control of the codec. 



CLOCK INTERFACE 

To assure proper operation, the CLK input of the 
291 2A should be connected to the same clock pro- 
vided to receive bit clock, CLKr of 291 OA or 291 1 A 
Codec as shown below. The CLKO input of the 
291 2A should be set to the proper voltage depend- 
ing on the standard clock frequency chosen for the 
codec and filter. 
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OUTPUT TO r~i 
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1 
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Figure 1. A Typical 2910A Codec and 2912A Filter Cbnflguration 
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2910A/2911A/2912A 



GROUNDING, DECOUPLING, AND 
LAYOUT RECOMMENDATIONS 

The most important steps in designing a low noise 
line card are to insure that the layout of the circuit 
components and traces results in a minimum of 
cross coupling between analog and digital signals, 
and tb provide well bypassed and clean power sup^ 
plies, solid ground planes, and minimal lead lengths 
between components. 

1) All power source leads should be bypassed to 
ground on each printed circuit board (PCB), on 
which codecs are provided. At least one electro- 
lytic bypass capacitor (at least 50 jnF) per board 
is recommended at the point where all power 
traces from the codecs and filters join prior to 
interfacing with the edge connector pins as- 
signed to the power leads, 

2) When using two-sided PCBs, use both corre- 
sponding pins on opposite sides of the board for 
the same power lead. Strap them together both 
on the PCB and on the back of the edge con- 
nector. 

3) Lay out the traces on codec- and filter-equipped 
boards such that analog signal and capacitor 
leads are separated as widely as possible from 
the digital clock and data leads. 

4) Connect the codec sample and hold capacitor 
with the shortest leads possible. Mount it as 
close to the codec CAP1X, CAP2X pins as pos- 
sible. Shield the capacitor traces with analog 
ground. 

5) Do not lay out any board traces (especially digi- 
tal) that pass between or near the leads of the 
sample and hold capacitor(s) since they are in 
high impedance circuits which are sensitive to 
noise coupling. 

6) Keep analog voice circuit leads paired on their 
layouts so that no intervening circuit leads are 
permitted to run parallel to them and/or be- 
tween them. 

7) Arrange the layout for each duplicated line, trunk 
or channel circuit in identical form. 

8) Line circuits mounted extremely close to adja- 
cent line circuits increase the possibility of inter- 
channel crosstalk. 

9) Avoid assignment of edge connector pins to any 
analog signal adjacent to any lead carrying digi- 
tal (periodic) signals or power. 



10) The optimum grounding configuration is to main- 
tain separate digital and analog grounds on the 
circuit boards, and to carry these grounds back 
to the power supply with a low jrppedance con- 
nection. This keeps the grounds separate over 
the entire system except at the power supply. 

11) The voltage difference between ground leads 
GRDA and GRDD (analog and digital ground) 
should not exceed two volts. One method of 
preventing any substantial voltage difference be- 
tween leads GRDA and GRDD is to connect twd 
diodes back to back in opposite directions 
across these two ground leads on each board. 

12) Codec-filter pairs should be aligned so that pins 

9 through 16 of the filter face pins 1 through 12 
of the codec. This minimizes the distance for an- 
alog connections between devices and with no 
crossing analog lines. 

13) No digital or high voltage level (such as ringing 
supply) lines should run under or in parallel with 
these analog VP connections. If the analog lines 
are on the top (component side) of the PC 
board, then GRDD, GRDA, or power supply 
leads should be directly under them, on the bot- 
tom to prevent analog/digital coupling. 

14) Both the codec and filter devices should be 
shielded from traces on the bottom of the PCB 
by using ground or power supply leads on the 
top side directly under the device (like a ground 
plane). 

1 5) Two + 5V power supply leads (Vcc) should be 
used on each PCB, one to thQ filters, the other 
to the codecs. These leads should be separately 
decoupled at the PCB where they then join to a 
single 5V supply at the backplane connector. 
Decoupling can be accomplished with either a 
series resistor/ parallel capacitor (RC iowpass) 
or a series RF choke and parallel capacitor of 
each 5V lead. The capacitor should be at least 

10 jLiF in parallel with a 0.1 fxF ceramic. This 
filters both high and low frequencies and accom- 
modates large current spikes due to switching. 

1 6) Both grounds and power supply leads must have 
low resistance and inductance. This should be 
accomplished by using a ground plane whenev- 
er possible. When narrower traces must be 
used, a minimum width of 4 millimeters should 
be maintained. Either multiple or extra large plat- 
ed through holes should be used when passing 
th^ ground connections through the PCB. 
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17) The 291 2A PCM filter should have all power 
supplies bypassed to analog ground (QRDA). 
The 291 OA/2911 A Codec +5V power supplies 
should be bypassed to the digital ground 
(GRDD). This is appropriate when separate 
+ 5V power supply leads are used as suggested 
in item 15. The -5V and + 12V supplies should 
be bypassed to analog ground (GRDA). Bypass 
capacitors at each device should be high fre- 
quency capacitors of approximately 0.1 to 1.0 
ftp value. Their lead lengths should be mini- 
mized by routing the capacitor leads to the ap- 
propriate ground plane under the device (either 
GRDA or GRDD). 



1 8) Relay operation, ring voltage application, inter- 
ruptions, and loop current surges can produce 
enormous transients. Leads carrying such sig- 
nals must be routed well away from both analog 
and digital circuits on the line card and in back- 
planes. Lead pairs carrying current surges 
should be routed closely together to minimize 
possible inductive coupling. The microcomputer 
clock lead is particularly vulnerable, and should 
be buffered. Care should also be used in the 
backplane layout to prevent pickup surges. Any 
other latching components (relay buffers, etc.) 
should also be protected from surges. 

1 9) When not used, the AUTO pin should float with 
minimum PC board track area. 



ZERO TRANSMISSION LEVEL POINTS 



2910A/2912A 0 dBmO 




mOITAL 
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CODES 
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5.63 dBm 
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Note: See data sheet for latest specifications. Values given in tills apiplication 
note are for reference only, and were considered correct at the time of publi- 
cation (Feb. 1982). 



1.0 INTRODUCTION 

This application note describes the features and capa- 
bilities of the 2913 and 2914 codec/filter combochips, 
and relates these capabilities to the design and manu- 
facturing of transmission and switching linecards. 



1.1 Background 

The first generation of per line codecs (Intel 
2910A/11A) and filters (Intel 2912A) economically in- 
tegrated the analog-digital conversion circuits and 
PCM formatting circuits into one chip and the filtering 
and gain setting circuits into another chip. These two 
chips helped to make possible the rapid conversion to 
digital switching systems that has taken place in the last 
few years. 

The second generation of Intel LSI PCM telephony 
components, the 2913/14 Combochip, extends the level 
of integration of the linecard by combining the codec 
and filter functions for each line on a single LSI chip. 
In the process of combining both functions, circuit de- 
sign improvements have also improved performance, 
reduced external component count, lowered power dis- 
sipation, increased reliability, added new features, and 
maintained architectural transparency. 

The 2913 and 2914 data sheet contains a complete de- 
scription of both parts, including detailed discussions of 



each feature and specifications for timing and perform- 
ance levels. This application note, in conjunction with 
the data sheet, describes in more detail how the new 
and improved features help in the design of second-gen- 
eration linecards first by comparing the two generations 
of components to see where the improvements have 
been made, and then by discussing specific design con- 
siderations. 



1.2 Comparison of First- and Second- 
Generation Component 
Capabilities 

The combochip represents a higher level of component 
integration than the devices it replaces and, because of 
the economics of LSI (replacing two chips with one), 
ultimately will cost significantly less at the component 
level. But comparison of the combochip block diagram 
with first-generation single-chip codec and filter reveals 
few major functional differences. Figure 1 compares the 
first-generation codec and filter chips to the combo- 
chip. Both provide rigidly specified PCM capabilities of 
voice signal bandlimiting and nonlinear companded 
A/D and D/A conversion. The first on-chip reference 
voltage was introduced in the 2910/2911 single-chip 
codecs and is included in the combochip. The provision 
of uncommitted buffer ampHfiers for flexible transmis- 
sion level adjustment and enhanced analog output drive 
was a feature of the now standard 2912 switched-capac- 
itor PCM filter is available on the combochip. Like- 
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Figure 1. LSI Partitioning of Codec/Filter Functions 
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wise, independent transmit (A/D) and receive (D/A) 
analog voice channels which permit the two channels tp 
be timed from independent (asynchronous) clock sourc- 
es is common to the first- and second-generation devic- 
es. Finally, the abihty to multiplex signalling bits on a 
bit-stealing basis from the digital side of the device has 
been duplicated on the combochip. 

Data traffic-conscious systems manufacturers now pro- 
vide dedicated codec, filter, and subscriber interface 
functions on a per-subscriber basis, which in turn puts 
intense cost pressures on these functions. The function- 
al duplication of first-generation components addresses 
the needs of the system manufacturer who wants to 
cost reduce existing fixed-architecture system designs. 
Whereas the bulk of the system development costs (and 
time) are in the switching machine call processing and 



diagnostic software, the bulk of the production costs 
iare in the high-volume Unecards. The combochip ad- 
dresses these cost pressures and defers the appetite for 
new integrated functions to a future generation of PCM 
components. 

Figure 2 contains the block diagram of the 2913/14 
combochip which illustrates not only the basic com- 
panding and filtering functions but also some of the 
changes and new features contained in the second-gen- 
eration devices, such as internal auto zero, separate 
ADC and DAC for transmit and receive sections, re- 
spectively, precision gain setting (RCV section), and inr 
put/output registers for both fixed and variable data 
rates. Table 1 lists many of the features that are impor- 
tant to hnecard design and performance. A direct com- 
parison between first-and second-generation products 



Table 1. Comparison between 2913/14 Combochip and the 
2910A/11A/12A Singie-Chip Codecs and Filters 



Features 


2910A/11A pius 2912A 


2913/14 


Power 


Operating 


280-310 mW 


140 mW 


Standby 


33 mW 


5 mW 


Pins 


38-40 


20-24 


Board Area Including Interconnects 


Normalized = 1.0 


0.33 


Data Rates 


—-Fixed 


1.536,1.544, 2.048 Mbps 


Same 


—Variable 


None 


d4 iNOpS i£.U4o MOpS 


Companding Law 


— jtt-Law 






— -A-Law 


2911 + 2912 


PSRR 


1 KHz 


30 dB 


>35 dB 


> 10 KHz 


Not Spec'd 


> 35 dB 


Gain Setting 


Trim Using Pot Necessary 


Precision Resistors 
Eliminate Trim Req. 


Operating Modes 


Direct 


Yes 


Yes 


Timeslot Assign 


Yes 


No 


On-Chip Vref 


Yes 


Yes 


ICN — Half Channel Improvement 


1 5 dBrncO Transmit 
1 1 dBrncO Receive 


1 5 dBrncO Transmit 
1 1 dBrncO Receive 


S/D — Half Channel Improvement 


See Data Sheet 


See Section 2.0 


GT — Half Channel 1 mprovement 


See Data Sheet 


See Section 2.0 


Power Down (Standby) 


PDN Pin 


Frame Sync Removal or PDN Pin 


Signalling 


2910-8thBit 


2914-8thBit 


Auto Zero 


External 


Internal 


S&HCaps 


External Transmit 
Internal Receive 


Internal 


Test Modes 


None 


Design Tests 
Manufacturing Test 
On-Line Operational Tests 


Encoder Implementation 


Resistive Ladder 


Capacitive Charge Redistribution 
Ladder 


Filter/Gain Trim 


Fuse Blowing ±0.2 dB 


Fuse Blowing ±0.04dB 
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(a) Combochip Block Diagram 
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Dr 
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Figure 2. Blocl( Diagram of 2913/14 Combochip 
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shows the significant improvement in the combochip 
both in performance levels and system flexibility. 

2.0 DESIGN CONSIDERATIONS 

The key point with the 2913/14 is that it will result in a 
linecard that performs better and costs less than any 
two-chip codec/filter solution. The lower cost results 
from many factors, as seen in Table 2. Both direct re- 
placement costs and less tangible design and manufac- 
turing time savings combine to yield lower recurring 
and nonrecurring costs. As an example, the wider mar- 
gins to transmission specs and the higher power supply 
rejection ratios of the 2913/14 will both shorten the 
design time needed to build and test the linecard proto- 
type and reduce the reject rate on the manufacturing 
line. 



Table 2. 2913/14 Factors which Lower the Cost 
of Linecard Design and l\/lanufacturing 



• 


Lower LSI Cost (2914 vs. 2910/11 + 




2912) 


• 


Fewer External Components 


• 


Less Board Area 


• 


Shorter Design/Prototype Cycle 


• 


Better Yields/Higher Reliability 


• 


Lower Power/Higher Density 



Part of the recurring cost of linecard production is the 
efficiency of the manufacturing hne in turning out each 
board. This is measured in both parts cost and time. 
Average manufacturing time is strongly effected by the 
line yield, i.e., the reject rate reliability. A linecard us- 
ing the 2913/14 has many labor-saving features, which 
also increases the reliability of the manufacturing pro- 
cess. Some of these features are detailed in Table 3. 

The combination of fewer parameters to trim (gain, ref- 
erence voltage, etc.), tolerance to wider power supply 
variations, and on-chip test modes make the linecard 
very manufacturable compared to first-generation de- 
signs. 

Probably the most obvious improvement in linecard de- 
sign based around the 2913/14 is the reduction in line- 
card PCB area needed compared to two-chip designs. 
The combination of the codec and filter into a single 
package alone reduced the LSI area by one-third. Jable 
4 shows many of the other ways in which board area is 
conserved. In general, it reduces to fewer components, 
more on-chip features, and layout of the chip resulting 
in an efficient board layout which neatly separates the 
analog and digital signals both inside the chip and on 
the board. 



Table 3. 2914 Factors which Increase Linecard 
Manufacturing Yields and Efficiency 

• Higher Reliability 

— Fewer connections and components 

— More integrated packaging 

— More margin to specs 

— Lower power 

— NMOS proven process 

— Less sensitive to parameter variations 

• Fewer Manufacturing Steps 

— No gain trimming 
— On chip Vref 
— Wide power supply tolerance 
— On chip test modes 
— Wide margins to spec 



Table 4. Design Factors for 2914 which Reduce 
Linecard PCB Area 



• Integrated Packaging 

—2914 vs. 2910/11 + 2912 
= 1/3 board area 

^2913 takes even less space 

• Fewer Interconnects/Components 

— Codec/filter combined 
— On-chip reference voltage 
— On-chip auto zero 
— On-chip capacitors 
— No gain trim components 
— No voltage regulators 

• Efficient Layout (Facilitates Auto Inser- 
tion) 

— Analog/digital sections separated on 
chip 

— Digital traces can cross under chip 
— ^Two power supplies only 
— Low power/high density 
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Table 5. 2913/14 Operating Mode Options Add Flexibiiity to Linecard Design 



Option 


lUlode Control Pins 


Results of Mode Selection 


2914(24 Pin) 


2913 (20 Pin) 


Companding Law 


SIGX/ASEL 


A-Law or jui-Law + Signalling 


A-Law/ juL-Law» no Signalling 


Power Down 


PDN 


Transmit & Receive Side Go To Standby Power (6 mW) 


FSx & FSr Removed 


Same (12mW) 


FSx Removed 


Transmit Side Goes to Standby (1 1 0 mW) 


FSr Removed 


Receive Side Goes to Standby (70 mW) 


Data Rate 


= Vcc/gRDD/Vbb 
dclkr = Vbb 


1.536/1.544/2.048 Mbps in Fixed Data Rate Mode 


= Vcc/GRDD/Vbb 

DCLKb = Clock 


Variable Data Rate Mode from 64 Kbps to 2.048 Mbps, 
No Signalling 


Test Modes 


LOOP = Vcc 


Implements Analog Loopback 


No Loopback Capability 


PDN = Vbb 


Provides Access to Transmit Codec Through ASEL and TSX 
Pins 


Dr = Vbb 


Provides Access to RCV Filter Input at DCLKr and Transmit 
Filter Outputs at ASEL and TSX Pins 



Many of the factors discussed — which result in effi- 
cient, cost-effective linecard designs — are discussed in 
more detail both in the 2913/14 data sheet and in the 
following sections of this note. 

2.1 Operating and Test Mode 
Selection 

A key to designing with the 2913/14 combo is the wide 
range of options available in configuring, either with 
strap options or in real time, the different modes of 
operation. The 2913 combochip (20 pins) is specifically 
aimed at synchronous switching systems (remote con- 
centrators, PABXs, central offices) where small pack- 
age size is especially desirable. The 2914 combochip (24 
pins) has additional features which are most suitable for 
applications requiring 8th-bit signalling, asynchronous 
operation,, and remote testing of transmission paths 
(e.g., channel banks). Once the specific device is select- 
ed, there is a wide range of operating modes to use in 
the card design, as seen in Table 5. This table lists the 
optional parameters and the pins which control the op- 
erating mode. The result of selecting a mode is listed for 
both the 2913 and 2914. 

The purpose of offering these options is to ensure that 
the 2913/14 combo will accommodate any existing 
linecard design with architectural transparency. At the 
same time, features were designed in to facilitate design 
and manufacturing testing to reduce overall cost of de- 
velopment and production. 

2.2 Data Rate [Modes 

Any rapid conversion scenario presumes that the com- 
bochip will fit existing system architectures (retrofit) 



without significant system timing, control, or software 
modifications. To this end, two distinct user-selectable 
timing modes are possible with the combochip. For 
purposes of discussion, these are designated (a) fixed 
data rate timing (FDRT) and (b) variable data rate tim- 
ing (VDRT). 

FDRT is identical to the 2910/2911 codec timing in 
which a single high-speed clock serves both as master 
clock for the codec/filter internal conversion/filtering 
functions and as PCM bit clock for the high-speed seri- 
al PCM data bus over which the combochip transmits 
and receives its digitized voice code words. In this 
mode, PCM bit rates are necessarily confined to one of 
three distinct frequencies (1.536 MHz, 1.544 MHz, or 
2.048 MHz). Many recently designed systems employ 
this type of timing which is sometimes referred to as 
burst-mode timing because of the low duty cycle of 
each timeslot (i.e., channel) on the time division multi- 
plexed PCM bus. It is possible for up to 32 active com- 
bochips to share the same serial PCM bus with FDRT. 

VDRT (sometimes referred to as shift register timing), 
by comparison, utilizes one high-speed master clock for 
the combochip internal conversion/filtering functions 
and a separate, variable frequency, clock as the PCM 
bit clock for the serial PCM data bus. Because the serial 
PCM data rate is independent of internal conversion 
timing, there is considerable flexibility in the choice of 
PCM data rate. In this mode the master clock is per- 
mitted to be 1.536 MHz, 1.544 MHz, or 2.048 MHz, 
while the bit clock can be any rate between 64 KHz and 
2.048 MHz. In this mode it is possible to have a dedi- 
cated serial bus for each combochip or to share a single 
serial PCM bus among as many as 32 active combo- 
chips. 
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Thus, the two predominant timing configurations of 
present system architectures are served by the same de- 
vice, allowing, in many cases, Unecard redesign without 
modification of any common system hardware or soft- 
ware. Additional details relating to the design of sys- 
tems using either mode are found in section 3.0. 



2.3 Margin to Performance 
Specifications 

The combochip benefits from design, manufacturing, 
and test experience with first-generation PCM products 
on the part of the system manufacturer, component 
suppliers, and test equipment suppliers. The sub-milli- 
volt PCM measurement levels and tens of microvolts 
accuracy requirements on the lowest signal measure- 
ments often result in tester correlation problems, yield 
losses, and excess costs for system and PCM compo- 
nent manufacturers alike. Thus additional performance 
margin built into the PCM components themselves will 



have its effect on line circuit costs even though the sys- 
tem transmission specifications may not reflect the im- 
proved performance margin. 

Half channel measurements have been made of the 
transmission parameters — gain tracking (CjT), signal to 
distortion ratio (S/D), and idle channel noise (ICN). 

Gain Tracking — Figure 3 shows the gain tracking data 
for both the transmit and receive sides of the combo 
using both sine wave testing (CCITT G712.il Method 
2) and white noise testing (CCITT G712.1 1 Method 1). 
The data shows a performance very nearly equal to the 
theoretically best achievable using both test techniques. 
End to end measurements, although not spec'd, also 
show a corresponding good performance with errors 
less than or equal to the sum of the half channel values. 

Signal to Distortion Ratio-— This is a measure of the 
system linearity and the accuracy in implementing the 
companding codes. Figure 4 shows the excellent perfor- 
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Gain Tracking Error Versus Signal Level 

2914 Combo D/A 
Sinusoidal Test (CCITT G712.11 Method 2) 




Gain Tracking Error Versus Signal Level 
2914 Combo D/A 
White Noise Test (CCITT G712.11 Method 1) 
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Figure jS. 2914 Half Channel Gain Tracking Performance Measurements 
for Both Sine and Noise Testing 
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Figure 4. 2914 Half Channel Signal to Distortion Ratio (S/D) Performance Measurements 
for Both Sine and Noise Testing 



mance of the 2914 for both the transmit (A/D) and 
receive (D/A) channels using sine wave and noise test- 
ing. The margin is greater than 3 dB above the half 
channel spec which means that a larger error budget is 
available to the rest of the channel. 

Statistical Analysis — A statistical analysis of G.T. and 
S/D measurements over many devices shows a very 
tight distribution, as seen in Figure 5. There are several 
consequences resulting from this highly desirable distri- 
bution: (1) the device performance is controllable, re- 
sulting in high yields, (2) the device circuit design is 
tolerant of normal process variations, thereby ensuring 
predictable production yields and high reliabihty, and 
(3) understanding of the circuit design and process fun- 
damentals is clearly demonstrated — ^largely as a result 
of previous telephony experience with the Intel NMOS 
process. 

Idle Channel Noise — ^The third transmission parameter 
is idle channel noise (ICN). Figure 6 gives half channel 
ICN measurements which show a substantial margin to 
specification. 



Power Supply Rejection — Circuit innovation in the in- 
ternal combochip design has resulted in significant im- 
provements in power supply rejection in the 5 to 50 
KHz range (Figure 7), and it is this frequency band 
which usually contains the bulk of the switching regula- 
tor noise. These higher frequencies, outside the audio 
range as they are, are not objectionable or even detect- 
able in the transmit direction except to the extent that 
they ahas into the audio range as a result of internal 
sampling processes in the transmit filter and A/D con- 
verter. Sampling techniques in the combochip minimize 
this aliasing. In the receive direction, excess high fre- 
quency noise which propagates onto the subscriber loop 
can interfere with signals in adjacent wires and is thus 
objectionable even without ahasing. The symmetrical 
true differential analog outputs of the combochip are an 
improvement from earlier designs which failed to main- 
tain true power supply symmetry through the output 
amplifiers. Not only does the differential design im- 
prove transmission performance, but it also reduces the 
need for power supply bypass capacitors, thereby sav- 
ing component cost on the linecard. 
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Figure 5. Statistical Analysis of Transmission Performance Stiowing 
Tight Distribution Over Many Devices 
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Figure 6. 2914 idle Channel Noise (ICN) 
Measurements 

Autozero — ^The autozero circuit is contained complete- 
ly on-chip. It automatically centers the signal/noise dis- 
tribution at the encoder input.. This ensures minimal 
ICN due to bit toggling and also maintains maximum 
sensitivity to the AC signals of interest. 



2.4 Power Conservation 

Figure 8 illustrates typical power consumption and of- 
fice equipment dissipation for a resistive hne biasing 
arrangement (with no loop current limiting) and for the 
per-line PCM components. It can be seen that overall 
line circuit power consumption and dissipation are 
strong functions of subscriber loop resistance, and are 
dominated by line biasing current regardless of loop 
length. It can also be seen that the combochiip achieves 
significant reductions in PCM component contribu- 
tions relative to both the 2910A/2912A and 
2910/2912. Present residential traflTic characteristics 
are such that the PCM components are active less than 
10% of the time, and in its low-power standby state, 
the combochip power dissipation drops to typically 
5 mW as the line icurrent (and dissipation) goes to its 
background on-hook leakage level of typically a few 
milliwatts (but for very leaky lines, as much as 50 mW- 
500 mW). 



The concern for linecard power consumption and dissi- 
pation is related both to the cost of providing power 
and to the system density problem involving convection 
heat removal from the linecards. Consequently, much 
recent line circuit development activity centers on elim- 
ination of the inefficient resistive line current feed both 
by current limiting in short loops and by more exotic, 
and expensive per-line dc-dc converters. For both pres- 
ent-generation designs and cost-reduction redesigns, 
the typical combochip dissipation of 140 mW 
active/5 mW standby will allow system board packing 
density improvements and power supply cost reduc- 
tions. 

A closer look at the effect of loading (duty cycle) on the 
average power dissipation of a combochip is given in 
Table 6. Typical loading percents run as low as 5% for 
very large switching systems (thousands of lines) up to 
100% in nonswitching applications such as channel 
banks. Clearly, the average power dissipation in a typi- 
cal switching system is below 35 mW which facilitates 
board packing density and cost of power considera- 
tions. 

Table 6. Ty|>ical Power Dissipation Per Line 
Using 2914 Combochip 





Duty 
Cycle 


Power 
Dissipation 


Central 
Office 


5% 


12 mW 


PABX 


15% 


25 mW 


Peak Hour 
CO. 


50% 


73 mW 


Channel 
Bank 


100% 


140 mW 
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Figure 7. Wideband 2914 Power Supply Rejection Ratio (PSRR) 
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Figure 8. Line Circuit Power Consumption and Dissipation Curves 
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2.5 Elimination of Gain Trim tn the Line 
Circuit 

Four resistors — Rl - R4 of Figure the transform- 
er side of the PCM components are used to establish 
appropriate transmission levels at the PCM compo- 
nents and are, at first glance, equivalent in the two cas- 
es. However, a significant reduction in Unecard manu- 
facturing costs associated with individual line trim (or 
mop-up) is possible with the combochip. The need for 
this trim is dictated by system gain contrast specifica- 
tions which typically require that the line-to-hne gain 
variation shall not exceed 0.5 dB, which translates to 
0.25 dB for each (transmit and receive) channel. Table 
7 shows that the major portion of this gain variation 



has previously been in the nominal insertion loss of the 
PCM filter and in the uncertainty of the reference volt- 
age of the codec. With this cumulative 0.15 dB uncer- 
tainty in the PCM components themselves, the system 
manufacturer had no choice but to resort to the cost 
and manufacturing complexity of the active trim. The 
combochip, however, can be trimmed during its manu- 
facture to a nominal tolerance of ± 0.04 dB which in- 
cludes uncertainties in both the filter and codec voltage 
reference functions. This leaves 0.21 dB uncertainty to 
variations in the other line circuit elements and to tem- 
perature and supply variations. 

The variation in combochip gain with supply and tem- 
perature has also been improved to allow as low as 
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(a) Line Circuit Utiiizing Single-Chip PCM Codec and Filter 



TRANSFORMER 



X 
JT 




8 1 II i i I s i I 

.nnnnnnnn n n 



-< ^ 



8 ? 



IN. (o to n n c4 iz 



u u u u u u u u u u 
' I § " § 



. & 6 
-11 



210314-16 



(b) Line Circuit Using Combochip 



Figure 9. Schematics of the Codec/Filter Function and the 2/4 Wire Hybrid Transformers 
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Table 7. Gain Trim Budget for Codec/Fiiter Functions 



Device 


l\/ianufacturlng Uncertainty 
(initial) 


AT 
ASupplies 


Total 


Variation* Budget 
for Other Components 


2910 


±0.1 


±0.1 






2912 


±0.05 


±0.05 








±0.15 


±0.15 


±0.3 dB 


OdB 


2914 


±0.04 


±0.08 


±0.12 dB 


±0.13 dB 



^Assumes 0.5 dB end to end gain contrast specifications. 



0.08 dB variation over supplies and temperature so that 
more than half the system specification could be re- 
served for transformer, wiring, and resistor uncertain- 
ties. This possibility of using fixed precision gain trim 
components and abandoning the active trim holds the 
potential for simplification and cost reduction of the 
line board manufacturing process. 

2.6 Power Up/Down Considerations 

Power Supply Sequence — There are no requirements 
for a particular sequence of powering up the combo- 
chip. AH discussions of power up or power down tim- 
ing assume that both Vcc and Vge are present. 

Power Up Delay — Upon application of power supplies, 
or coming out of the standby power down mode, three 
circuit time constants must be observed: (1) digital sig- 
nal timing, (2) autozero timing, and (3) filter settling. 
An internal timing circuit activates SIF,., and TSx 
approximately two or three frames after power up. Un- 
til this time, SIGf is held low and the other two signals 
are in a tri-state mode. During this time, SIGx will have 
no effect on the PCM output. 

Power Down Modes — ^These modes are described in de- 
tail in Table 3 of the 2913/14 data sheet except for a 
fail-safe mode in case CLKx is interrupted. If this 
should happen, both Dx and TSx go into the tri-state 
mode until the clock is restored. This ensures the safety 
of the PCM highway should the interrupted clock be a 
local problem. 



3.0 OPERATING lUODES 

There are three basic operating modes that are support- 
ed by the 2913/14: fixed data rate timing (FDRT), vari- 
able data rate timing (VDRT), and on-line testing. 



3.1 Fixed Data Rate IMode 

The FDRT mode is described in some detail in both 
section 2.2 of this note and in the 2913/14 data sheet. 
In addition, Intel Application Note AP-64 (Data Con- 



version, Switching, and Transmission using the Intel 
2910A/2911A codec and 2912 PCM filter) also de- 
scribes the basics of using the fixed data rate mode for 
first-generation codecs and filters which is essentially 
the same as for the 2913/14 second-generation combo- 
chip. 



3.2 Variable Data Rate K/lode 

The VDRT mode is described in some detail both in 
section 2.2 and in the 2913/14 data sheet. This section 
focuses on two design aspects: (1) the advantage of 
clocking data on the rising edges of the clock for trans- 
mit and receive data, respectively, and (2) making the 
2913/14 transparent in previously designed systems (a 
retrofit, cost reduction redesign). 

Clock Timing-^The 2913/14 is ideally set up to trans- 
mit and receive data, using the same clock, with no race 
conditions or other marginal timing requirements. This 
is accomplished by transmitting data on the rising edge 
of the first clock pulse following the data enable pulse 
FSx and receiving data on the falling edge of the clock 
which is directly in the middle of the Dx data pulse. 
Several manufacturers use leading edge timing for both 
transmit and receive requiring an inversion of the re- 
ceive clock. 

Figure 10 shows the transmit and receive clock and 
data timing for an entire time slot of data. A closer look 
at the timing functions is given in Figure 11 which 
looks specifically at the first clock cycle after the trans- 
mit data enable FSx- 

According to the 2913/14 data sheet, the framp sync/ 
data enable FSx must precede the clock (DCLKx) by 
at least Ttsdx or nominally 1$ ns for that clock pulse to 
be recognized as the first clock pulse in the time slot. In 
actuality, the 2914 will allow FSx to lag up to 80 ns the 
DCLKx rising edge and recognize i| as the first clock 
pulse in a 2.048 MHz system. 

Qnce FSx has reached Vih of about 2V, the Dx output 
will remain in the tri-state high-impedance mode for 
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NOTE: 

All timing parameters referenced to V|h and V|l except tpoN and topF which reference a high Impedance state. 



Figure 10. Variable Data Rate Timing for an Entire Time Slot 



Tdon or about 34 ns longer. It then comes out of tristate 
and will represent some data which is invahd until the 
valid data is available Tdbx or about 75 ns (100 ns 
worst case) after the clock rising edge. This means there 
is about 90 ns of invalid data after the tri-state mode. 
At this point there is valid data on the Dx highway 
that lasts for approximately one full clock cycle. 

Since the Dx highway is tied directly to the Df high- 
way in digital loopback^ the valid data above is now 
available to the receive channel with some propagation 
delay. The receiver is only interested in the data for 
about a 50 ns (110 ns worst case) window centered 
about the falling edge of the DCLKj. clock which oc- 
curs about half a clock cycle from the FSj rising edge. 
The window width is equal to the data set-up time. 
Tdsr» plus the clock fall time, Tf, plus the data hold 
time, Tdhf Information at ahy other time on the Df 
highway falls into the DON'T CARE category. 

Retrofitting the 2913/14 — ^Several switching/transmis- 
sion systems have been designed using first-generation 
codecs which operate at data rates from 64 Kbps to 
2.048 MBps. In addition, they may have been designed 
using the rising clock edges for both transmit and re- 
ceive data. 



Other aspects of these older designs could be relative 
skewing between the sync pulses (Data Enable) and the 
clock pulses in such a way that the sync pulse occurs 
after (Lags) the first clock pulse rising edge. All of these 
conditions can be easily handled using the variable data 
rate timing mode of the 2913/14 plus some simple ex- 
ternal logic. By the addition of this logic, the 2913/14 
becomes transparent to the older design thereby allow- 
ing an upgrade in performance while having no impact 
on backplane wiring or on system control hardware/ 
software. In addition, many of the features of the 
2913/14 may be incorporated, such as the test modes, 
which provide additional capabilities beyond those 
available in the original design and at a lower cost. 

The circuit diagram in Figure 12 shows the maximum 
amount of additional random logic that could be neces- 
sary to make the 2913 or 2914 completely transparent 
at the linecard level (no impact on backplane wiring or 
timing). The inverter on DCLKr inverts all the receive 
clocks for each Unecard. This inverter is only needed if 
(1) the transmit and receive clocks are inverted at the 
system/backplane level (as opposed to the linecard lev- 
el) and (2) the previous design used only rising (or fall- 
ing) edges to clock the transmit/receive data. 
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Figure 11. Waveform Timing Diagrams for the 2913/14 



3.3 On-Line Test Modes 

Two modes are available which permit maintenance 
checking of the linecard up to the SLIC/combochip 
interface, including the PCM highways and time slot 
interchanges. Tests include time slot-dependent error 
checking. The two test modes are called "redundancy 
testing" and "analog loopback." These test modes are 
described in detail in Section 4.3. 

4.0 MULTIMODE TEST CAPABILITIES 

The 2913/14 was designed with every phase of design, 
manufacturing, and operation taken into consideration. 
In particular, several test modes have been implement- 
ed within the device with essentially no increase in the 
package size or pin count. These test modes fall into 
three categories: design/prototype tests, manufacturing 
tests, and on-line operation tests; see Table 8. 



4.1 Design/Prototype Testing 

In the design of a linecard prototype or in the qualifica- 
tion of a device, it is often helpful to have direct access 
to the internal nodes at key points in the LSI system. 
Some manufacturers even dedicate pins specifically for 
this function. The Intel 2913/14 approach was to re- 
duce cost by using multifunction pins and smaller pack- 
ages to achieve this goal. Measurements through these 
multipurpose pins will typically yield full device capa- 
bility against performance specifications, however these 
measurements are not included in the device specifica- 
tions. This is done for two reasons: first, to save manu- 
facturing cost by eliminating unnecessary tests and 
specifications, and, second, more cost effective manu- 
facturing test techniques are available, as discussed in 
section 4.2. 
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NOTE: 

(1) One inverter per linecard. 

Figure 12. Circuit Diagram Showing Connections Needed to Retrofit the 2913/14 
into Existing Variabie Data Rate Systems 



Tabie 8. i\/lultimode Testing for Each Levei from 



Transmit Coded (Encoder) — The transmit filter can be 
bypassed by directly accessing the differential input of 
the transmit encoder with an analog differential drive 
signal. Table 9 shows the control pin voltages and the 
input pins for this test. This test mode permits DC test- 
ing of the encoder which is otherwise blocked by the 
AC coupling (low frequency reject filter) of the trans- 
mit filter. 

Transmit and Receiver Filter — ^Table 9 shows the con- 
trol values that permit access to the differential outputs 
of the transmit filter and the single-ended input to the 
receive filter. The voltage difference between the trans- 
mit filter outputs represents the filtered output that will 
be encoded. By driving VFxI (single ended or differen- 
tially), the transmit filter response is obtained as a dif- 
ferential output. The final stage is the 60 Hz reject filter 
which is a switched capacitor filter sampled at an 
8 KHz rate. When measured digitally (after the encod- 
er), the filter characteristic is obtained directly: howev- 
er, when measured in analog, a sin (a)T/2)/a)T/2 cor- 
rection factor must be included. 



Design to On-Line Operation 

• Design/Prototype Testing 

— Direct access to transmit codec inputs 

— Direct access to the receive filter input 
and the transmit filter differential out- 
puts 

• Manufacturing Tests 

— Standard half channel tests for com- 
bined codec/filters 

— Filter response half channel measure- 
ments 

• Operation On-Line Tests 

— Analog loopback for testing PCM and 
codec analog highways 

— Redundancy checks with repeatable 
Dx outputs 



Table 9 gives the input control pin values and the corre- 
sponding functions assigned to the key test pins on the 
2914 for the design test modes. 
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Table 9. 2914 Test Functions and Control Inputs for the Design Test Modes 



Input 


Pin Function (24-Pln) 


Test 
Function 


PDN 


DR 


Pin 9 
DCLKr 


Pin 17 
TSx/DCLKx 


Pin 18 
SIQx/ASEL 


0-Vcc 


0-Vcc 


DOLKr 


TSx/DCLKx 


SIGx/ASEL 


Normal Operation 


Vbb 


0-Vcc 




+ VFX 


-VFX 


Encoder 


0-Vcc 


Vbb 


VFRI 


■fVFXO 


--VFXO 


RCV, XMIT Filter 



NOTES: 

The terms used above are defined as: 
±VFX = Encoder Input 
±VFXO XMIT Filter Output 
VFRI = RCV Filter Input 



The input to the receive filter first passes through a 
sample and hold. This is necessary to simulate the 
sin (a)T/2)/ft)T/2 characteristic that results from the 
decoder D/A output. The net result is a filter charac- 
teristic that can be compared directly to the specifica- 
tions. 

Start-up Procedure for Test Modes — ^To place the 
2913/14 in the test mode it is first necessary to operate 
the device for a few ms in normal operation. Then Vbb 
can be applied to the control pins to select the desired 
test access. 



4.2 Production Testing 

While it may be convenient for the designer to have 
access to both the filter and the codec inputs and out- 
puts during the design or evaluation phase the final 
product will always use the filter and codec circuits 
together with all signals passing through both on the 
way to or from the PCM highways. It therefore makes 
sense to perform all manufacturing measurements with 
the device configured in its normal operating mode, i.e., 
all measurements should be complete filter/codec half 
channel measurements. This approach not only tests 
the combo as it will actually be used, but also saves 
time and money by eliminating separate measurements 
and correlation exercises to determine the full half 
channel performance. 

Since the transmission specifications of S/D, gain 
tracking, and ICN all require measurements which are 
"in-band" or "filter independent," the codec functions 
can be easily tested using conventional half channel 
measurement equipment. The apparent difficulty arises 
in trying to fully measure the filter characteristics be- 
yond the half sampling frequency of 4 KHz. In fact, 
this is not really a problem with today's computer- 
based testing plus an understanding of the sampled data 
process which is discussed under "Filter Testing". 



ENCODER/DECODER TESTING 

Transmission specifications are AC-coupled in-band 
measurements when using either CCITT G. 7 12. 11 
methods 1 & 2 (white noise testing and sinusoidal test- 
ing, respectively) or AT&T Pub 43801 (Sinusoidal 
Testing). The noise testing uses a narrowband of flat 
noise from 300 to 500 Hz to drive the filter/codec (ei- 
ther in analog or the equivalent digital sequence for the 
transmit/receive channels, respectively). The resulting 
harmonic products are used to determine S/D. Like- 
wise, gain tracking is also determined from this signal 
input. Sinusoidal testing uses a tone at 1.020 KHz for 
S/D measurements and gain tracking measurements. 
Idle channel noise measurements require the combined 
filter/codec since it has long been shown that separate 
measurements of filters and codecs are difficult to relate 
to the combined measurement (usually there is no spe- 
cific relationship because of the non-linear properties of 
the encoder/decoder operations). Typically the fre- 
quency response of ICN measurements is primarily de- 
termined by the weighting filter (either C message or 
psophometric, which are both AC-coupled, bandpass 
type filters). 

The conclusion is that combined filter/codec testing in 
no way Umits the measurement of half channel trans- 
mission parameters of S/D, G.T., or ICN. 

FILTER TESTING 

Testing the filter response, of the transmit and receive 
channels presents two separate test situations which, in 
some ways, are mirror images of one another. With the 
transmit side, signals may be introduced at any fre- 
quency to test the filter response. At the output of the 
filter, the resulting signals are sampled at 8 KHz and 
digitized resulting in a sequence of PCM words repre- 
senting the samples of filtered input signal. On the re- 
ceive side, a digital PCM sequence of samples repre- 
senting the driving signal is converted to an analog sig- 
nal by the decoder and can be measured at the filter 
output in analog form. 
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Sampling Processh— In both cases of testing the filter, 
the signal eventually is in a sampled form. Since the 
sampling rate is fixed at 8 KHz, all signals must be 
represented below 4 KHz (half the sampling frequen- 
cy). This means that the PCM bit stream can only rep- 
resent signals at frequencies below 4 KHz. If a signal 
above 4 KHz is sampled, those samples appear exactly 
as if the signal was at a frequency mirror imaged about 
4 KHz. Two examples include signals at 5 KHz and 
7 KHz which will result in samples that look like sig- 
nals of 5-8 KHz = 3 KHz and 7-8 KHz = 1 KHz, 
respectively. 

Conversely, the sampling process produces replicas (ali- 
asing) of the sampled signal around multiples of the 
sampling frequency. Therefore, if two signals are intro- 
duced digitally representing 1 KHz and 2 KHz, there 
will also be frequency components located at 8 KHz = 
± 1 KHz and 8 KHz = ±2 KHz, and so on for all 
multiples of 8 KHz. Thus it is possible to generate fre- 
quencies at arbitrary values after sampling by control- 
ling the frequency of each signal within the 4 KHz in- 
put band regardless of whether it is in analog or PCM. 

When an analog signal is sampled, the frequency com- 
ponents generated are all of the same amplitude as the 
corresponding input spectral components. Therefore, 
on the transmit side, measurements made from the 
PCM data will have a throughput gain of unity except 
where components are superimposed (e.g., a 4 KHz in- 
put signal will have an alias component at 4 KHz 
which may double the amplitude at 4 KHz when the 
two components are combined). 

When an analog signal is reconstructed from digital 
samples, it goes through a sample and hold stage which 
has the effect of imposing a weighting function on the 
resulting spectral components that is represented by 




2 



where o) is the actual spectral component frequency 
going into the filter, and T is the width of the hold 
pulse at the decoder output. For the 2913/14, the ana- 
log output is held the full sample period of 125 jlls 
(1/8000 Hz) so that a frequency component at ft will 
have a weighting of 

/8000\ fTTft" 

W = — — Sin 

\ TTft / L8000. 

Transmit Filter Test Approach — ^Two approaches can 
be used for half channel testing of the transmit filter 
characteristic: (1) input analog test frequencies and per- 
form an FFT on the corresponding PCM samples that 



are generated to determine spectral frequencies and am- 
plitudes at the codec output, or (2) use an "ideal" D/A 
converter on the PCM samples to convert the digital 
data back to analog so that the spectral ampHtudes and 
frequencies can be determied using analog circuits such 
as spectrum analyzers or filter banks. In either case, the 
effects of sampUng will be the same. Figure 13 shows 
two spectral diagrams of amplitude versus frequency. 
The top diagram represents the locations of nine test 
frequencies corresponding to the seven specified fre- 
quencies in the 2913/14 data sheet plus a component at 
7 KHz and one at 10 KHz. The bottom figure shows 
the "equivalent** spectral component locations when 
carried in the PCM bit stream. As an example, frequen- 
cy #8 is located at 7 KHz. The corresponding PCM 
frequency is seen in the lower figure at 1 KHz. Note 
also that the analog component at 9 KHz (see #8*) 
would also generate the 1 KHz component in the PCM 
data. 

To test the filter, the desired test frequencies are intro- 
duced in analog to the filter input in such a way that 
there is no confusion as to where the resulting compo- 
nent will be after sampling (i.e., don't simultaneously 
put in 1 KHz and 7 KHz since both of these inputs 
result in a 1 KHz component in the PCM data). Then, 
using either technique (FFT or analog) mentioned 
above, measure the amplitude of the corresponding 
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(b) PCM Representation of the Signals in (a) 



Figure 13. Spectral Properties of the Filter Test 
Frequencies in Analog and PCM 
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sampled component. The difference between that am- 
plitude and the input amplitude represents the filter 
attenuation at the frequency of the input signal. So, if 
the signal was at 7 KHz, the FFT will determine the 
ampHtude of the corresponding 1 KHz signal. The am- 
plitude change relative to the input will represent the 
filter attenuation at 7 KHz. 

Receive Filter Test Approach — In this case, the PCM 
test signals can be generated directly from digital cir- 
cuits or by going through an "ideal" A/D (companded) 
to generate the PCM samples. Since these samples rep- 
resent frequencies below the half sampling rate, Figure 
12(b) now represents the input signals and 12(a) the 
output, but with one significant difference — a 
Sinc[7r fj/SOOO] weighting function is imposed on all 
the frequency components because of the decoder sam- 
ple and hold output. At the filter output, the spectral 
component amplitudes will include the effect of the fil- 
ter response and the weighting function measured at 
the actual test frequency. The receive filter includes a 
compensation network for the weighting function in its 
passband. Therefore, inside the passband (300 Hz to 
3.4 KHz) the measured amplitudes should be compared 
directly to the data sheet specifications. Frequencies 
outside the passband must be compensated for the 
weighting function first to determine the true filter re- 
sponse. 

Summary of Filter Testing — Table 10 lists the nine test 
frequencies shown in Figure 12 for both the transmit 
and receive filter testing. For each filter test, the input 
frequency (analog or PCM), measurement frequency, 
and test circuit gain is tabulated corresponding to the 



desired test frequency. The various weighting values are 
easily handled by computer-based test equipment since 
the inverse weighting function can be stored in the 
computer and applied to each measured amplitude as 
appropriate. 

4.3 Operational On-Llne Testing 

Two test modes are available which facilitate on-line 
testing to verify operation of both the combochip and 
the entire switching highway network. The first is sim- 
ply the capabihty to duplicate the same Dx transmis- 
sion in multiple PCM time slots (redundancy check- 
ing), and the second is the analog loopback capability 
which allows the testing of a call completion through 
the entire PCM voice path including the time slot inter- 
change network. 

Redundancy Checking — A feature of the 2913/14 is 
that the same 8-bit PCM word can be put on the Dx 
highway in multiple time slots simply by holding the 
frame sync/data enable (FSx) high and continuing to 
supply clock pulses (CLKx or DCLKx). If the data 
enable was held high for multiple time slots, each time 
slot would have identical data in it. By routing this data 
through the PCM highways, time slot interchanges, 
etc., and then correlating the data between time slots, it 
would be possible to detect time slot-dependent data 
errors. When this test mode is used, no other data will 
be generated for the transmit highway until the frame 
sync returns low for at least one full clock cycle. 



Table 10. Filter Response Testing Input/Output Frequencies and Amplitude Gain Schedule 





Test 
Freq. 


Transmit 


Receive 


Input 
Freq. 


Measured 
Freq. 


Amp 
Weighting 


Input 
Freq. 


l\/leasured 
Freq. 


Amp 
Weighting 


1 


200 


200 


200 


1 


200 


200 


1 
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300 


300 


300 


1 


300 


300 


1 


3 


3000 


3000 


3000 
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3000 


3000 
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3300 


3300 


3300 


1 


3300 


3300 


1 
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3400 


3400 


3400 


1 


3400 


3400 


1 


6 


4000 


4000 


4000 


0to2 


4000 


4000 


0to2 


7 


4600 


4600 


3400 


1 


3400 


4600 


Sine 


"4600 tt" 
. 8000 . 




8 


7000 


7000 


1000 


1 


1000 


7000 


Sine 


'7000 77" 
. 8000 . 




9 


10000 


10000 


2000 
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2000 


10000 


Sine 


IOOOOtt 
8000 
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Analog Loopback— The 2914 (2913 does not have this 
feature) has the capability to be remotely programmed 
to disconnect the outside telephone lines and tie the 
transmit input directly to the receive output to effect 
analog loopback within the combo chip. This is accom- 
plished by setting the LOOP input to Vcc (TTL high). 
The result is to disconnect VFxI + and VFxI from 
the external circuitry and to connect internally 
PWRO+ to VFxI + , GSr to PWRO-, and VFxI- 
to GSx (see Figure 14). 



With this test set up, the entire PCM and analog trans- 
mission path up to the SLIC can be tested remotely by 
assigning a PCM Word to a time slot that is read by the 
combo being tested. This data is converted to analog 
and passed out of the receive channel. It is taken as 
input by the transmit channel where it is filtered and 
redigitized (encoded) back to PCM. The PCM word 
can now be put on the transmit highway and sent back 
to the remote test facility. By comparing the PCM data 
(individually or as a series of codes) the health of that 
particular connection can be verified. 




COMBOCHIP ANALOG LOOP BACK FUNCTION 



210314-23 



Figure 14. Simplified Block Diagram of 2914 Combochip In the Analog Loopback Configuration 
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Local Area Networking ^ 
Boards and Software 



OpeiiNET'^LO€AL AREA NETWORK FAMILY 



IRMX® 'NET 

on 

iRMX SYSTEMS 



PCUNK2 

on 
MS-DOS 



SV'OpenNEV 

on 

UNIX* SYSTEM V 



XNXNET 

on 

XENIX* SYSTEMS 



VMSNET 

on 

VAXA/MS* 



iNDX OpenNET 

on 

NRM SYSTEMS 



OpenlMEr": THE COMPLETE OPEIV IVETWORk SOLlTtOni 

Thr OpcnNRT family provides thr OKM with complctr Oikhi .\rt\wrk sdlulioiis lor aw ciiU'rpnsi'- 
multi-vendor network baml on intcrruilionul standards. 

FEATiJRES: 

• Interoperability between ttie factory, ofl'iec'. and enjiineerin^ einironinenls 

• (Complete hardwar(> and software network solutions 

• ()n-fjoinf» customer support throuf»h extensive training and appli<'alion d<'\elopnien! 
GUDE TO THE Opeml\IET^ PRODiJETS 



I Layers 



User Applications 



7 Application 

/ 


FTAM 


MMS 


iRMX -NET 


PCLINKP 

A 


VMSNET 


SV-OpenNET-';, 
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6 Presentation 


\^ Network 
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OpcnWET^^ OVERVIEW 




iRMX System 320 MULTIBUS II UNIX (RMX System 520 DOS 301/302 



I'scrs arc \)\m\\^ inrrrasin^ dcniands for data • Oprii lo cxpansKin 



Open to (lilli'ivin luinlwarc 



communications ca[)al)iliti(*s on their com[)ulin^ 

applications. The OpenNRT familv oC networking t)rodiicls ' '_^';^J[ '|V|.jJJ|''j^^,' 

su()[)lies those capabilities to let OKMs offer solutions to _\m'|'|Hi's®ll 

communications-intensixe requirements, based on Intel's ViV\T*Kus 
real-time computinfi products. 

• Open lo dilTerenl envii'onment 

• Open to multiple media — Kacloi'^ 

-iEKb: 802.3/h:thernet -Of! ice 

—Thin-wire Ethernet — l.ab 

— IKKK 802.4 — Kii«ineenni^ Workstation 
-.\.25 



Open to different Operatin^^ Systems 
— iR\l.\ 

-\is-rx)s* 

-PC-DOS 
-L\1X SYSTEM \* 
-WXAMS* 
-XENIX* 
-i\DX 



Open lo multi-\en(lor solutions 
Open to tiiture up«rad(»s 
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iRIIIX^-NET O PC nWET"' WET WORKING SOFTWARE 



iRMX^ 

MULTIBUS* I 
SYSTEM 320 



iRMX® 

MULTIBUS«> II 
SYSTEM 520 




AT-BUS 



MULTIBUS® II 



COMPLETE OpemlVET^ SOUJTmiM FOR 
REAL-TiME SYSTEMS 

Real-Time computer systems require a real-time operating 
system. The iKMX operating system fn)m Intel is the world's 
most popular operating system for real-time systems. 

Many real-time applications require networic communication. 
Intel's iRMX-Nlcr Release 3.0 delivers a rich set of 
networking capabilities and a full range of iRMX platform 
support: 

• Transparent Network File Access 

• Transport and Distributed Name Server Software with 
Programmatic Access 

• IRMX System 120 (AT-bus). 320 (MUlJIBLIS I) and 520 
(MULTIBL'S 11) Gmnections 

• Remote B(K)t for Diskless SysU'ms 

Networked iRMX systems serve in a wide range of re<il-time 
application areas including data acquisition, factory 
automation, financial workstations, military, medical 
instrumentation, simulation and process control. 



TRAmPAREm mrwoRK fele 

ACCESS 

iRMX-NKT implements the NR protocol to provide 
transparent file atxx'ss capabilities among iRMX, DOS. VAX/ 
VMS. UNIX. XKNIX and iNDX systems on the OpenNET 
network. Remote files are accessed as if tliey resided on the 
local IRMX system. iRMX-NET can be configured as a 
network file consumer, file server, or both, depending on the 
application s requirements. 

The IRMX operating system provides a rich set of human 
interface commands and system calls for accessing local 
files. With the addition of iRMX-NKT, these commands and 
system calls are transparently extended to remote access as 
well. Transparen(;y means that applications using the IRMX 
Human Interface commands or BIOS systc^m calls do not 
m^ed to know whether the files they access reside locally or 
on some remote systt^m. 
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iRMX®-NET OpcnWET^^ METWORKIIIG SOFTWARE 



iRMX® 

MULTIBUS® II 
SYSTEM 520 




AT-BUS 



MULTIBUS® II 



COMPLETE OpeutVEr'' SQLlTiOJ^ FOR 
REAL-nm SYSTEMS 

Real-Time computer systems require a real-time operating 
system The iKMX operating system fn)m Intel is the worlds 
most popular operating system for re^il-time systems. 

Many real-time applications require network communication. 
Intel's iRMX-NMT Release 3.0 delivers a rich set of 
networking capabilities and a full range of iRMX platform 
support: 

• Transparent Network File Access 

• Transport and Distributed Name Server Software with 
Programmatic Access 

• IRMX System 120 (AT-bus). 320 (MULTIBUS 1) and 520 
(MULTIBUS II) a)nnecti()ns 

• Remote EJoot for Diskless Systems 

Networked iRMX systems serve in a wide range of real-time 
application areas including data acquisition, factory 
automation, financial workstations, military, medical 
instrumentation, simulation and process control. 



TRAmFiREI^T I^IETWORk FilE 
ACCESS 

iRMX-NKT implements the NR protocol to provide 
transparent file access capabilities among iRMX. DOS. VAX/ 
VMS. UNIX. XKNIX and iNDX systems on the OpenNKT 
network. Remote files are acceSvSed as if they resided on the 
local iRMX system. iRMX-NET can be configured as a 
network file consumer, file server, or both, depending (in the 
application's requirements. 

The iRMX operating system provides a rich set of human 
interface commands and system calls for accessing local 
files. With the addition of iRMX-NKT. these commands and 
system calls are transparently extended to remote access as 
well. Transparen(!y means that applications using the iRMX 
Human Interface commands or BIOS system calls do not 
nt^ed to know whether the files they access reside locally or 
on some remote system. 
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iRMl®-NET OpcuHET^'' HETWORKIWC SOFTWARE 



OSt TRAmPOUT Am DKSTRtBiJTED 
mME SERVER WtTM PROGRAmmnc 
ijyTERFACE 

The iRMX-NKT R3.0 product Includes INA 960 R3 OSI 
Transport and Network software preconflgured ftir a variety 
of InU'l Network Interface Adapters. 

IKMX-NET R3.0 also includes the IRMX-NET Distributed 
Name Server software. The Distributed Name Server 
software maintains and provides access U) a network 
directory database. The database is distributed across the 
network' with each system maintaining its own logical piw 
of the directory. The Distributed Name Server software 
provides a full set of network directory services and is used 
U) perform such tasks as logical name to network address 
mapping for establishing network connections l^'tween 
systems. 

The combination of transparent network file access with 
iRMX commands and system calls, plus direct 
programmatic access to the iNA 960 Transport and iRMX- 
NET Distributed Name Stjrvcr software gives the 
programmer a powerful set of capabilities for developing 
real-time network applications. 

liryiEY® SYSTEM 120, 320 A^ID 520 

comECTtom 

iRMX-NRT R3.0 provides networking support for the full 
range of Intel real-time Systems, from the low-cost AT-Bus 
System 120. through the MULTIBUS I System 320, to the 
high-end multiprocessing MULTIBUS II System 520. iRMX- 
NET R3.0 aisc) supports iRMX board-level designs built 
around Intel's family of host CPU boards and Network 
Interface Adapters Consistent operating system and 
networking software interfaces provide for easy development 
of network applications that span the various iRMX 
platforms. 



REMOTE BOOT FOR DiSKLESS 
SYSTEMS 

iRMX-NET R3.() sup|K)rls networked diskless systems by 
proNiding network H(m>i Consumer. Mii Server and File 
Server capabilitii's. 



iRMX- II 
MULTIBUS* I 
Oiskleas System 




iRMX- II System 120/320/520 
Boot Server/File Server 



PRODUCT CODES 

RMIiraET iRMX-NET Networking Software for 

the IRMX 86 operating system. 

RMXIimET iRMX-NET Networking Software for 

the IRMX II operating systiin. 



REAL-TtME BOARD Am SYSTEM lEYEL SUPPORT 



IRMX - 86 iRMX"" II 





MULTIBUS- 1 


AT-BUS 


MULTIBUS' 1 


MULTIBUS® II 


SYSTEM 


SYSTEM 310AP 


SYSTEM 120 


SYSTEM 310AP, 320 


SYSTEM 520 


HOST 
BOARD 


iSBC 86/30 
iSBC 86/35 
iSBC 86/C38 
iSBC 286/10(A) 
iSBC 286/12, 14, 16 


SYSTEM 120 


iSBC 286/10A 
iSBC 286/12, 14, 16 
ISBC 386/12 
iSBC 386/2X 
iSBC 386 3X 


ISBC 386/116 
iSBC 386/120 
ISBC 386/258 


NETWORK 

INTERFACE 

ADAPTER 


ISBC 552(A) 
iSBC 186/51* 


PCLiNK2 


iSBC 552(A) 


ISBC 186/530 



* iSBC 186/51 support requires separate purcriase of iNA 960 R30 
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P€LINK2, HclBIOS, AHP MS^flET ACCESS FOR THE PC 



COmPlETE Opea/WEr SOUJTMIV 
FOR THE PC 

Users of IBM PC At PC XT and other compatible a)mputers 
can access Intel's OpenNET networking system tlirougii the 
OpenNET PC Linic2 family of hardware and software 
products. The hardware connection is provided by an 
801 86/82 586-based intelligent expansion board, the 
PCL1NK2 Network Interface Adapter (PCLINK2NIA). The 
software package incorporates: MS-NET for transparent file 
access under DOS. iNA 961. NetBIOS interface, dynamic 
name resolution and user-friendly installation software. 

The NetBIOS mterface provides the flexibility to use the 
PCLINK2NIA with commercially available NetBIOS 
compatible applications, such as IBM's PC-LAN program. 
Optionally. MS-NET networking software is available for the 
upper layers. 

TRAl\i8PAREniT IVETWORHMG FtlE 
ACCESS 

()penNET/PCLINK2 gives users the freedom to network PCs 
as consumer workstations or as file servers. PCL1NK2 with 
MS-NET implements the NF^ Protocol for easy access U) 
files on other operating systems, such as iNDX. XENIX. 
I'NIX.IKMX.orVAXAMS. 

REMOTE BOOT FOR DIShlESS 
SVSTEIIt 

Diskless workstation support for the PC is provided by on- 
board firmware, an IRMX-NET B(K)t Server and any 
Or)enNET Kile Server on the network. 




PRODVCT CODES 

8PCUNK2IVlyl PC Lmk2 Network Interface 

•\dapler. hardware' only 
f»P€liiniK2 Seven-layer solution with: 

SPCUNK2N1A. INA96 1. NetBIOS 

interface. MS-NET 
sPCIill^KIIBD Pive-layer solution with: 

sPCMNk2NlA. iNA961. NetBIOS 

interface 

8PCIjraH2TWKIT Seven-layer thin-wire solution with: 

sP(;iJNK2. CNKTXCVR. XCVRCBL-f) 
iiPCUl^K2Df:VKIT NetBIOS l)evek)per's Kit with: 

2-sP(:i.lNK2CNETKrrs. NetBIOS 

programmer kit 
PCLDOSRBIRO K(Miuest Bk)ek Dc*veloper's Softwai^ 

with iNA 961 for PCLINK2 



Q^l layers 
7 Application 



Presentation 



MS-NET 



IBM PC LAN 



8PCLINK2TWKIT 



S 



Session 



z: 



4 Transport 



8PCLtNK2 



iNA 961 



sPCLINKIIBD 



z: 



3 Netwo rk , 

|/ | 8PCUNK2N(A 



2 Data Link 



1 Physical 



x cvy»6bi^5 j n^^'^ Yhin-wiw 

5.R^t Cable 1 Transceiver 
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VAX/VMS* OpenNET''* NETWORKING SOFTWARE 



COMPLETE OfiemmT' SOLVTiO!^ FOR 
THE VAX 

\A.\AMS \et\K<)rking software (V'MSNK'n provides the 
Open NET connection for a VAX* or \licroVAX II* syst^'m to 
iRNlX. XEMX. MS-DOS. UNIX System V and iNKM sysU'mn. 

\ \1S\ET enables a \1lcro\AX or VAX s>su»m to act as an 
OpenNKT file server s>stem allowing; any ()|X'nNKT 
consumer node transparent file access to files on the - 
\licro\AXor\AX. 

The \ MSXKT product includes one of two types of Ethernet 
controller boards: a UMBUS* board for the VAX or a (.)-l)iis* 
board for the NhcnAAX. 

\MSNET software fXTforms the OpenNET functions via an 
implementation of the Network Kile Access (NKA) file server 
prot(K'ols. WIS consumer bi-directional file transfer utilities, 
and Intel's \H\ 960 transport layer software running on the 
supplied intelligent l.\N controllei^. 

\ set of network mana^emenl utilities provide (Micro)VAX 
users with information and statistics al)()ut \MSNET 
activities 

FILEjiCCESS 

• Transpai'enl file access between a \ \XA MS server and 
MS-DOS. iRMX. XENIX. I'NIX Svstem \ and iNRM 

sv stems 

• DECnet compatibilitv consumer nodes mav access 
remote files using \ MS logical names over DECnet (no file 
locking or compatibilitv mode opens) 

HOST REOiJIRElHEIMTS 

• \AX 1:)0. 780. 782. 783 

• VAX 8200. 8250. 8300. 8330. 8600. 8630 

• MicroVAXii 

• (Micro)V MS versions 4.2-3.0 

HARDWARE FEATURES 

• 80186/82586-l)ased L\N Boards 

• Unibus power re()nirements: + 5 V DC at AS) amps, 

6 amps maximum. - 15 VDC at .5 amps, 3 amp surge 

• 01)us power requirements: + 3 VDC at 6 amps. 6 amps 
ma.ximum. 

• internal cables, mounting hardware and user manuals are 
included. 

Hardware Installation and service contracts should tie 
arranged with Digital Equipment Servin^ FVrsonnel. 




IBM PC AT/XT iRMX System 120 



PRODUCT €ODES 

VMSI^KT \ \XA MS N(tworking Software for 

VAX famil> 

HI VIMSWRT \ A,\A MS N(«tworking Soflwan^ for 

MicroV \X II 
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IllTEL SYSTEM V Opcn^ET^M^ETWORKIIlG SOFTWARE 



COIUPUSTE OpenmT' SOUJTiO!^ FOR 
mtX SYSTEM \ 

S\-Open\ET connects Intel SYSTEM \7386 systems with all 
the OpenNKT nodes. S\-OpenNET is available for MUIJIBUS 
I and \!L LTIBUS 11. The product includes a complete 
solution: communications board. Mail. VT. pnnt spooling?. 
nameser\er mterface library (NSI). and network , 
management. 

S\-Open\KT allows application interfacing through the UNIX 
TLI library. Applications may also access SV-OpenNKT via 
the higher-level NSI library. SV-OpenNRT can also coexist 
with the UNIX network, KFS. 

FEATmES 

Network File Access (NI'A) based 

• Core. Extended, and Intel protocols supported 

• Both Server and Consumer functionality supported 

• Remote Batch Execution (RBE) through "rexec" 

miWORh ABmmSTRATtOI^ Am 

MiAmGEME!%T 

• G)mpatil)le with XEN'I.X-NET 

• File-based \ameser\er compatible with XENIX-NRT 
/net/data flies 

• Supports \I\IDF M 2BSD L'MX mail) 

• Interoperalcs with XENIX-NET 

vmrmi TERimmi (vt) 

• ()pcn.\ET/MS-NET VT protcK'oIs supported 

• Both Server and Consumer functionality supported 




PRil^TSPOOUm 

• Interface through "rprinl" 

• Supports Core printer spooling protocol 

mix STAmARD miERFACE 

• Interface via AT&T supplied TM (Streams) library, 
allowing all TLI applications to interofKM'ate with SV- 
OpenNET 

• SV-OpenNET provides a library. NSI. for high-level Virtual 
Circuit (VC) creation and name to address translation. 
The NSI then communicates dirmly with the UNIX TLI 

HOST REOVEREmiyTS 

Intel SYSTEM V3.I I NIX Operating System on MULTIBUS 1 
or MULTIBUS II 

PRODUCT CODES 

S\mn%2\ SV-OpenNET with iSBC 552A on 
MULTIBUS I 

SVHETSSO SV-OjX'nNET with iSBC 186/530 on 

MULTIBUS 11 
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MAP/TOP OpenWET"^ WETWORKIKC SOFTWARE 



Eso/ast comFORmivT mrwoRK 

SOFTWARE 

Intel's MAPNET™ provides all seven layers of the industry- 
standard ISO/OSI specification for both Broadband (IEEE 
802.4) and Ethernet (IEEE 802.3) environments. 

The MAPNET software comes preoonfigured or configurable 
to allovc' the OEM to change parameters as necessary. In 
addition. MAPNET provides multiple implementation 
methods (MAP on Broadband. MAP on Ethernet, and the 
coexistence of Broadband and Ethernet) to get started with 
MAR The open software architecture allows an easy port to 
other operating systems and hardware. 

PRECOWEGmED mP2ESXM 

The preconfigured form (MAP21SXM) provides iSO/OSI 
Layers 3 through 7 of the MAP2.1 specification. It is 
preconfigured with iNA 960 to run on Intel's iSBG554 IKEK 
802.4 Token Bus MAP board to pn)vide a seven layer 
solution. The premnfigured MAP21SXM software product is 
supplied with iRMX device drivers, user interface utilities, 
and the contormance tested MAPNET software. 

cowegejrabEjE HAPmm 

The wnfigurable MAPNET21 implements layois 5 through 7 
of the MAP2 1 specification. MAPNET21 is designed to 
interface with iNA 960 and the iSBC-554 U) provide a 
complete seven layer configurable MAP solution for OEMs. 



FEATEJRES 

The MAPNET products i)r()vide session services, directory 
services, network management. FTAM. and CASE as 
specified in the MAP2.1 specification. 

Using the services of MAPNET. users can initiate 
communications with other users on a MAP network, access 
information regarding resources available on the network, 
transfer files across the network, and address others by 
logical names rather than numbered addresses. 

The Manufacturing Messaging Specification (RS-511 or MMS) 
for MAPNET on iRMX-86 is also available from independent 
software vendors. 

PRODUCT CODES 

MAPNEY2 1 Configurable ISO/OSI Layers 5 

through 7 ofl he MAP2.1 
llly%P2 1 SXniRO Pix^configured ISO/OSI Layers 3 

through 7 of the MAP2.1 



s 

z 
< 
s 

UJ 



FTAM 



Presentation 



Session 



Transport 



Network 



Data Link 



Physicai 
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iWA 960 OpenWET^" HETWORKiroC SOFTWARE 



TRAmpoRT Am mrwoRh 

i\ \ 960 IS a complete Network and Transport (ISO/OSI 
Lasers 3 and 4) softv\are svstem plus a comprehensive set 
of network management functions. Data Link (OSl Layer 2) 
drixers for mv: 802.3 Ethernet and IKEK 802.4 Token Bus 
(MAP), and s>stem environment features. 

FLEXtBUS Am mGHL\ 
COWtGmABLE 

\\\ 960 IS a mature, flexible, and read>-to-use software 
building block for ORM suppliers of networked systems for 
both manufacturmg and office applications (e.g.. M.AP 
and TOP). 

This software is highly configurai)le for designs based on 
the 82r)86 and 82588 L \N controllers. 82501 and 82502 
Kthernet serial interface and iransceiver. and the 8086 
famil> of micropHK'essors. 

COIMneURABLE AT TBE OBJECT CODE 
LEVEL 

0)nsisting of linkable object modules, the iNA 960 software 
ran be configured to ini{)lement a range of capabilities and 
interface protocols iN \ 960 has a large installed base and 
has been used reliabl\ m a \ariety of systems from IBM P(; 
\T/\Ts to \ A\A\IS to IBM mainframes. 

BASED oni mTERmnomL 

STAmARDS 

Based on the ISO/OSI seven layer model for network 
communications. i\A 960 implements ISO 8073 Transport 
Class 4 providing reliable full-duplex message delivery 
serv ice on top of the Internet capabilities offered b> the 
network laver The iNA 960 network layer is an 
implementation of the ISO 8473 Network Class 3 
Connectionless Network Protocol and supports ISO 9542 
End System to Intermediate System Network Dynamic 
Routing. iNA 960 also supports ISO 8602 Connectionless 
Transport Protocol (Datagram). 



PRECOWWIRED ilMA 96i 

i\A 9(i() conlains the preconfigured iNA 961 which includes 
sup|)ort for the iSBC 552 \. iSBC 186/530. and the 
ISBC 55 \ 

REBiOTE BOOT SERVER SUPPORT 

iN \ 960 provides basic ImmiI simaci' capabilities that will 
traiLsmil predefined imagers to diskless network nodes that 
re{|uest them. 

mLThSERVER/COI^SmER SUPPORT 

iNA 9(i0 supports the powerful Ml'LTIBl'S II feature of 
multi[)le host and communications boaixis. Ideal for LAN 
load balancing and redundant networks for fault-tolerant 
systems. 

FEATURES 

• Certified ISO/OSI Transport and Network Layer Software 

• ISO 8072/8073 Transport Class 4 

• ISO 8602 Connectionless Transp(»rt 

• ISO 8348/8473 (>)nnectionless Network 

• ISO 9542 End System to Intermediate Svstem Dynamic 
Kouling 

• (>)m()rehensive Netwoik Management Functions 

• Remote Bool Serv(M' for diskless workstations 

• Data Link Drivers for iSBC 552A. iSBX 586. iSBC 
186/530. iSBC 554, and iSBC 186/51 

PRODICT CODES 

ll>i A960J Includes IN A 96 1 on R.MX diskette 

format 
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MI]LTIB1)S®I OpcnWET^" METWORKII^C HARDWARE 



iEEE 802. 3/ETHERmT COMMmiCATIOfV COntPUTER 




82580 IAN coprocessor for Ethcnicl/IKKl:: 
802.3 communication 

Two serial interfact^s, RS232C and 
RS422\/RS449 compatible 

6 MHz 80180 micropnjcvsyor 

128K bytcy of dual-porl KAM exf)anriable 
t)n-boar(J to 25dK bytes 

S<K'kets Ibr up to 192K bytes of JRDRC 
2B-pin standard m<'m()ry devices 

Pr(xiuclC(Kle:sSBC180r)l 



CPU 80186 (6 MHz) 

RAM (Bytes) 128K/256K dual port 

EPROM (Bytes) 192K (27256). 96K (27128). 

48K (2764). 4K (2732) 

Serial I/O 2 ports, 26-pin 3M connector (RS232CM22A/449) 

Ethernet I/O 1 port, 10-pln AMP connector 

Baud rates (RS232/422/449) 75-9600 baud (async.) 

176-38.4K baud (sync.) 

Timers 3 

Interrupts 9 levels, 28 sources 

ISBX™ Connectors 2 

Software Support iRMX® 86 O.s!, iNA 966,"iRMX®-NET 

Power Requirements -»- 5V 7 46 A 

+ 12V 40 mA 

-12V 40 mA 



isbc^isxht" 5524 mtjriBJus i 

iEEE 802. 3/ETHERmT IVETWORh MTERFACE ADAPTER 



CPU 80186 (8 MHz) 

LAN Coprocessor. . . 82586 

RAM (Bytes) 256K 

EPROM (Bytes) 128K (27512). 16K (2764) 

MULTIBUS® Address Any 64 KB boundary^ 

with a 16 MB address space 

Software Support iNA 960/961 

Power Requirements + 5V 6.2 A 

+ 12V 0.5 A 




■ High Performance lEKK B()2.3/Kthernet 
compatible network front-end pn)a^ssor 

■ Resident network software can be down- 
loaded o\er the bus or the LAN 

■ On-board diagnostic and bocjt firmware 

■ iSXNr 552'\ version is a preconfigured 
controller for executing iNA 961 (ISO 8073 
Transport and ISO 8473 Network 
software) in System 310 and 320 family 
products 

■ Product Code: pSBC552A. pSXM552A 
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MULTIBUS®!! OpenroET^^ roETWOR!iiroG !!y|RDWARE 



ISBC^ 186/530 MUlTMBtJS^U 

IEEE 802. 3/ETHERmT miWORH mTERFACE ADAPTER 




■ Provides Ethernet® (IKKK 802.3) 
compatible networking capability Ibr ail 
MUITIBL'S®!! systems 

■ MULTIBUS®!! iPSB (Parallel System Bus) 
interface wltti Hill M(^ssag(' l*assin^ 
capabilit> 

■ Kesident firmware to support Built-m-Self- 
Test (BIST) power-up cilafjnostics. and host- 
to-controller software download 

■ Four 28-pin JEDKC sites, expandable to 8 
sites with iSBC® 341 MLHTIMODULK® lor 
a maximum of 512K bytes of EPROM 

■ Provides one KS232C serial port foi' use in 
debug and testing 

■ Product Code: pSBG18(-)53() 



CPU 80186 (8 MHz) 

DRAM 512 KB on-board 

EPROM 4 28-pin JEDEC sites, up to 256 KB (max.) 

using 27512 devices, up to 512 KB (total) using iSBC® 341 module 

Ethernet I/O 1 channel 15-pin cpnnector 

Controller 82586 LAN Coprocessor 

Serial I/O 1 channel RS232C, 15-pin connector 

Controller 8031 

Leads Supported. ... tD, RD 

Timers .3 



Interrupts 

Power Requirements 4- 5V . 



+ 12V 
-12V . 



5 levels with 5 on-board sources 
and 255 sources from iPSB Bus 
.8 8 A (excludes power for 
user-installed memory devices) 

50 mA 

50 m A 



PC BUS OpenNET'"* NETWORK!IlG HARDWyiRE 



PC Um2 lyETWORK t!%TERFACE ADAPTER (PC Um2 /¥I4> 




CPU 80186 (8 MHz) 

LAN Communications Controller , ,82586 

Ethernet Interface 15-pin connector. 82501 serial interface 

DRAM 256 KB (dual-port), 0 wait-state memory access by the CPU 

EPROM 16KB 

Size 4.15 in H X 13.3 in W 

Power Requirements -i-SV 20 A 

+ 12V o!5 A 



■ Intelligent high performance hardware with 
on-board microprocessor, 16K bytes 
EPROM and 256K bytes RAM. 

■ Full slot PC AT. PC XT (or compatible 
computer system) board 

■ 80186 microprocessor, 82586 LAN 
coprocessor, 8 MHz zero-wait-state 
memory access. 



I RAM shared b\ th(> PC host and PC Link2 hoard via an 8K memory 
window. 

I JunifMT selection for Ethernet or lEEK 802.3 
I Effective self diagnostics. 
I Product (>)de: sPCIJ\k2NI\ 
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OpcaHET"' HET WORK IMC ACCESSORIES 



ISBX" 586 DATA UlVh EKGME miLTIMODVLE'^ BOARD 



lit: 



LAN Coprocessor 82586 (8 MHz) 

RAM (Bytes) 16K (dual-port) 

Software Support jna 960/961 

Power Requirements + 5V . 2 0 A 

+ 12V ....'.10 A 



Provides an lEEK 802 S/Ethernct 
compatible connection for 8086 and 
80186-based host boards over a 16-biL 
iSBX™ interface 

Sin^^le-wide iSB.V MULTIMODllK™ 



Conip/ilibk \\\\\\ i\ \ })(>()/()()i ISO 807:^ Transport and ISO 8473 
N<'l\\ork soUwarc 

ProMdcs an IKKI-: 802 [\ to IKKK 802.4 Router capabililv when used 
wilh thr iSRC® I IKKK 802. 1 IA\ conlroiler 



■ I'rodiicl Oide- sSRXiW 
Size 




14in Wx78in Hx5.5in D 

Power Requirements 100/120/220/240 VAC, 47-64 Hz 



Connects up to nine Rthernet compatil)le 
workstations w ithout the need lor 
transceivers or coa.xial cable 

Connects directlv to the Kthernet coa\ial 
cable through a standard transceiver cal)le 



Cascadabic to suppoii I /-HI wl)Ik^t.lll(lIl^ 
Prodiirt Code pDCMDll 1 



ETHERmT/iEEE 802.3 TUtlM-^WIRE TR/liySCEiVER 

Size 

Power Requirements + 12V 
(from transceiver cable) 




2 8 in X 3.6 in. X 3.8 in 
.375 mA 



Die-cast metal case for protection, reduced 
F:\1I. and efficient heat dissi[)ation 

i-ow inrush current at power-up, auto 
shutdown when low-in[)ul voltage occurs, 
and surge protection 

IKKK 802.3-C()mpliant. Ethernet Vl.OA'2 0 
compatible 



Three l.KDs monitor power slat us packet collisions and signal (iualit> 

Removable 8\C l>pe cable tap 

L'ser-configurable Ibr use wilh or without heartbeat 

Product Code (:\KT\(;\K 



7-13 



m 



OpcnUET^" KETWORRIWC ORBERIWG INrORN ATION 



Code 



Pc8crlptki« 



iRMX-mr OpenmT FKODiJCrS 



nniiiiVEr 

WNIIIiniET 



iRMX-NET for iRMX 86 operating system 
iRMX-NET for iRMX il operating system 



PCUm2 OfiemmT PRODWTS 



•PGUniK2Nli% 

sPCUIVKZ 

•PCXINKIIBD 

srCIiirVK2TWKIT 

sP€UniK2DE¥HIT 

PCLOaSRBIKO 

P€IiD08RBIRr 

PCUVKSWIIPRO 

PCUVKSWUPRF 



l*C Link2 Network Interfaee AdaptiT Hardware only 

Seven-layer Solution with sPGLlNK2NIA. iNA96l, NetBIOS inUTfaee. MS-NET 

Five-layer Solution with sPCLINK2MA, iNA9til. NetBIOS inUTfaee 

Seven-layer Thm-wire Solution with sPCLlNK2. CNKTXCVK. XCVKCBL-f) 

NetBIOS Developer's Kit with 2-sPaiNK2CNKTKITs, NetBIOS programmer kit 

R(?(iuest Bl(x;k Develo|KT's Software with iNA 1)01 for PCIilNK2 

Royalty fee for PCLDOSDRBIRO 

iNA96l R1 to K2 migration softwar(^ for PC hnk and Rl to R3 for PC Liiik2 
Royalty fet^ for PCLNKSWUPRO 



VAX/ms opeamr prodvcts 



VMSNET 
MYNSNET 


Networking Software for VAX family 
VAXA'MS Networking Software for MicroVAX 11 


mix 8YSTE1MI V OpealVET PRODUCTS 


8VI«ETS52i% 
SVniETSSO 


UNIX SV-OpenNET with iSBC 552A on MULTIBUS 1 
UNIX SV-OpenNET with ISBC 186/530 on MULTIBUS II 


MAP/TOP OpemmT PRODVCTS 


IIIAPNET2I 

III4P!1ET21RF 

1IIAP218XIIIRO 

1IIAP21SIIIIRF 

8BC5541 

8BCSS43 


Configurable ISO/OSl Layers 5 through 7 of the MAP2.I 
Royalty fee for MAPNET21 

Preconfigured ISO/OSl Layers 3 through 7 of thi> MAP2.1. Includes license 
Royalty fee for MAP21SXM 

iSBC554-l MULTIBUS 1 MAP Communications Engine. Xmit: CH 3'. 4' Rcv: GIRO 
ISBC554-3 MULTIBUS 1 MAP Communications Engine. Xmit: CH6'. FMl' Rcv: CH I U 


im 960 OpeMET iSO/OSt PRODUCTS 


IIVA9MRF 


ISO/OSI Transport and Network layers, includes iNA961 
Royalty fee for INA960 


MVLTiEVS f Am miTmVS U MEEE 802. 3/ETHERlVET PRODUCTS 


88BC186S1 
PSBCSS2A 
II8XMS52A 
P8BC188530 


iSBC 1 86/5 1 MULTIBUS 1 IEEE 802.3/Ethernel Ownmunicatlon 0)mputer 
iSBC 552A MULTIBUS 1 IEEE 802.3/Ethernet Network Interface Acjapter 
ISBC 552A preconfigured for Intel System 310 and 320. includes iNA 961 royalty 
iSBC 186/530 MULTIBUS II IEEE 802.3/Ethernet Network Interface Adapter 


OpemlVET IVETWORUm ACCESSORIES 


88B1588 
PDCIII911I 
CNETXCVR 
XGVRCBIrS 


iSBX 586 MULTIMODULE IEEE 802.3/Ethcrnct Data Link board 
IDCM 911-1 Intellink Fan-out Unit 

Thin-wire transceiver. Requires transceiver cable (XCVRCBL-S) ^ 
Five-foot transceiver cable 
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O p cnHET"' HETWORkll^G LITER ATDRE 



€ode 


DefM;rlplioii 


IRMX-mr OpenlMET PRODtJCTS 


462040- 001 

462041- 001 


iRMX-NET Software Release a.O Installation and Coni'i^^iiration (iiiide 
IRMX-NKT Software Release 3.0 User's (hiide 


PCUm2 OpeniyET PRODUCTS 


46066S-001 
450772-001 
462305-001 
462311-001 
462308-001 


MS-NET User's Guide 

PCLINK2 Hardware Reference Manual 

PCLINK2 NIA Hardware Installation (luide 

PCMNK2 Software Developer's Manual 

PCLINK R3 0 Software For DOS— Installation (Uiide 


VA\/VI9tS OpealMET PRODUCTS 


1 480071-001 


VAXA'MS OpenNET 1 iser s Manual 1 


mtX SYSTEM V OpenmT PRODUCTS 


462740- 001 

462741- 001 


SV-dpenNET User's Manual 

S\-()penNET Installation and \dininistiiilioii (luide 


MAP/TOP OpenmT PRODUCTS 


461298-001 
454209-001 
460432-001 


MAPNETlser'sdiilde 

iSRC 554 Network Interface Adapter llardwai'c Kcfercftcc Manual 
M\P Broadband St<irter Kit (luide 


im 960 OpenmT ESO/OSt PRODUCTS 


462250-001 
462252-001 


iNA 960 K3 Pro^jrammer's Reference Manual 
INA 960 R3 Installation and Configuration (iuide 


mi/rmns i ai^d miTwus u meee 802. s/ETUERmT products 


122330-001 
149228-001 
149226-002 


iSBG 186/01 COMMputer Board Hardware Reference Manual 
iSBC 552A IEEE 802.3 Communications Controller User's Ouide 
iSBC 186/r)3() Network Intcrfaa^ Adapter User's Cuide 


OpenmT mTWORhtm ACCESSORtES 


122290-001 
122074-002 
280665-001 


iSBX 586 MUIJIMODULE Ethernet Communication Controller Hardware Reference Manual 
IDGM 911-1 Intellink Cluster Module Reference Manual 
Ethernet/IEEE 802 3 Thin-wire Transceiver Kadshtrt 



♦UNIX is a registered trademark of AT<&T 
MS-DOS. XENIX are trademarks of Microsoft 

DECnet. WXAMS. MicroVAX, UNIBUS are trademarks of Digital E(|uipment a)rporation 
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Serial Communication Boards Q 



iSBC® 88/45 
ADVANCED DATA COMMUNICATIONS 
PROCESSOR BOARD 



Three HDLC/SDLC Half/Full-Duplex 
Communication Clianneis— Optionai 
ASYNC/SYNC on Two Channeis 

Supports RS232C (Inciuding iUlodem 
Support), CCITT V.24, or RS422A/449 
interfaces 

On-Board DMA Supports 800K Baud 
Operation 

Self-Cioclcing NRZi SDLC Loop Data 
Linic Interface 

— Point-to-PoInt 

— IMultidrop 

Software Programmable Baud Rate 
Generation 



■ 8088 (8088-2) l\/licroprocessor Operates 
at 8 MHz 

m iSBC® 337 Numeric Data Processor 
Option Supported 

■ 16K Bytes Static RAM (12K Bytes Dual- 
Ported) 

■ Four 28-Pin JEDEC Sites for EPROIVI/ 
RAM Expansion; Four Additional 28-Pin 
JEDEC Sites Added with ISBC® 341 
Board 

■ Two iSBXTM Bus Connectors 

■ MULTIBUS® Interface Supports 
Muitimaster Configuration 



The iSBC 88/45 Advanced Data Communications Processor (ADCP) Board adds 8 hAHz, 8088 (8088-2) 8-bit 
microprocessor-based communications flexibility to the Intel line of OEM microcomputer systems. The 
iSBC 88/45 ADCP board offers asynchronous, synchronous, SDLC, and HDLC serial interfaces for gateway 
networking or general purpose solutions. The iSBC 88/45 ADCP board provides the CPU, system clock, 
EPROM/RAM, serial I/O ports, priority interrupt logic, and programmable timers to facilitate higher-level appli- 
cation solutions. 




210372-1 



8-1 



September 1987 
Order Number: 210372-002 



hler 



iSBC® 88/45 BOARD 



FUNCTIONAL DESCRIPTION 



plemented by the user include SNA terminal inter- 
faces to IBM systems. 



Three Communication Channels 

Three programmable HDLC/SDLC seri^il interfaces 
are provided on the iSBC 88/45 ADCP board. The 
SDLC interface is familiar to IBM system and termi- 
nal equipment users. The HDLC interface is known 
by users of CCITT's X.25 packet switching interface. 

One channel utilizes an Intel 8273 controller to man- 
age the serial data transfers. Accepting the 8-bit 
data bytes from the local bus, the 8273 controller 
translates the data into the HDLC/SDLC format. The 
channel operates in half/full-duplex mode. 

In addition to the synchronous mode, the 8273 con- 
troller operates asynchronously with NRZI encoded 
data which is found in systems such as the IBM 
3650 Retail Store System. An SDLC loop configura- 
tion using iSBX 352 and iSBC 88/45 products is 
shown in Figure 1 . 

The two additional channels utilize the Intel 8274 
Multi-Protocol Serial Controller (MPSC). The MPSC 
provides two independent half/full-duplex serial 
channels which provide asynchronous, synchro- 
nous, HDLC or SDLC protocol operations. The sync 
and async protocol operations are commonly used 
to communicate with inexpensive terminals and sys- 
tems. 

The three serial channels of the iSBC 88/45 ADCP 
board offer communications capability to manage a 
gateway application. The gateway application, as 
shown in Figure 1, manages diverse protocol re- 
quirements for data movement between channels. 
Typical protocol management software layers im- 



On-Board DMA 

For high-speed communications, one MPSC chan- 
nel has a DMA capacity to support an 800K baud 
rate. The second channel attached to the MPSC is 
capable of simultaneous 800K baud operation when 
configured with DMA capability, but is connected to 
an RS232C interface which is defined as 20K baud 
maximum. Figure 2 shows an RS422A/449 multi- 
drop application which supports high-speed opera- 
tion. 



Interfaces Supported 

The iSBC 88/45 ADCP board provides an excellent 
foundation to support these electrical and diverse 
software drivers protocol interfaces. The control 
lines, serial data lines, and signal ground lines are 
brought out to the three double-edge connectors. 
Figure 3 shows the cable to connector construction. 
Two connectors are pre-configured for RS422A/ 
449. All three channels are configurable for 
RS232C/CCITT V.24 interfaces as shown in Table 
1. 

Table 1. iSBC® 88/45 Supported Configurations 



Connection 


Synchronous 


Asynchronous 


l\/lodem 


Direct 


i\/lodem* 


Direct 


Point-to-Point 


X** 


X 


X 


X 


Multidrop 


X 


X 


X 


X 


Loop 


N.A. 


N.A. 


C 
(Only) 


c 

(Only) 



•Modern should not respond to break. 
**Channe|s A, B, and C denoted by X 



I 62731 



I I 



iSBX^ 352 




iSBX « 352 




iSBX - 352 



IT 



J C 



POINT OF SALE 
9 6KBAUD 
SDLC LOOP 



iSBX " 352 




iSBX 352 




ISBX - 352 



SPECIAL 
INSTRUMENT 



DATA 

COLLECTION 



HOST 
CPU 



19 2K BAUD 
SYNC 



Figure 1. iSBC® 88/45 Gateway Processor Exampie 
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iSBC® 88/45 BOARD 



CONNECTOR 
J1 





TT 




SD 




RT 


iSBC- 86/45 




BOARD 






RD 
TR 
DM 



TR DM SD TT RD RT 



iSBC 88/45 
BOARD 



DM SD TT RD RT 



iSBC- 86/45 
BOARD 



SLAVE A SLAVE B 

210372-3 

NOTE: 

The last slave device In the system must contain termination resistors on all signal lines received by the slave board. 
The master device contains bias resistors on all signal lines. 

Figure 2. Synchronous Multidrop Network Configuration Example — RS422A 



CONNECTOR PIN 1 ■ 




CONNECTOR PIN 2 



CONNECTOR PIN 1 ' 



CONNECTOR PIN 1 . 




CONNECTOR PIN 1 ' 



Figure 3. Cable Construction and Installation for RS232C and RS422A/449 Interface 
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iSBC® 88/45 BOARD 



Self Clocking Polnt-to-Point Interface 

The iSBC 88/46 ADCP board is used In an asyn- 
chronous mode interface when configured as shown 
In Figure 4. The point-to-point RS232C example 
uses the self-clocking mode interface for NRZI en- 
coding/decoding of data. The digital phase-lock 
loop allows operation of the Interface in either half- 
duplex or full/duplex implementation with or without 
modems. 



CONNECTOR CONNECTOR 
J1 J2 OR J3 J1 J2 OR J3 



TkC 












RxC 


T«0 












RxD 


RTS 






O 






RTS 


iSBC 8«/45 CIS 
BOARD RkC 




MODEM 


MODEM 




CTS iSBC 68/4S 
ThC BOARD 


RxO 










TxD 


DTR 












DSR 


DSR 












DTR 
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Figure 4. Self-Clocking or Asynchronous Polnt- 
to-Point Modem Interface Configuration 
Example— RS232C 



Synchronous Point-to-Point Interface 

Figure 5 shows a synchronous point-to-point mode 
of operation for the ISBC 88/45 ADCP board. This 
RS232C example uses a modem to generate the 
receive clock for coordination of the data transfer. 
The ISBC 88/45 ADCP board generates the transmit 
synchronizing clock for synchronous transmission. 



CONNECTOR CONNECTOR 
J1. J2 0R J3 J1. J2 0R J3 



RTS 












RTS 


CTS 












CTS 


iSBC- 68/45 TxO 
BOARD 




MODEM 


C 


MODEM 




RxD (SBC- 86/45 
T,o BOARD 


DTR 










DSR 


DSR 












DTR 
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Figure 5. Synchronous Point-to-PoInt Modem 
Interface Configuration Example— RS232C 

Central Processing Unit 

The central processor for the ISBC 88/45 Advanced 
Data Communications Processor board is Ihtel's 
lAPX 8088 microprocessor operating at 8 MHz. The 
microprocessor interface to other functions is illus- 
trated In Figure 6. The microprocessor architec- 



ture is designed to effectively execute the applica- 
tion and networking software written in higher-level 
languages. 

This architectural support includes four 16-bit byte 
addressable data registers, two 16-bit memory base 
pointer registers and two 16-bit Index registers. 
These registers are addressable through 24 different 
operand addressing modes for comprehensive 
memory addressing and for high-level language data 
structure manipulation. 

The stack-oriented architecture readily supports 
Intel's IRMX executives and IMMX multiprocessing 
software. Both software packages are designed for 
modular application programming. Facilitating the 
fast inter-module communications, the 4-byte in- 
struction queue supports program constructs need- 
ed for real-time systems. 

Since programs are segmented between pure pro- 
cedure and data, four segment registers (code, 
stack, data, extra) are available for addressing 1 
megabyte of memory space. These registers contain 
the offset values used to address a 64K byte seg- 
ment. The registers are controlled explicitly through 
program control or Implicitly by high-level language 
functions and instructions. 

The real-time system software can also utilize the 
programmable timers as shown in Table 2 and vari- 
ous interrupt control modes available on the ADCP 
board to have responsive and effective application 
solutions. 



Table 2. Programmable Timer Functions 



Function 


Operation 


Interrupt on Terminal 
Count 


An Interrupt is generated on 
terminal count being reached. 
This function is useful for 
generation of real-time 
clocks. 


Rate Generator 


Divide by N counter. Based 
on the input clock period, the 
output pulse remains low until 
the count Is expired. 


Square Wave 
Generator 


Output remains high for one- 
half the count, goes low for 
the remainder of the count. 


Software Triggered 
Strobe 


Output remains high until 
count expires, then goes low 
for one clock period. 
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iSBC® 88/45 BOARD 



Numeric Data Processor Extension 

The 8088 instruction set includes 8-bit and 16-bit 
signed and unsigned arithmetic operators for binary, 
BCD, and unpacked ASCII data. For enhanced nu- 
merics processing capability, the iSBC 337 MULTI- 
MODULE Numeric Data Processor extends the 
8088 architecture and data set. 

The extended numerics capability includes over 60 
numeric instructions offering arithmetic, trigonomet- 
ric, transcendental, logarithmic, and exponential in- 
structions. Many math-oriented applications utilize 
the 16-, 32-, and 64-bit integer, 32- and 64-bit float- 
ing point, 18-digit packed BCD, and 80-bit temporary 
data types. 



16K Bytes Static Ram 

The iSBC 88/45 ADCP board contains 16K bytes of 
high-speed static RAM, with 12K bytes dual-ported 
which is addressable from other MULTIBUS devic- 
es. When coupled with the high-speed DMA capabil- 
ity of the iSBC 88/45 ADCP board, the dual-ported 
memory provides effective data communication buff- 
ers. The dual-ported memory is useful for interproc- 
essor message transfers. 



Interrupt Capability 

The iSBC 88/45 ADCP board provides nine vec- 
tored interrupt levels. The highest level is the NMI 
(Non-Maskable Interrupt) line. The additional eight 
interrupt levels are vectored via the Intel 8259A Pro- 
grammable Interrupt Controller (PIC). As shown in 
Table 3, four priority processing modes are available 
to match interrupt servicing requirements. These 
modes and priority assignments are dynamically 
configurable by the system software. 

Tabie 3. Programmable Interrupt Modes 



Mode 


Operation 


Nested 


Interrupt request line priorities 
fixed; interrupt 0 is the highest 
and 7 is the lowest. 


Auto-Rotating 


The interrupt priority rotates; 
once an interrupt is serviced it 
becomes the lowest priority. 


Specific Priority 


System software assigns 
lowest level priority. The other 
levels are sequenced based on 
the level assigned. 


Polled 


System software examines 
priority interrupt via interrupt 
status register. 



WAIT 
STATE 
CONTROL 



[2 



c 



A00AO7 ASAF PA10 PAIS AOORESS/OATA 



c=c> 



AD0W6SS RAO WAF 



r" 



EPROM 
EXPANSION 
(ISBC- 341 

SOAROl 
MK BYTES 



woo ROT DATA 



PORT 
ACCESS 
CONTROL 



34 BIT 
SLAVE 
ADDRESS 
DECODE 



MULTIBUS- 
DATA AND 
ADDRESS 



t 




1 


t 




•273, 1274 
SERIAL 

UO 




S2SSA 
PARALLEL 

I/O 




■2M2 

PIT 

• CONTROLLERS 




•3MA 

INTERRUPT 
CONTROL 



MULTIBUS 
ADDRESS BITS 
AOR14/ADR17 
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Figure 6. Block Diagram of the ISBC® 88/45 ADCP Board 
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Interrupt Request Generation 

Listed in Table 4 are the devices and functions sup- 
ported by interrupts on the iSBC 88/45 ADCP board. 
All interrupt signals are brought to the interrupt jump- 
er matrix. Any of the 23 interrupt sources are 
strapped to the appropriate 8259A PIC request level. 
The PIC resolves requests according to the software 
selected mode and, if the interrupt is unmasked, is- 
sues an interrupt to the CPU. 



EPROM/RAM Expansion 

In addition to the pn-board RAM, the iSBC 88/45 
ADCP board provides four 28-pin JEDEC sockets for 
EPROM expansion. By using 2764 EPROMs, the 
board has 32K bytes of program storage. Three of 
the JEDEC standard sockets also support byte-wide 
static RAMs or IRAMs; using 8K x 8 static RAMs 
provides an additional 24K bytes of RAM. 

Inserting the optional iSBC 341 MULTIMODULE 
EPROM expansion board onto the iSBC 88/45 
ADCP board provides four additional 28-pin JEDEC 
sites. This expansion doubles the available program 
storage or extends the RAM capability by 32K bytes. 



iSBXTM IMULTIiMODULETM Expansion 

Two 8-bit iSBX MULTIMODULE connectors are pro- 
vided on the ISBC 88/45 microcomputer. Through 
these connectors, additional iSBX functions extend 
the I/O capability of the microcomputer. The iSBX 
connectors provide the necessary signals to inter- 
face to the local bus. 



In addition to specialized or custom designed iSBX 
boards, the customer has a broad range of Intel 
ISBC MULTIMODULEs available, including parallel 
I/O, analog I/O, iEEE 488 GPIB, floppy disk, mag- 
netic bubbles, video, and serial I/O boards. 

The serial I/O MULTIMODULE boards include the 
ISBX 351 (one ASYNC/SYNC serial channel) the 
ISBX 352 (one HDLC/SDLC serial channel) and the 
ISBX 354 (two SYNC/ASYNC, HDLC/SDLC serial 
channels) boards. Adding two iSBX 352 MULTI- 
MODULE boards to the iSBC 88/45 ADCP provides 
a total of five HDLC/SDLC channels. 



[MULTIBUS® iVIultimaster Capabiiities 

OVERVIEW 

The MULTIBUS system is Intel's industry standard 
microcomputer bus structure. Both 8- and 16-bit sin- 
gle board computers are supported on the MULTI- 
BUS structure with 24 address and 16 datia lines. In 
addition to expanding functions contained on a sin- 
gle board computer (e.g., memory and digital I/O), 
the MULTIBUS structure allows very powerful dis- 
tributed processing configurations with multiple 
processors, intelligent slaves, and peripheral 
boards. 



lUultimaster Capability 

The iSBC 88/45 ADCP board provides full MULTI- 
BUS arbitration control logic. This control 



Table 4. Interrupt Request Sources 



Device 


Function 


No. of 
Interrupts 


MULTIBUS Interface 


Select 1 interrupt from MULTIBUS resident peripherals 
or other CPU boards. 


8 


8273 HDLC/SDLC 
Controller 


Transmit buffer empty and receive buffer full 


2 


8274 HDLC/SDLC 
SYNC/ASYNC Controller 


Software examines register for status of communication 
operation 


1 


8254-Timer 


Counter 2 of both PIT devices 


2 


iSBX Connectors 


Function determined by iSBX MULTIMODULE Board 
(2 interrupts per socket) 


4 


Bus Fail Safe Timer 


Indicates MULTIBUS addressed device has not 
responded to command within 4 msec 


1 


Power Line Clock 


Source of 60 MHz signal from power supply 


1 


Bus Flag Interrupt 


Flag interrupt in byte location 1 0OOH signals board reset 
or data handling request 


2 


iSBC 337A Board 


Numeric Data Processor generated status information 


1 


8237A-5 


Signals end of 8237 DMA operation 


1 
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logic allows up to three iSBC 88/45 ADCP boards or 
other bus masters, Including iSBC 286, iSBC 86 and 
iSBC 86 family boards to share the system bus using 
a serial (daisy chain) priority scheme. By using an 
external parallel priority decoder, the MULTIBUS 
system bus could be shared among sixteen masters. 

The Intel standard MULTIBUS Interprocessor Proto- 
col (MIR) software, implemented as the Intel iMMX 
800 package for iRMX 86 and iRMX 88 Real-Time 
Executives, fully supports multiple 8- and 16-bit dis- 
tributed processor functions. The software manages 
the message passing protocol between microproc- 
essors. 

System Development Capabilities 

The application development cycle for an iSBC 
88/45 ADCP board is reduced and simplified 
through the usage of several Intel tools. The tools 
include the Intellec Series Microcomputer Develop- 
ment System, the ICE-88 In-Circuit Emulator, the 
iSDM 86 debug monitor software, and the iRMX 86 
and iRMX 88 run-time support packages. 

The Intellec Series Microcomputer Development 
System offers a complete development environment 
for the iSBC 88/45 software. In addition to the oper- 
ating system, assembler, utilities and application de- 
bugger features provided with the system, the user 
optionally can utilize higher-level languages like 
PL/M, PASCAL, and FORTRAN. 

The ICE-88 In-Circuit Emulator provides a link be- 
tween the Intellec system and the target iSBC 
88/45-based system for code loading and execu- 
tion. The ICE-88 package assists the developer with 
the debugging and system integrating processes. 

Run-Time Building Blocks 

Intel offers run-time foundation software to support 
applications which range from general purpose to 
high-performance solutions. The iRMX 88 Real-time 
Multitasking Executive provides a multitasking struc- 
ture which includes task scheduling, task manage- 
ment, intertask communications, and interrupt serv- 
icing for high-performance applications. The highly 
configurable modules make the system tailoring job 
easier whether one uses the compact executive or 
the complete executive with its variety of peripheral 
devices supported. 

The iRMX 86 Operating System provides a very rich 
set of features and options to support sophisticated 
applications solutions, in addition to supporting real- 
time requirements, the iRMX 86 Operating System 
has a powerful, but easy-to-use human interface. 
When added to the sophisticated I/O system, the 
iRMX 86 Operating System is readily extended 



to support assembler, PL/M, PASCAL, and FOR- 
TRAN software development environments. The 
modular building block software lends itself well to 
customized application solutions. 

SPECIFICATIONS 
Word Size 

Instruction: 8, 16, 24, or 32 bits 
Data: 8 or 16 bits 



System Clock 

8 MHz: ±0.1% 

NOTE: 

Jumper selectable for 4 MHz operation with ISBC 
337 Numeric Data Processor module or ICE-88 
product. 

Cycle Time 

Basic Instruction Cycle at 8.00 MHz: 1 .25 ju,s, 250 ns 
(assumes instruction in the queue) 

NOTE: 

Basic instruction cycle is defined as the fastest in- 
struction time (i.e., two clock cycles). 

IMemory Cycle Time 

RAM: 500 ns (no wait states) 

EPROM: jumper selectable from 500 ns to 625 ns. 



On-Board RAM"* 



K Bytes 


Hex Address 
Range 


16 (total) 

12 (dual-ported) 


0000"-3FFF 
1000-3FFF 



*Four ISBC 88/45 EPROM sockets support JEDEC 24/28- 
pin standard EPROMs and RAMs (3 sockets); iSBC 341 (4 
sockets) 



Environmental Characteristics 

Temperature: 0**C to + 55°C, free moving air across 
the base board and MULTIMODULE board 

Humidity: 90%, non-condensing 



Physical Characteristics 

Width: 30.48 cm (12.00 in) 
Length: 17.15 cm (6.75 in) 
Height: 1.50 cm (0.59 in) 
Weight: 6.20 gm (22 oz) 
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Memory Capacity/ Addressing 



On-Board EPROM* 



Device 


Total 
KBytes 


Hex Address 
Range 


2716 


8 


FEOOO-FFFFF 


2732A 


16 


FCOOO-FFFFF 


2764 


32 


F8000-FFFFF 


27128 


64 


FOOOO-FFFFF 


With optional 

ISBC® 341 l\/IULTIiyiODULETM EPROI\/l 


Device 


Total 
K Bytes 


Hex Address 
Range 


2716 


16 


FCOOO-FFFFF 


2732A 


32 


F8000-FFFFF 


2764 


64 


FOOOO-FFFFF 


27128 


128 


EOOOO-FFFFF 



*Four iSBC 88/45 EPROM sockets support JEDEC 24/28- 
pin standard EPROMs and RAMs (static and iRAIVI, 3 sock- 
ets); iSBC 341 sockets also support EPROMs and RAMs. 



Timer Input Frequency— 8.00 MHz ±0.1% 



Interfaces 

iSBXTM Bus— All signals TTL compatible 

Serial RS232C Signals— 

CTS CLEAR TO SEND 

DSR DATA SET READY 

DTE TXC TRANSMIT CLOCK 

DTR DATA TERMINAL READY 



FG 


FRAME GROUND 


RTS 


REQUEST TO SEND 


RXC 


RECEIVE CLOCK 


RXD 


RECEIVE DATA 


SG 


SIGNAL GROUND 


TXD 


TRANSMIT DATA 


Serial RS422A/449 Signals-^ 


OS 


CLEAR TO SEND 


DM 


DATA MODE 


RC 


RECEIVE COMMON 


RD 


RECEIVE DATA 


RS 


REQUEST TO SEND 


RT 


RECEIVE TIMING 


SC 


SEND COMMON 


SD 


SEND DATA 


SG 


SIGNAL GROUND 


TR 


TERMINAL READY 


TT 


TERMINAL TIMING 



Eiectricai Cliaracteristics 

DC Power Dissipation— 28.3 Watts 



DC Power Requirements 



Configuration 


Current Requirements 

(All Voltages ±5%) 
+ 5V +12V -12V 


Without EPROMd) 


5.1 A 20 mA 20 mA 


With 8K EPROM 
(Using 2716) 


+ 0.14A — — 


With16K EPROM 
(Using 2732A) 


+ 0.20A — — 


With 32K EPROM 
(Using 2764) 


+ 0.24A — — 


With 64K EPROM 
(Using 27128) 


+ 0.24A — — 



NOTE: 

1. AS SHIPPED— no EPROMs in sockets, no iSBC 341 
module. Configuration includes terminators for two 
RS422A/449 and one RS232C channels. 



Seriai Communication Characteristics 



Channel 


Device 


Supported 
Interface 


Max. Baud 
Rate 


A 


8274(1) 


RS442A/449 
RS232C 
CCITT V.24 


800K SDLC/HDLC 
125K Synchronous 
50K Asynchronous 


B 


8274 


RS232C 
CCITT V.24 


125KSynchronous(2) 
50 K Asynchronous 


C 


8273(3) 


RS442A/449 
RS232C 
CCITT V.24 


64K SDLC/HDLC(3) 
9.6K SELF CLOCKING 



NOTES: 

1. 8274 supports HDLC/SDLC/SYNC/ASYNC multiproto- 
col 

2. Exceed RS232C/CCITT V.24 rating Of 20K baud 

3. 8273 supports HDLC/SDLC 



BAUD RATE EXAMPLES (Hz) 



8254 
Timer Divide 
Count N 


Synchronous 
KBaud 


Asynchronous 
^16 -32 ^64 
KBaud 


10 


800 


50.0 


25.0 


12.5 


26 


300 


19.2 


9.6 


4.8 


31 


256 


16.1 


8.06 


4.03 


52 


154 


9.6 


4.8 


2.4 


104 


76.8 


4.8 


2.4 


1.2 


1-25 


64 


4.0 


2.0 


1.0 


143 


56 


3.5 


1.7 


0.87 


167 


48 


3.0 


1.5 


0.75 


417 


19.2 








833 


9.6 








EQUATION 


8,000,000 


500K 


250K 


125K 


N 


N 


N 




N 
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SERIAL INTERFACE CONNECTORS 



Interface 


Mode(i) 


MULTIMODULETM 
Edge Connector 


Cable 


Connector 


RS232C 
RS232C 
RS449 
RS449 


DTE 
DCE 
DTE ' 
DCE 


26-pln(4), 3M-3462-0001 
26-pln(4), 3M.3462-0001 
40-pin(5), 3M-3464-0001 
40-pln(5). 3M-3464-0001 


3M(2)-3349/26 
3M(2).3349/25 
3M(3)-3349/37 
3M(3)-3349/37 


26-pln(6), 3M-3482-1000 
25-pln(6), 3M-3483-1000 
37-pln(7), 3M-3502-1000 
37-pin(7). 3M-3503-1000 



NOTES: 

1 . DTE— Data Terminal Equipment Mode (male connector); DCE— Data Circuit Equipment mode (female connector) requires 
line swaps. 

2. Cable is tapered at one end to fit the 3M-3462 connector. 

3. Cable is tapered to fit 3M-3464 connector. 

4. Pin 26 of the edge connector is not connected to the flat cable. 

5. Pins 38, 39, and 40 of the edge connector are not connected to the flat cable. 

6. May be used with the cable housing 3M-3485-1000. 

7. Cable housing 3M-3485-4000 may be used wih the connector. 



Line Drivers (Supplied) 



Device 


Characteristic 


Qty 


Installed 


1488 


RS232C 


3 


1 


1489 


RS232C 


3 


1 


3486 


RS422A 


2 


2 


3487 


RS422A 


2 


2 



Reference Manual 

143824— iSBC 88/45 Advanced Data Communica- 
tions Processor Board Hardware Reference Manual 
(not supplied). 

Reference manuals may be ordered from any Intel 
sales representative, distributor office or from Intel 
Literature Department, 3065 Bowers Avenue, Santa 
Clara, CA 95051. 



ORDERING INFORMATION 

Part Number Description 

SBC 88/45 8-bit 8088-based Single Board Com- 
puter with 3 HDLC/SDLC serial 
channels 
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iSBC® 188/56 
ADVANCED COMMUNICATING COMPUTER 

■ 7 On^Board DMA Channels for Serial 
I/O, 2 80188 DMA Channels for the 
iSBXTM MULTIMODULETM Board 

■ MULTIBUS Interface for System 
Expansion and Multimaster 
Configuration 

■ Two iSBX Connectors for Low Cost I/O 
Expansion 

■ 256K Bytes Dual-Ported RAM On-Board 

■ Two 28-pin JEDEC PROM Sites 
Expandable to 6 Sites with the iSBC 
341 MULTIMODULE Board for a 
Maximum of 192K Bytes EPROM 

■ Resident Firmware to Handle up to 12 
RS232C Async Lines 

The iSBC 188/56 Advanced Communicating Computer (COIVIMputerTM) is an intelligent 8-channel single 
board computer. This iSBC board adds the 8 MHz 80188 microprocessor-based communications flexibility to 
the Intel line of OEM microcomputer systems. Acting as a stand-alone CPU or intelligent slave for communica- 
tion expansion, this board provides a high performance, low-cost solution for multi-user systems. The features 
of the iSBC 188/56 board are uniquely suited to manage higher-layer protocol requirements needed in today's 
data communications applications. This single board computer takes full advantage of Intel's VLSI technology 
to provide state-of-the-art, economic, computer based solutions for OEM communications-oriented applica- 
tions. 




280715-1 



*IBM is a registered trademark of International Business Machines 
* UNIX is a trademark of Bell Laboratories 
*XENIX is a trademark of Microsoft Corporation 



■ iSBC® Single Board Computer or 
Intelligent Slave Communication Board 

■ 8 Serial Communications Channels, 
Expandable to 12 Channels on a Single 
MULTIBUS® Board 

■ 8 MHz 80188 Microprocessor 

■ Supports RS232C Interface on 6 
Channels, RS422A/449 or RS232C 
Interface Configurable on 2 Channels 

■ Supports Async, Bisync HDLC/SDLC, 
On-Chip Baud Rate Generation, Half/ 
Full-Duplex, NRZ, NRZI or FM 
Encoding/Decoding 
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OPERATING ENVIRONMENT 

The iSBC 188/56 COMMputerTM features have 
been designed to meet the needs of numerous com- 
munications applications. Typical applications in- 
clude: 

1 . Terminal/cluster controller 

2. Front-end processor 

3. Stand-alone communicating computer 



Terminal/Cluster Controller 

A terminal/cluster controller concentrates communi- 
cations in a central area of a system. Efficient 
handling of messages coming in or going out of the 
system requires sufficient buffer space to store 
messages and high speed I/O channels to transmit 
messages. More sophisticated applications, such as 
cluster controllers, also require character and format 
conversion capabilities to allow different types of ter- 
minals to be attached. 

The iSBC 188/56 Advanced Communicating Com- 
puter is well suited for multi-terminal systems (see 
Figure 1). Up to 12 serial channels can be serviced 
in multi-user or cluster applications by adding two 
iSBX 354 MULTIMODULE boards. The dual-port 
RAM provides a large on-board buffer to handle 
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Figure 1. Terminal/Cluster Controller Application 



incoming and outgoing messages at data rates up to 
1 9.2K baud. Two channels are supported for contin- 
uous data rates greater than 1 9.2K baud. Each serial 
channel can be Individually programmed for different 
baud rates to allow system configurations with differ- 
ing terminal types. The firmware supplied on the 
ISBC 188/56 board supports up to 12 asynchronous 
RS232C serial channels, provides modem control 
and performs power-up diagnostics. The high per- 
formance of the on-board CPU provides intelligence 
to handle protocols and character handling typically 
assigned to the system CPU. The distribution of in- 
telligence results in optimizing system performance 
by releasing the system CPU of routine tasks. 



Front-End Processor 

A front-end processor off-loads a system's central 
processor of tasks such as data manipulation and 
text editing of characters collected from the at- 
tached terminals. A variety of terminals require flex- 
ible terminal interfaces. Program code is often dy- 
namically downloaded to the front-end processor 
from the system CPU. Downloading code requires 
sufficient memory space for protocol handling and 
program code. Flow control and efficient handling of 
Interrupts require an efficient operating system to 
manage the hardware and software resources. 
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The iSBC 1 88/56 board features are designed to 
provide a high performance solution for front-end 
processor applications (see Figure 2). A large 
amount of random access memory is provided for 
dynamic storage of program code. In addition, local 
memory sites are available for storing routine pro- 
grams such as X.25, SNA or bisync protocol soft- 
ware. The serial channels can be configured for links 
to mainframe systems, point-to-point terminals, mo- 
dems or multidrop configurations. 

Stand-Alone COMMputerTM 
Application 

A stand-alone communication computer is a com- 
plete computer system. The CPU is capable of man- 
aging the resources required to meet the needs of 
multi-terminal, multi-protocol applications. These ap- 
plications typically require multi-terminal support, 
floppy disk control, local memory allocation, and 
program execution and storage. 

To support stand-alone applications, the ISBC 
188/56 COMMputer board uses the computational 
capabilities of an on-board CPU to provide a high- 
speed system solution controlling 8 to 12 channels 
of serial I/O (see Figure 3). The local memory avail- 
able is large enough to handle special purpose 
code, execution code and routine protocol software. 



The MULTIBUS interface can be used to access ad- 
ditional system functions. Floppy disk control and 
graphics capability can be added to the iSBC stand- 
alone computer through the iSBX connectors. 



ARCHITECTURE 

The four major functional areas are Serial I/O, CPU, 
Memory and DMA. These areas are illustrated in Fig- 
ure 4. 



Serial I/O 

Eight HDLC/SDLC serial interfaces are provided on 
the ISBC 1 88/56 board. The serial interface can be 
expanded to 12 channels by adding 2 iSBX 354 
MULTIMODULE boards. The HDLC/SDLC interface 
is compatible with IBM* system and terminal equip- 
ment and with CCITT's X.25 packet switching inter- 
face. 

Four 82530 Serial Communications Controllers 
(SCC) provide eight channels of half/full duplex ser- 
ial I/O. Six channels support RS232C interfac- 
es. Two channels are RS232C/422/449 configura- 
ble and can be tri-stated to allow multidrop networks. 
The 82530 component is designed to satisfy several 
serial communications requirements; asynchronous. 
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Figure 2. Front-End Processor Application 
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byte-oriented synchronous (HDLC/SDLC) modes. 
The increased capability at the serial controller point 
results in ofMoading the CPU of tasks formerly as- 
signed to the CPU or its associated hardware. Con- 
figurability of the 82530 allows the user to configure 
it to handle all asynchronous data formats regard- 
less of data size, number of start or stop bits, or 
parity requirements. An on-chip baud rate generator 
allows independent baud rates on each channel. 

The clock can be generated either internally with the 
sec chip, with an external clock or via the NRZ1 
clock encoding mechanism. 

All eight channels can be configured as Data Termi- 
nal Equipment (DTE) or Data Communications 
Equipment (DCE). Table 1 lists th© interfaces sup- 
ported. 



Table 1. iSBC® 188/56 Interface Support 



Connection 


Synchronous 


Asynchronous 


Modem to Direct 


Modem to Direct 


Point-to-Point 

Multidrop 
Loop 


X** 
Channels 
Oand 1 

X 


X 

Channels 
0 and 1 

N/A 



**AII 8 channels are denoted by X. 



Central CPU 

The 80188 central processor component provides 
high performance, flexibility and powerful process- 
ing. The 80188 component is a highly integrated mi- 
croprocessor with an 8-bit data bus interface and a 
1 6-bit internal architecture to give high performance. 
The 80188 is upward compatible with 86 and 186 
software. 

The 80188/82530 combination with on-board 
PROM/EPROM sites, and dual-port RAM provide 
the intelligence and speed to manage multi-user, 
multi-protocol communication operations. 



Memory 

There are two areas of memory on-board: dual-port 
RAM and universal site memory. The iSBC 188/56 
board contains 256K bytes of dual-port RAM that is 
addressable by the 80188 on-board. The dual-port 
memory is configurable anywhere In a 16M byte ad- 
dress space on 64K byte boundaries as addressed 
from the MULTIBUS port. Not all of the 256K bytes 
are visible from the MULTIBUS bus side. The 
amount of dual-port memory visible to the 




ROUTINE 

80188 PROGRAMS 
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Figure 3. Stand-Alone COMMputerTM Application 
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MULTIBUS side can be set (with jumpers) to none, 
16K bytes, or 48K bytes. In a multiprocessor system 
these features provide local memory for each proc- 
essor and shared system memory configurations 
where the total system memory size can exceed one 
megabyte without addressing conflicts. 

The second area of memory is universal site memo- 
ry providing flexible memory expansion. Two 28-pin 
JEDEC sockets are provided. One of these sockets 
is used for the resident firmware as described in the 
FIRMWARE section. 

The default configuration of the boards supports 
16K byte EPROM devices such as the Intel 27128 
component. However, these sockets can contain 
ROM, EPROM. Static RAM, or EEPROM. Both sock- 
ets must contain the same type of component (i.e. 
as the first socket contains an EPROM for the resi- 
dent firmware, the second must also contain an 
EPROM with the same pinout). Up to 32K bytes can 
be addressed per socket giving a maximum univer- 
sal site memory size of 64K bytes. By using the ISBC 
341 MULTIMODULE board, a maximum of 192K 
bytes of universal site memory is available. This pro- 
vides sufficient memory space for on-board network 
or resource management software. 



On-Board DMA 

Seven channels of Direct Memory Access (DMA) 
are provided between serial I/O and on-board dual 
port RAM by two 8237-5 components. Each of chan- 
nels 0, 1 , 2, 3, 5, 6, and 7 is supported by their own 
DMA line. Serial channels 0 and 1 are configurable 
for full duplex DMA. Configuring the full duplex DMA 
option for Channels 0 and 1 would require Channels 
2 and 3 to be interrupt driven or polled. Channel 4 is 
interrupt driven or polled only. 

Two DMA channels are integrated in the 80188 
processor. These additional channels can be con- 
nected to the iSBX interfaces to provide DMA capa- 
bility to iSBX MULTIMODULE boards such as the 
iSBX 21 8A Floppy Disk Controller MULTIMODULE 
board. 



OPERATING SYSTEM SUPPORT 

Intel offers run-time foundation software to support 
applications that range from general purpose to 
high-performance solutions. 
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Figure 4. Block Diagram of iSBC® 188/56 Board 
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Release 6 of the iRMX 86 Operating System pro- 
vides a rich set of features and options to support 
sophisticated stand-alone communications applica- 
tions on the iSBC 188/56 Advanced Communicating 
Computer. In addition to supporting real-time re- 
quirements, the iRMX 86 Operating System Release 
6 has a powerful, yet easy to use human interface. 
Services provided by the iRMX 86 Operating System 
include facilities for executing programs concurrent- 
ly, sharing resources and information, servicing 
asynchronous events and interactively controlling 
system resources and utilities. The iRMX 86 Operat- 
ing System is readily extended to support assem- 
bler, PL/M, PASCAL, and FORTRAN software de- 
velopment environments. The modular building 
block software lends itself well to customized appli- 
cation solutions. If the iSBC 188/56 board is acting 
as an Intelligent slave in a system environment, an 
iRMX 86 driver resident in the host CPU can be writ- 
ten by following the examples in the manual "Guide 
to Writing Device Driven for iRMX 86 and iRMX 88 
I/O Systems". 

The iSDMTM 86 System Debug Monitor supports tar- 
get system debugging for the iSBC 188/56 Ad- 



vanced Communicating COMMputer board. The 
monitor contains the necessary hardware, software 
and documentation required to interface the ISBC 
188/56 target system to an Intel microcomputer de- 
velopment system for debugging application soft- 
ware. 

The XENIX* 286 Operating System, Release 3, is a 
fully licensed adaptation of the Bell Laboratories 
System III UNIX* Operating System. The XENIX sys- 
tem is an interactive, protected, multi-user, multi- 
tasking operating system with a powerful, flexible 
human interface. Release 3 of XENIX 286 includes a 
software driver for the iSBC 1 88/56 board (and up to 
two iSBX 354 MULTIMODULE Boards) acting as an 
intelligent slave for multi-user applications requiring 
multiple persons running independent, terminal-ori- 
ented jobs. Example applications include distributed 
data processing, business data processing, software 
development and engineering or scientific data anal- 
ysis. XENIX 286 Release 3 Operating System serv- 
ices include device independent I/O, tree-structured 
file directory and task hierarchies, re-entrant/shared 
code and system accounting and security access 
protection. 



Table 2. Features of the iSBC® 188/56 Firmware 



Feature 


Description 


Asynchronous Serial 
Channel Support 


Supports the serial channels in asynchronous ASCN mode. 
Parameters such as baud rate, parity generation, parity 
checking and character length can be programmed 
independently for each channel. 


Block Data Transfer 
(On Output) 


Relieves the host CPU of character-at-a-time interrupt 
processing. The ISBC 188/56 board accepts blocks of data for 
transmission and interrupts the processor only when the entire 
block is transmitted. 


Limited Modem Control 


Provides software control of the Data Terminal Ready (DTR) 
line on all channels. Transitions on the Carrier Detect (CD) line 
are sensed and reported to the host CPU. 


Tandem Modem Support 


Transmits an XOFF character when the number of characters 
in its receive buffer exceeds a threshold value and transmits an 
XON character when the buffer drains below some other 
threshold. 


Download and 
Execute Capability 


Provides a capability for the host CPU to load code anywhere in 
the address space of the ISBC 188/56 board and to start 
executing at any address in its address space. 


Power Up 
Confidence Tests 


On board reset, the firmware executes a series of simple tests 
to establish that crucial components on the board are 
functional. 
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FIRMWARE 

The iSBC 188/56 Communicating COIVIMputer 
board is supplied with resident firmware that sup- 
ports up to 12 RS232C asynchronous serial chan- 
nels. In addition, the firmware provides a facility for a 
host CPU to download and execute code on the 
iSBC 188/56 board. Simple power-up confidence 
tests are also included to provide a quick diagnostic 
service. The firmware converts the ISBC 188/56 
COMMputer board to a slave communications con- 
troller. As a slave communications controller, it re- 
quires a separate MULTIBUS host CPU board and 
requires the use of MULTIBUS interrupt line to signal 
the host processor. Table 2 summarizes the fea- 
tures of the firmware. 



INTERRUPT CAPABILITY 

The ISBC 1,88/56 board has two programmable in- 
terrupt controllers (PICs). One is integrated into the 



Table 3. Interrupt Request Sources 



Device 


Function 


Number of 
Interrupts 


MULTIBUS Interface 
INT0-INT7 


Requests from MULTIBUS resident peripherals or other 
CPU boards. 


8 


82530 Serial Controllers 


Transmit buffer empty, receive buffer full and channel 
errors 1 and external status. 


8 per 82530 
Total = 32 


Internal 80188 
Timer and DMA 


Timer 0, 1 , 2 outputs and 2 DMA channel interrupts. 


5 


80130 Timer Outputs 


Timer 0, 1 , 2 outputs of 801 30. 


3 


Interrupt from Flag 
Byte Logic 


Flag byte interrupt set by MULTIBUS master (through 
MULTIBUS® I/O Write). 


1 


Bus Flag Interrupt 


Interrupt to MULTIBUS® (Selectable for INTO to INT7) 
generated from on-board 80188 I/O Write. 


1 


iSBX Connectors 
iSBX DMA 


Function determined by iSBX MULTIMODULE board. 
DMA interrupt from iSBX (TDMA). 


4 (Two per 
Connector) 
2 


Bus Fail-Safe Timeout 
Interrupt. 


Indicates iSBC 1 88/48 board timed out either waiting for 
MULTIBUS access or timed out from no acknowledge 
while on MULTIBUS System Bus. 




Latched Interrupt 


Converts pulsed event to a level interrupt. Example: 
8237A-5 EOP. 




OR-Gate Matrix 


Concentrates up to 4 interrupts to 1 interrupt (selectable 
by stake pins). 




Ring Indicator 
Interrupt 


Latches a ring indicator event from serial channels 4, 5, 
6. or 7. 




NOR-Gate 
Matrix 


Inverts up to 2 interrupts into 1 (selectable by stake 
pins). 





80188 processor and the other in the 80130 compo- 
nent. The two controllers are configured with the 
80130 controller as the master and the 80188 con- 
troller as the slave. Two of the 80130 interrupt inputs 
are connected to the 82530 serial controller compo- 
nents to provide vector interrupt capabilities by the 
serial controllers. The iSBC 188/56 board provides 
22 interrupt levels. The highest level is the NMI 
(Non-Maskable Interrupt) line which is directly tied to 
the 80188 CPU. This interrupt is typically used for 
signaling catastrophic events (e.g. power failure). 
There are 5 levels of interrupts internal to the 80188 
processor. Another 8 levels of interrupts are avail- 
able from the 80130 component. Of these 8, one is 
tied to the programmable interrupt controller (PIC) of 
the 80188 CPU. An additional 8 levels of interrupts 
are available at the MULTIBUS interface. The iSBC 
1 88/56 board does not support bus vectored inter- 
rupts. Table 3 lists the possible interrupt sources. 
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SUPPORT FOR THE 80130 
COMPONENT 

Intel does not support the direct processor execu- 
tion of the IRMX nucleus primitives from the 80130 
component. The 80130 component provides timers 
and interrupt controllers. 



EXPANSION 



EPROM Expansion 

Memory may be expanded by adding Intel compati- 
ble memory expansion boards. The universal site 
memory can be expanded to six sockets by adding 
the iSBC 341 MULTIMODULE board for a maximum 
total of 1 92K bytes of universal site memory. 



iSBXTM MULTIMODULETM Expansion 
iModuie 

Two 8-bit iSBX MULTIMODULE connectors are pro- 
vided on the iSBC 188/56 board. Using ISBX mod- 
ules additional functions can be added to extend the 
I/O capability of the board. In addition to specialized 
or custom designed ISBX boards, there Is a broad 
range of ISBX MULTIMODULE boards from the Intel 
including parallel I/O, analog I/O, IEEE 488 GPIB, 
floppy disk, magnetic bubbles, video and serial I/O 
boards. 

The serial I/O MULTIMODULE boards available in- 
clude the ISBX 364 Dual Channel Expansion MULTI- 
MODULE board. Each ISBX 354 MULTIMODULE 
board adds two channels of serial I/O to the ISBC 
188/56 board for a maximum of twelve serial chan- 
nels. The 82530 serial communications controller on 
the MULTIMODULE board handles a large variety of 
serial communications protocols. This is the same 
serial controller as is used on the ISBC 188/56 
board to offer directly compatible expansion capabil- 
ity for the iSBC 188/56 COMMputer board. 



iVIULTiBUS® INTERFACE 

The ISBC 188/56 Advanced COMMputer board can 
be a MULTIBUS master or intelligent slave in a mul- 
timaster system. The iSBC 188/56 board incorpo- 
rates a flag byte signalling mechanism for use in 
multiprocessor environments where the ISBC 
188/56 board is acting as an Intelligent slave. The 
mechanism provides an interrupt handshake from 
the MULTIBUS System Bus to the on-board-proces- 
sor and vice-versa. 



The Muitimaster capabilities of the iSBC 188/56 
board offers easy expansion of processing capacity 
and the benefits of multiprocessing. Memory and 
I/O capacity may be expanded and additional func- 
tions added using Intel MULTIBUS compatible ex- 
pansion boards. 



SPECIFICATIONS 



Word Size 

Instruction— 8, 16, 24 or 32 bits 
Data Path— 8 bits 

Processor Clock 82530 Clock DMA Clock 

8 MHz 4.9152 MHz 4 MHz 



Dual Port RAIUI 

ISBC 188/56 Board— 256 bytes 

As viewed from the 80188— 64K bytes 

As viewed from the MULTIBUS System Bus- 
Choice: 0, 16K or 48K 



EPROM 



iSBC® 188/56 
Board Using: 


Size 


On Board 
Capacity 


Address Range 


2732 


4K 


8K bytes 


FEOOO-FFFFFh 


2764 


8K 


16K bytes 


FCOOO-FFFFFh 


27128 


16K 


32K bytes 


F8000-FFFFFH 


27256 


32K 


64K bytes 


FOOOO-FFFFFh 


27512 


64K 


128K bytes 


EOOOO-FFFFFh 



Memory Expansion 



EPROM with 
ISBC® 341 
Board Using: 


Capacity 


Address Range 


2732 
2764 
27128 
27256 


24K bytes 
48K bytes 
96K bytes 
192K bytes 


F8000-FFFFFh 
FOOOO-FFFFFh 
EOOOO-FFFFFh 
COOOO-FFFFFh 



I/O Capacity 

Serial — 8 programmable lines using four 82530 com- 
ponents 

iSBX MULTIMODULE— 2 iSBX single-wide boards 
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Serial Communications Characteristics 

Synchronous^! nternal or external character syn- 
chronization on one or two synchronous characters 

Asynchronous--5-8 bits and 1, IVi, or 2 stop bits 
per character; programmable clock factor; break de- 
tection and generation; parity, overrun, and framing 
error detection. 



Baud Rates 



Synchronous 
XI Clock 


Baud Rate 


82530 Count Value 
(Decimal) 


64000 
48000 
19200 
9600 
4800 
2400 
1800 
1200 
300 


36 

49 

126 

254 

510 

1022 

1363 

2046 

8190 


Asynchronous 
X16 Clock 


Baud Rate 


82530 Count Value 
(Decimal) 


19200 

9600 

4800 

2400 

1800 

1200 

300 

110 


6 

14 

30 

62 

83 
126 
510 
1394 



interfaces 



iSBXTM BUS 

The iSBC 188/56 board meets iSBX compliance lev- 
el D8/8 DMA 



MULTIBUS® SYSTEM BUS 

The iSBC 188/56 board meets MULTIBUS compli- 
ance level Master/Slave D8 M24 116 VO EL. 



SERIAL RS232C SIGNALS 

CD Carrier 

GTS Clear to Send 

DSR Data Set Ready 

DTE TXC Transmit Clock 

DTP Data Terminal Ready 

RTS Request to Send 

RXC Receive Clock 

RXD Receive Data 

SG Signal Ground 

TXD Transmit Data 

Rl Ring Indicator 

RS422A/449 SIGNALS 

RC Receive Common 

RD Receive Data 

RT Receive Timing 

SD Send Data 

TT Terminal Timing 



Environnnentai Cliaracteristics 

Temperature: 0 to 55''C at 200 Linear Feet/Min. 
(LFM) Air Velocity 

Humidity: to 90%, non-condensing (25''C to 
70*'C) 



Physicai Characteristics 

Width: 30.48 cm (12.00 in) 
Length: 17.15 cm (6.75 in) 
Height: 1.04 cm (0.41 in) 
Weight: 595 gm (21 oz) 

Electricai Characteristics 

The power required per voltage for the iSBC 188/56 
board is shown below. These numbers do not in- 
clude the current required by universal memory sites 
or expansion modules. 



Voltage 


Current 


Power 


(Volts) 


(Amps) typ. 


(Watts) typ. 


+ 5 


4.56A 


22.8W 


+ 12 


0.1 2A 


1.5W 


-12 


0.11A 


1.3W 



Reference iUlanuai 

iSBC 1 88/56 Advanced Data Communications Com- 
puter Reference Manual Order Number 148209-001. 

ORDERiNG INFORiUIATION 

Part Number Description 

iSBC 1 88/56 8-S^rial Channel Advanced Commu- 
nicating Computer 
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iSBC® 534 

FOUR CHANNEL COMMUNICATION EXPANSION BOARD 



Serial I/O Expansion Through Four 
Programmable Synchronous and 
Asynchronous Communications 
Channels 

Individual Software Programmable 
Baud Rate Generation for Each Serial 
I/O Channel 

Two Independent Progammable 16-Bit 
Interval Timers 

Sixteen l\/laskable Interrupt Request 
Lines with Priority Encoded and 
Programmable Interrupt Algorithms 



Jumper Selectable Interface Register 
Addresses 

16-Bit Parallel I/O Interface Compatible 
with Bell 801 Automatic Calling Unit 

RS232C/CCITT V.24 Interfaces Plus 20 
mA Optically Isolated Current Loop 
Interfaces (Sockets) 

Programmable Digital Loopback for 
Diagnostics 

Interface Control for Auto Answer and 
Auto Originate l\/lodems 



The iSBC 534 Four Channel Communication Expansion Board is a member of Intel's complete line of memory 
and I/O expansion boards. The iSBC 534 interfaces directly to any single board computer via the MULTIBUS 
to provide expansion of system serial communications capability. Four fully programmable synchronous and 
asynchronous serial channels with RS232C buffering and provision for 20 mA optically isolated current loop 
buffering are provided. Baud rates, data formats, and interrupt priorities for each channel are individually 
software selectable. In addition to the extensive complement of EIA Standard RS232C signals provided, the 
ISBC 534 provides 16 lines of RS232C buffered programmable parallel I/O. This interface is configured to be 
directly compatible with the Bell Model 801 automatic calling unit. These capabilities provide a flexible and 
easy means for interfacing Intel iSBC based systems to RS232C and optically isolated current loop compatible 
terminals, cassettes, asynchronous and synchronous modems, and distributed processing networks. 



280238-1 
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ISBC® 534 COMMUNICATION BOARD 



FUNCTIONAL DESCRIPTION 



Communications Interface 

Four programmable communications interfaces us- 
ing Intel's 8251 A Universal Synchronous/ Asynchro- 
nous Receiver/Transmitter (USART) are contained 
on the board.* Each USART can be programmed by 
the system software to individually select the desired 
asynchronous or synchronous serial data transmis- 
sion technique (including IBM Bisync). The mode of 
operation (i.e., synchronous or asynchronous), data 
format, control character format, parity, and baud 
rate are all under program control. Each 8251 A pro- 
vides full duplex, double buffered transmit and re- 
ceive capability. Parity, overrun, and framing error 
detection are all incorporated in each USART. Each 
set of RS232C command lines, serial data lines, and 
signal ground lines are brought out to 26-pin edge 
connectors that mate with RS232C flat or round ca- 
bles. 



16-Bit Interval Timers 

The iSBC 534 provides six fully programmable and 
independent BCD and binary 16-bit interval timers 
utilizing two Intel 8253 programmable interval 
timers.* Four timers are available to the systems de- 
signer to generate baud rates for the USARTs under 
software control. Routing for the outputs from the 
other two counters is jumper selectable. Each may 
be independently routed to the programmable inter- 
rupt controller to provide real time clocking or to the 
USARTs (for applications requiring different transmit 
and receive baud rates). In utilizing the iSBC 534, 
the systems designer simply configures, via soft- 
ware, each timer independently to meet system re- 
quirements. Whenever a given baud rate or time de- 
lay is needed, software commands to the program- 
mable timers select the desired function. Three 
functions of these timers are supported on the iSBC 
534, as shown in Table 1. The contents of eadh 
counter may be read SlX any time during system oper- 
ation. 



Table 1. Programmable Timer Funbtions 



Function 


Operation 


Interrupt on 
terminal count 


When terminal count is 
reached an interrupt request is 
generated. This function is 

time clocks. 


Rate generator 


Divide by N counter. The output 
will go low for one input clock 
cycle and high for N~1 input 
clock periods. 


Square wave 
rate generator 


Output will remain high for one- 
half the count and low for the 
other half of the count. 



Interrupt Request Lines 

Two independent Intel 8259A programmable inter- 
rupt controllers (PIC's) provide vectoring for 16 inter- 
rupt levels.* As shown in Table 2, a selection of 
three priority processing algorithms is available to 
the system designer. The manner in which requests 
are serviced may thus be configured to match sys- 
tem requirements. Priority assignments may be re- 
configured dynamically via software at any time dur- 
ing system operation. Any combination of interrupt 
levels may be masked through storage, via software, 
of a single byte to the interrupt mask register of each 
PIC. Each PIC'S interrupt request output line may be 
jumper selected to drive any of the nine interrupt 
lines on the MULTIBUS. 



Table 2. Interrjupt Priority Options 


Algorithm 


Operation 


Fully 
nested 


. Interrupt request line priorities 
fixed at 0 as highest, 7 as 
lowest. 


, Auto- 
rotating 


Equal priority. Each level, after 
receiving service, becomes the 
lowest priority level until next 
interrupt occurs. 


Specific 
priority 


System software assigns 
lowest priority level. Priority of 
all other levels based in 
sequence numerically on this 
assignment. 
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PROGRAMMABLE 
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I LOOPBACK I 
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PROGRAMMABLE 
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I LOOPBACK I 
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INTERFACE 
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I LOOPBACK I 



I 
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SERIAL RS232C 



PROGRAMMABLE 
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Interrupt Request Generation— As shown in Table 
3, interrupt requests may originate from 1 6 sources. 
Two jumper selectable interrupt requests (8 total) 
can be automatically generated by each USART 
when a character is ready to be transferred to the 
MULTIBUS system bus (i.e., receive buffer is full) or 
a character has been transmitted (transmit buffer is 
empty). Jumper selectable requests can be generat- 
ed by two of the programmable timers (PITs), and six 
lines are routed directly from peripherals to accept 
carrier detect (4 lines), ring indicator, and the Bell 
801 present next digit request lines. 



Systems Compatibility 

The iSBC 534 provides 16 RS232C buffered parallel 
I/O lines implemented utilizing an Intel 8255A pro- 
grammable peripheral interface (PPI) configured to 
operate in mode 0.* These lines are configured to 
be directly compatible with the Bell 801 automatic 
calling unit (ACU). This capability allows the 
iSBC 634 to interface to Bell 801 type ACUs and up 
to four modems or other serial communications de- 
vices. For systems not requiring interface to an ACU, 
the parallel I/O lines may also be used as general 
purpose RS232C compatible control lines in system 
implementation. 

♦NOTE: 

Complete operational details on the Intel 8251 A 
USART, the Intel 8253 Programmable Interval Tim- 
er, the Intel 8255 A Programmable Peripheral Inter- 
face, and the Intel 8259A Programmable Interrupt 
Controller are contained in the Intel Component 
Data Catalog. 



Table 3. Interrupt Assignments 



Interrupt 






Request 


PICO 


PIC1 


Line 






0 


PORTORxRDY 


PIT 1 counter 1 


1 


PORTOTx RDY 


PIT 2 counter 2 


2 


PORT 1 Rx RDY 


Ring Indicator (all ports) 


3 


PORT 1 Tx RDY 


Present next digit 


4 


PORT 2 Rx RDY 


Carrier detect port 0 


6 


PORT 2 Tx RDY 


Carrier detect port 1 


6 


P0RT3Rx RDY 


Carrier detect port 2 


7 


PORT 3 Tx RDY 


Carrier detect port 3 



SPECIFICATIONS 



Serial Communications Characteristics 

Synchronous— 5-8 bit characters; internal or exter- 
nal character synchronization; auto- 
matic sync insertion. 



Asynchronous— 5-8 bit characters; break character 
generation; 1, IVa, or 2 stop bits; 
false start bit detection. 



Sample Baud Rdtes(i) 



Frequency(2) 
(kHz, Software 
Selectable) 


Baud Rate (Hz) 


Synchronous 


Asynchronous 






16 


64 


153.6 




9600 


2400 


76.8 




4800 


1200 


38.4 


38400 


2400 


600 


19.2 


19200 


1200 


300 


^ 9.6 


9600 


600 


150 


4.8 


4800 


300 


75 


6.98 


6980 




110 



NOTES: 

1 . Baud rates shown here are only a sample subset of pos- 
sible software programmable rates available. Any frequen- 
cy from 18.75 Hz to 614.4 kHz may be generated utilizing 
on-board crystal oscillator and 16-bit programmable inter- 
val timer (used here as frequency divider). 

2. Frequency selected by I/O writes of appropriate 16-bit 
frequency factor to Baud Rate Register. 



Interval Timer and Baud Rate 
Generator Frequencies 



Input Frequency (On-Board Crystal Oscillator)—- 
1.2288 MHz ± 0.1% (0.813 jlls period, nominal) 



Function 


Single Timer 


Duai/Timer 

Counter 
(Two Timers 
Cascaded) 


l\Ain 


Max 


IViin 


Max 


Real-Time 

Interrupt 

interval 


1 .63 jutS 


53.3 ms 


3.26 jmS 


58.25 
minutes 


Rate 

Generator 
(Frequency) 


18.75 Hz 


614.4 kHz 


0.0029 Hz 


307.2 kHz 
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Interfaces— RS232C interfaces 

EIA Standard RS232C Signals provided and sup- 
ported: 

Carrier detect Receive data 

Clear to send Ring indicator 

Data set ready Secondary receive data 

Data terminal ready Secondary transmit data 

Request to send Transmit clock 

Receive clock Transmit data 

Parallel I/O — 8 input lines, 8 output lines, all signals 
RS232C compatible 

Bus— All signals MULTIBUS system bus compatible 



I/O Addressing 

The USART, interval timer, interrupt controller, and 
parallel interface registers of the iSBC 534 are con- 
figured as a block of 16 I/O address locations. The 
location of this block is jumper selectable to begin at 
any 16-byte I/O address boundary (i.e., OOH, 10H, 
20H, etc.). 



I/O Access Time 

400 ns USART registers 

400 ns Parallel I/O registers 

400 ns interval timer registers 

400 ns Interrupt controller registers 



Physical Characteristics 

Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 14 oz. (398 gm) 



Electrical Characteristics 
Average DC Current 



Voltage 


Without 
Opto-lsolators 


With 
Opto-lsoiators(i) 


Vcc= +5V 
Vdo= +12V 
Vaa= -12V 


1 .9 A, max 
275 mA, max 
250 mA, max 


1 .9 A, max 
420 mA, max 
400 mA, max 



NOTE: 

1 . With four 4N33 and four 4N37 opto-isolator packages 
installed in sockets provided to implement four 20 mA cur- 
rent loop inteHaces. 



Environmental Characteristics 

Operating Temperature: 0°C to +55*'C 

Reference lUlanual 

502140-002— iSBC 534 Hardware Reference Manu- 
al (NOT SUPPLIED) 



Compatible Connectors 



interface 


Pins 
(qty.) 


Centers 
(in.) 


i\/iating Connectors 


Bus 


86 


0.156 


Viking 2KH43/9AMK12 


Serial and 
parallel I/O 


26 


0.1 


3m 3462-0001 or 
Tl H312113 



Reference manuals are shipped with each product 
only if designated SUPPLIED (see above). Manuals 
may be ordered from any Intel sales representative, 
distributor office or from Intel Literature Department, 
3065 Bowers Avenue, Santa Clara, California 95051 . 



ORDERING INFORMATION 



Compatible Opto-lsolators 



Function 


Supplier 


Part Number 


Driver 


Fairchild 
General Electric 
l\^onsanto 


4N33 


Receiver 


Fairchild 
General Electric 
Monsanto 


4N37 



Part Number Description 

SBC 534 Four Channel Communication Ex- 
pansion Board 
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iSBC® 544 

INTELLIGENT COMMUNICATIONS CONTROLLER 



■ iSBC® Communications Controller 
Acting as a Single Board 
Communications Computer or an 
Intelligent Slave for Communications 
Expansion 

■ On-Board Dedicated 8085A 
Microprocessor Providing 
Communications Control and Buffer 
Management for Four Programmable 
Synchronous/ Asynchronous Channels 

■ Sockets for Up To 8K Bytes of EPROM 

■ 16K Bytes of Dual Port Dynamic Read/ 
Write Memory with On-Board Refresh 

■ Extended MULTIBUS® Addressing 
Permits ISBC 544 Board Partitioning 
into 16K-Byte Segments in a 

1 -Megabyte Address Space 

The iSBC 544 Intelligent Communications Controller is a member of Intel's family of single-board computers, 
memory, I/O, and peripheral controller boards. The iSBC 544 board is a complete communications controller 
on a single 6.75 x 12.00 inch printed circuit card. The on-board 8085A CPU may perform local communications 
processing by directly interfacing with on-board read/write memory, nonvolatile read only memory, four syn- 
chronous/asynchronous serial I/O ports, RS232/RS366 compatible parallel I/O, programmable timers, and 
programmable interrupts. 



Ten Programmable Parallel I/O Lines 
Compatible with Bell 801 Automatic 
Calling Unit 

Twelve Levels of Programmable 
Interrupt Control 

Individual Software Programmable 
Baud Rate Generation for Each Serial 
I/O Channel 

Three Independent Programmable 
Interval Timer/Counters 

Interface Control for Auto Answer and 
Auto Originate Modem 




280239-1 
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ISBC® 544 COMMUNICATIONS CONTROLLER 



FUNCTIONAL DESCRIPTION 



Intelligent Communications Controller 

Two Mode Operation — The iSBC 544 board is 
capable of operating in one of two modes: 1) as a 
single board communications computer with all com- 
puter and communications interface hardware on a 
single board; 2) as an "intelligent bus slave" that 
can perform communications related tasks as a pe- 
ripheral processor to one or more bus masters. The 
iSBC 544 may be configured to operate as a stand- 
alone single board communications computer with 
all MPU, memory and I/O elements on a single 
board. In this mode of operation, the iSBC 544 may 
also interface with expansion memory and I/O 
boards (but no additional bus masters). The iSBC 
544 performs as an intelligent slave to the bus mas- 
ter by performing all communications related tasks. 
Complete synchronous and asynchronous I/O and 
data management are controlled by the on-board 



8085A CPU to coordinate up to four serial channels. 
Using the ISBC 544 as an Intelligent slave, multi- 
channel serial transfers can be managed entirely on- 
board, freeing the bus master to perform other sys- 
tem functions. 

Architecture — The iSBC 544 board is functionally 
partitioned into three major sections: I/O, central 
computer, and shared dual port RAM memory (Fig- 
ure 1). The I/O hardware is centered around the four 
Intel 8251 A USART devices providing fully program- 
mable serial interfacing. Included here as well is a 
10-bit parallel interface compatible with the Bell 801 
automatic calling unit, or equivalent. The I/O is un- 
der full control of the on-board CPU and is protected 
from access by system bus masters. The second 
major segment of the intelligent communications 
controller is a central computer, with an 8085A CPU 
providing powerful processing capability. The 8085A 
together with on-board EPROM/ROM, static RAM, 
programmable timers/counters, and programmable 



r 



SERIAL I/O 


SERIAL I/O 

J) 
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INTERFACE 




INTERFACE 
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Figure 1. iSBC® 544 Intelligent Communications Controller Blocic Diagram 
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interrupt control provide the intelligence to manage 
sophisticated communications operations on-board 
the iSBC 544 board. The timer/counters and inter- 
rupt control are also common to the I/O area provid- 
ing programmable baud rates to the USARTs and 
prioritizing interrupts generated from the USARTs. 
The central computer functions are protected for ac- 
cess only by the on-board 8085A. Likewise, the on- 
board 8085A may not gain access to the system bus 
when being used as an intelligent slave. When the 
iSBC 544 is used as a bus master, the on-board 
8085A QPU controls complete system operation ac- 
cessing on-board functions as well as memory and 
I/O expansion. The third major segment, dual port 
RAM memory, is the key link between the iSBC 544 
intelligent slave and bus masters managing the sys- 
tem functions. The dual port concept allows a com- 
mon block of dynamic memory to be accessed by 
the on-board 8085A CPU and off-board bus mas- 
ters. The system program can, therefore, utilize the 
shared dual port RAM to pass command and status 
information between the bus masters and on-board 
CPU. In addition, the dual port concept permits 
blocks of data transmitted or received to accumulate 
in the on-board shared RAM, minimizing the need 
for a dedicated memory board. 



Serial I/O 

Four programmable communications interfaces us- 
ing Intel's 8251 A Universal Synchronous/ Asynchro- 
nous Receiver/Transmitter (USART) are contained 
on the board and controlled by the on-board CPU in 
combination with the on-board interval timer/coun- 
ter to provide all common communication frequen- 
cies. Each USART can be programmed by the sys- 
tem software to individually select the desired asyn- 
chronous or synchronous serial data transmission 
technique (including IBM Bisync). The mode of oper- 
ation (i.e., synchronous or asynchronous), data for- 
mat, control character format, parity, and baud rate 
are all under program control. Each 8251 A provides 
full duplex, double-buffered, transmit and receive ca- 
pability. Parity, overrun, and framing error detection 
are all incorporated in each USART. Each channel is 
fully buffered to provide a direct interface to RS232C 
compatible terminals, peripherals, or synchronous/ 
asynchronous modems. Each channel of RS232C 
command lines, serial data lines, and signal ground 
lines are brought out to 26-pin edge connectors that 
mate with RS232C flat or round cable. 



Parallel I/O Port 

The iSBC 544 provides a 10-bit parallel I/O interface 
controlled by an Intel 8155 Programmable Interface 
(PPI) chip. The parallel I/O port is directly compati- 
ble with an Automatic Calling Unit (ACU) such as the 



Bell Model 801 , or equivalent, and can also be used 
for auxiliary functions. All signals are RS232C com- 
patible, and the interface cable signed assignments 
meet RS366 specifications. For systems not requir- 
ing an ACU interface, the parallel I/O port can be 
used for any general purpose interface requiring 
RS232C compatibility. 



Central Processing Unit 

Intel's powerful 8-blt n-channel 8085A CPU, fabricat- 
ed on a single LSI chip, is the central processor for 
the iSBC 544. The 8085A CPU is directly software 
compatible with the Intel 8080A CPU. The 8085A 
contains six 8-bit general purpose registers and an 
accumulator. The six general purpose registers may 
be addressed individually or in pairs, providing both 
single and double precision operators. The minimum 
instruction execution time is 1 .45 microseconds. The 
8085A CPU has a 1 6-bit program counter. An exter- 
nal stack, located within any portion of ISBC 544 
read/write memory, may be used as a last-in/first- 
out storage area for the contents of the program 
counter, flags, accumulator, and all of the six gener- 
al purpose registers. A 1 6-bit stack pointer controls 
the addressing of this external stack. This stack pro- 
vides subroutine nesting bounded only by memory 
size. 



EPROIVI/ROM Capacity 

Sockets for up to 8K bytes of nonvolatile read only 
memory are provided on the iSBC 544 board. Read 
only memory may be added in 2K byte increments 
up to a maximum of 4K bytes using Intel 2716 
EPROMs or masked ROMs; or in 4K byte incre- 
ments up to 8K bytes maximum using Intel 2732 
EPROMs. All on-board EPROM/ROM operations 
are performed at maximum processor speed. 



RAIUI Capacity 

The iSBC 544 contains 1 6K bytes of dynamic read/ 
write memory using Intel 2117 RAMs. Power for the 
on-board RAM may be provided on an auxiliary pow- 
er bus, and memory protect logic is included for 
RAM battery backup requirements. The iSBC 544 
contains a dual port controller, which provides dual 
port capability for the on-board RAM memory. RAM 
accesses may occur from either the on-board 8085A 
CPU or from another bus master, when used as an 
intelligent slave. Since on-board RAM accesses do 
not require the MULTIBUS, the bus is available for 
concurrent bus master use. Dynamic RAM refresh is 
accomplished automatically by the iSBC 544 for ac- 
cesses originating from either the CPU or from the 
MULTIBUS. 
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Addressing — On board RAM, as seen by the on- 
board 8085A CPU, resides at address BOOOh- 
BFFFh- On-board RAM, as seen by an off-board 
CPU, may be placed on any 4K byte address bound- 
ary. The iSBC 544 provides extended addressing 
jumpers to allow the on-board RAM to reside within 
a one megabyte address space when accessed via 
the MULTIBUS. In addition, jumper options are pro- 
vided which allow the user to protect 8K or 12K 
bytes on-board RAM for use by the on-board 8085 
CPU only. This reserved RAM space is not accessi- 
ble via the MULTIBUS and does not occupy any sys- 
tem address space. 

Static RAM — The iSBC 544 board also has 256 
bytes of static RAM located on the Intel 8155 PPI. 
This memory is only accessible to the on-board 
8085A CPU and is located at address 7F00h- 
7FFFh. 



Programmable Timers 

The ISBC 544 board provides seven fully program- 
mable and independent interval timer/counters uti- 
lizing two Intel 8253 Programmable Interval Timers 
(PIT), and the Intel 8155. The two Intel 8253 PITs 
provide six independent BCD or binary 16-bit interval 
timer/counters and the 8155 provides one 14-bit bi- 
nary timer/counter. Four of the PIT timers (BDGO-3) 
are dedicated to the USARTs providing fully inde- 
pendent programmable baud rates. 

Three General Use Timers — The fifth timer 
(BDG4) may be used as an auxiliary baud rate to any 
of the four USARTs or may alternatively be cascad- 
ed with timer six to provide extended interrupt inter- 



vals. The sixth PIT timer/counter (TINT1) can be 
used to generate interrupt Intervals to the on-board 
8085A. In addition to the timer/counters on the 8253 
PITs, the ISBC 544 has a 14-bit timer available on 
the 8155 PPI providing a third general use timer/ 
counter (TINTO). This timer output is jumper select- 
able to the interrupt structure of the on-board 8085A 
CPU to provide additional timer/counter capability. 

Timer Functions — In utilizing the iSBC 544 board, 
the systems designer simply configures, via soft- 
ware, each timer independently to meet systems re- 
quirements. Whenever a given baud rate or interrupt 
interval is needed, software commands to the pro- 
grammable timers select the desired function. The 
on-board PITs together with the 8155 provide a total 
of seven timer/counters and six operating modes. 
Mode 3 of the 8253 is the primary operating mode of 
the four dedicated USART baud rate generators. 
The timer/counters and useful modes of operation 
for the general use timer/counters are shown in Ta- 
ble 1. 



Interrupt Capability 

The iSBC 544 board provides interrupt service for up 
to 21 interrupt sources. Any of the 21 sources may 
interrupt the intelligent controller, and all are brought 
through the interrupt logic to 12 interrupt levels. Four 
interrupt levels are handled directly by the interrupt 
processing capability of the 8085A CPU and eight 
levels are serviced from an Intel 8259A Programma- 
ble Interrupt Controller (PIC) routing an interrupt re- 
quest output to the INTR input of the 8085A (see 
Table 2). 



Table 1. Programmable Timer Functions 



Function 


Operation 


Counter 


Interrupt on Terminal 
Count (Mode 0) 


When terminal count is reached, an interrupt request is 
generated. This function is useful for generation of real- 
time clocks. 


8253 

TINT1 


Rate Generator 
(Mode 2) 


Divide by N counter. The output will go low for one input 
clock cycle and high for N ~ 1 input clock periods. 


8253 

BDG4* 


Square-Wave Rate 
Generator (Mode 3) 


Output will remain high until one-half the TC has been 
completed, and go low for the other half of the count. 
This is the primary operating mode used for generating a 
Baud rate clocked to the USARTs. 


8253 

BDGO-4 
TINT1 


Software Triggered 
Strobe (Mode 4) 


When the TC is loaded, the counter will begin. On TC 
the output will go low for one input clock period. 


8253 

BDG4* 
TINT1 


Single Pulse 


Single pulse when TC reached- 


8155 

TINTO 


Repetitive Single Pulse 


Repetitive single pulse each time TC is reached until a 
new command is loaded. 


8155 

TINTO 



* BDG4 is jumper selectable as an auxiliary baud rate generator to the USARTs or as a cascaded output to TINT1. BDG4 
may be used in modes 2 and 4 only when configured as a cascaded output. 
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Table 2. Interrupt Vector Memory Locations 



inicrrupi 


vector 


inierr upi 


Source 


Locaiion 


Level 


Power Fail TRAP 


24h 


1 


8253 TINT1 RST 7.5 


3Ch 


2 


8156 TINTO, 






Ring IndicatorO) RST 6.5 


34h 


3 


Carrier Detect 






Flag Interrupt RST 5.5 


2Ch 


4 


INT0/-INT7/ (1 of 8) 






RXRDYO INTR 


Programmable 


5-12 


TXRDYO 






RXRDY1 






TXRDY1 






RXRDY2 






TXRDY2 






RXRDY3 






TXRDY3 







NOTE: 

1. Four ring indicator interrupts and four carrier detect inter- 
rupts are summed to the RST 6.5 Input. Tlie 8155 may be 
Interrogated to inspect any one of the eight signals. 



Interrupt Sources — The 22 Interrupt sources origi- 
nate from both on-board comnnunlcatlons functions 
and the MULTIBUS. Two Interrupts are routed from 
each of the four USARTs (8 Interrupts total) to indi- 
cate that the transmitter and receiver are ready to 
move a data byte to or from the on-board CPU. The 
PIC is dedicated to accepting these 8 interrupts to 
optimize USART service request. One of eight Inter- 
rupt request lines are jumper selectable for direct 
interface from a bus master via the system bus. Two 
auxiliary timers (TINTO from 8155 and TINT1 from 
8253) are jumper selectable to provide general pur- 
pose counter/timer Interrupts. A jumper selectable 
Flag Interrupt Is generated to allow any bus master 
to Interrupt the ISBC 544 by writing into the base 
address of the shared dual port memory accessable 
to the system. The Flag Interrupt is then cleared by 
the iSBC 544 when the on-board processor reads 
the base address. This interrupt provides an inter- 
rupt link between a bus master and intelligent slave 
(see System Programming). Eight inputs from the 
serial ports are monitored to detect a ring Indicator 
and carrier detect from each of the four channels. 
These eight interrupt sources are summed to a sin- 
gle interrupt level of the 8085A CPU. If one of these 
eight interrupts occur, the 8155 PPI can then be in- 
terrogated to determine which port caused the inter- 
rupt. Finally, a jumper selectable Power Fail Interrupt 
Is available from the MULTIBUS to detect a power 
down condition. 

8085 Interrupt — Thirteen of the twenty-two inter- 
rupt sources are available directly to four interrupt 
inputs of the on-board 8085A CPU. Requests routed 



to the 8085A Interrupt inputs, TRAP, RST 7.5, RST 
6.5 and RST 5.5 have a unique vector memory ad- 
dress. An 8085A jump Instruction at each of these 
addresses then provides software linkage to Inter- 
rupt service routines located independently any- 
where In the Memory. All Interrupt Inputs with the 
exception of the TRAP may be masked via software. 

8259A Interrupts •— Eight interrupt sources signal 
ing transmitter and receiver ready from the four 
USARTs are channeled directly to the Intel 8259A 
PIC. The PIC then provides vectoring for the next 
eight Interrupt levels. Operating mode and priority 
assignments may be reconfigured dynamically via 
software at any time during system operation. The 
PIC accepts transmitter and receiver interrupts from 
the four USARTs. It then determines which of the 
incoming requests is of highest priority, determines 
whether this request is of higher priority than the lev- 
el currently being serviced, and , If appropriate, is- 
sues an interrupt to the CPU. The output of the PIC 
is applied directly to the INTR input of the 8085A. 
Any combination of interrupt levels may be masked, 
via software, by storing a single byte In the Inten'upt 
mask register of the PIC. When the 8085A responds 
to a PIC Interrupt, the PIC will generate a CALL In- 
struction for each Interrupt level. These addresses 
are equally spaced at Intervals of 4 or 8 (software 
selectable) bytes. Interrupt response to the PIC is 
software programmable to a 32- or 64-byte block of 
memory. Interrupt sequences may be expanded 
from this block with a single 8085A jump instruction 
at each of these addresses. 

Interrupt Output — In addition, the ISBC 544 board 
may be jumper selected to generate an Interrupt 
from the on-board serial output data (SOD) of the 
8085A. The SOD signal may be jumpered to any one 
of the 8 MULTIBUS interrupt lines (INT0/-INT7/) to 
provide an Interrupt signal directly to a bus master. 



Power-Fail Control 

Control logic is also included to accept a power-fail 
interrupt in conjunction with the AC-low signal from 
the ISBC 635 Power Supply or equivalent 



Expansion Capabilities 

When the ISBC 544 board Is used as a single board 
communications controller, memory and I/O capaci- 
ty may be expanded and additional functions added 
using Intel MULTIBUS^ compatible expansion 
boards. In this mode, no other bus masters may be 
configured in the system. Memory may be expanded 
to a 65K byte capacity by adding user specified com- 
binations of RAM boards, EPROM boards, or combi- 
nation boards. Input/output capacity may be in- 
creased by adding digital I/O and analog I/O expan- 
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sion boards. Furthermore, multiple iSBC 544 boards 
may be included in an expanded system using one 
iSBC 544 board as a single board communications 
computer and additional controllers as intelligent 
slaves. 



System Programming 

In the system programming environment, the 
iSBC 544 board appears as an additional RAM 
memory module when used as an intelligent slave. 
The master CPU communicates with the iSBC 544 
board as if it were just an extension of system mem- 
ory. Because the ISBC 544 board is treated as mem- 
ory by the system, the user is able to program into it 
a command structure which will allow the ISBC 544 
board to control its own I/O and memory operation. 
To enhance the programming of the ISBC 544 
board, the user has been given some specific tools. 
The tools are: 1) the flag interrupt, 2) an on-board 
RAM memory area that Is accessible to both an off- 
board CPU and the on-board 8085A through which a 
communications path can exist, and 3) access to the 
bus interrupt line. 

Flag Interrupt — The Flag Interrupt is generated 
anytime a write command is performed by an off- 
board CPU to the base address of the iSBC 544 
board's RAM. This interrupt provides a means for 
the master CPU to notify the iSBC 544 board that It 
wishes to establish a communications sequence. In 
systems with more than one intelligent slave, the 
flag interrupt provides a unique interrupt to each 
slave outside the normal eight MULTIBUS interrupt 
lines (INT0/-INT7/). 

On-Board RAM — The on-board 16K byte RAM 
area that is accessible to both an off-board CPU and 
the on-board 8085A can be located on any 4K 
boundary in the system. The selected base address 
of the iSBC 544 RAM will cause an interrupt when 
written into by an off-board CPU. 

Bus Access — The third tool to improve system 
operation as an intelligent slave is access to the 
MULTIBUS interrupt lines. The iSBC 544 board can 
both respond to interrupt signals from an off-board 
CPU, and generate an interrupt to the off-board CPU 
via the MULTIBUS. 



System Development Capability 

The development cycle of iSBC 544 board based 
products may be significantly reduced using the In- 
tellec series microcomputer development systems. 
The Intellec resident macroassembler, text editor, 
and system monitor greatly simplify the design, de- 
velopment and debug of iSBC 544 system software. 
An optional ISIS-II diskette operating system pro- 



vides a linker, object code locater, and library man- 
ager. A unique in-circuit emulator (ICE-85) option 
provides the capability of developing and debugging 
software directly on the iSBC 544 board. 



SPECIFICATIONS 



Serial Communications Characteristics 

Synchronous-— 5-8 bit characters; automatic 
sync insertion; parity. 

Asynchronous— 5-8 bit characters; break char- 
acter generation; 1, IVa, or 2 
stop bits; false start bit detec- 
tion; break character detection. 



Baud Rates 



Frequency (KHz)(i) 


Baud Rate (Hz)(2) 


(Software 








Selectable) 


Synchronous 


Asynchronous 






-^■16 


^64 


153.6 




9600 


2400 


76.8 




4800 


1200 


38.4 


38400 


2400 


600 


19.2 


19200 


1200 


300 


9.6 


9600 


600 


150 


4.8 


4800 


300 


75 


6.98 


6980 




110 



NOTES: 

1. Frequency selected by I/O writes of appropriate 16-bit 
frequency factor to Baud Rate Register. 

2. Baud rates shown here are only a sample subset of pos- 
sible software programmable rates available. Any frequen- 
cy from 18.75 Hz to 614.4 KHz may be generated utilizing 
on-board crystal oscillator and 16-bit Programmable Inter- 
val Timer (used here as a frequency divider). 

8085A CPU 

Word Size — 8, 16 or 24 bits/instruction; 8 bits of 
data 

Cycle Time — 1 .45/jas ± 0.0 1 % for fastest execut- 
able instruction; i.e., four clock cy- 
cles. 

Clock Rate— 2.76 MHz ± 0.1% 

System Access Time 

Dual port memory — 740 ns 
NOTE: 

Assumes no refresh contention. 
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Memory Capacity 

On-Board ROM/PROM — 4K, or 8K bytes of user 
installed ROM or EPROM 

On-Board Static RAM — 256 bytes on 8155 

On-Board Dynamic RAM (on-board access) — 

16K bytes. Integrity maintained during power failure 
with user-furnished batteries (optional) 

On-Board Dynamic RAM (iMULTIBUS access) 

4K, 8K, or 1 6K bytes available to bus by swtich se- 
lection 



Memory Addressing 

On-Board ROI\^/PROiVi — 0-OFFF (using 2716 
EPROMs or masked ROMs); 0-1 FFF (using 2732A 
EPROMs) 

On-Board Static RAM — 256 bytes: 7F00-7FFF 

On-Board Dynamic RAM (on-board access) — 

16K bytes: 8000-BFFF. 

On-Board Dynamic RAM (l\MULTIBUS® access) — 

any 4K increment 00000- FFOOO which is switch and 
jumper selectable. 4K, 8K or 16K bytes can be made 
available to the bus by switch selection. 



I/O Capacity 

Seriai — 4 programmable channels using four 
8251 A USARTs 

Parailel — 10 programmable lines available for Bell 
801 ACU, or equivalent use. Two auxiliary jumper 
selectable signals 



I/O Addressing 



On-Board Programmable I/O 



Port 


Data 


Controi 


USARTO 


DO 


D1 


USART 1 


D2 


D3 


USART 2 


D4 


D5 


USART 3 


D6 


D7 


8155 PPI 


E9 (Port A) 


E8 




EA (Port B) 






EB (PortC) 





Interrupts 

Address for 8259A Registers (Hex notation, I/O 
address space) 

E6 Interrupt request register 

E6 In-service register 

E7 Mask register 

E6 Command register 

E7 Block address register 

E6 Status (polling register) 

NOTE: 

Several registers have the same physical address: 
Sequence of access and one data bit of the control 
word determines which register will respond. 

Interrupt levels routed to the 8085 CPU automati- 
cally vector the processor to unique memory loca- 
tions: 

24 TRAP 
3C RST 7.5 
34 RST 6.5 
2C RST 5.5 



Timers 

Addresses for 8253 Registers (Hex notation, I/O 
address space) 

Programmable Interrupt Timer One 

D8 Timer 0 BDGO 

D9 Timer 1 BDG1 

DA Timer 2 BDG2 

DB Control register 

Programmable Interrupt Timer Two 

DC Timer 0 BDG3 

DD Timer 1 BDG4 

DE Timer 2 TINT1 

DF Control register 

Address for 8 1 55 Programmable Timer 

E8 Control 

Timer (LSB) TINTO 
ED Timer (MSB) TINTO 

Input Frequencies — Jumper selectable reference 
1.2288 MHz ± 0.1% (0.814 jiis period nominal) or 
1.843 MHz ±0.1% crystal (0.542 jiis period, nomi- 
nal) 
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Output Frequencies (at 1.2288 MHz) 



Function 


Singie 
Timer/Counter 


Duai Timer/Counter 
(two timers cascaded) 


Min 


Max 


Min 


Max 


Real-Time Interrupt Interval 


1.63 juis 


53.3 jLts 


3.26 juis 


58.25 min 


Rate Generator (frequency) 


18.75 Hz 


614.4 KHz 


0.00029 Hz 


307.2 KHz 



Interfaces 

Serial I/O — EIA Standard RS232C signals provid- 
ed and supported: 



Connectors 



Carrier Detect 
Clear to Send 
Data Set Ready 
Data Terminal Ready 
Request to Send 
Receive Clock 



Receiver Data 
Ring Indicator 
Secondary Receive Data* 
Secondary Transmit Data * 
Transmit Clock 
Transmit Data 
DTE Transmit clock 
* Optional if parallel I/O port is not used as Auto- 
matic Calling Unit. 



Parallel I/O — Four inputs and eight outputs (in- 
cludes two jumper selectable auxiliary outputs). Ail 
signals compatible with EIA Standard RS232C. Di- 
rectly compatible with Bell Model 801 Automatic 
Calling Unit, or equivalent. 

MULTIBUS — Compatible with iSBC MULTIBUS. 



Interface 


Pins 
(qty) 


Centers 
(in.) 


Mating 
Connectors 


Bus 


86 


0.156 


Viking 

2KH43/9AMK12 


Parallel I/O 


50 


0.1 


3M 3415-000 or 
AMP 88083-1 


Serial I/O 


26 


0.1 


3M 3462-000 or 
AMP 88373-5 



Memory Protect 

An active-low TTL compatible memory protect signal 
is brought out on the auxiliary connector which, 
when asserted, disables read/write access to RAM 
memory on the board. This input is provided for the 
protection of RAM contents during the system pow- 
er-down sequences. 



On-Board Addressing 

All communications to the parallel and serial I/O 
ports, to the timers, and to the interrupt controller, 
are via read and write commands from the on-board 
8085A CPU. 



Auxiliary Power 

An auxiliary power bus is provided to allow separate 
power to RAM for systems requiring battery backup 
of read/write memory. Selection of this auxiliary 
RAM power bus is made via jumpers on the board. 



Bus Drivers 



Function 


Characteristic 


Sinl( 
Current (mA) 


Data 


Tri-state 


50 


Address 


Tri-state 


15 


Commands 


Tri-state 


32 



NOTE: 

Used as a master In the single board communications 
computer mode. 



Physical Characteristics 

Width: 30.48 cm (12.00 inches) 

Depth: 1 7.1 5 cm (6.75 inches) 

Thickness: 1.27 cm (0.50 inch) 

Weight: 3.97 gm (1 4 ounces) 
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Electrical Characteristics 



DC Power Requirements 



Current Requirements 


Configuration 


Vcc = +5V ±5% 
(max) 


Vqd = ±12V ±5% 
(max) 


Vbb = -5V(3) ±5% 
(max) 


Vaa = -12V ±5% 
(max) 


With 4K EPROM 
(using 2716) 


Ice = S-'^A max 


Idd = 350 mA max 


Ibb = 5 mA max 


Iaa = 200 mA max 


Witliout EPROIVI 


3.3A max 


350 mA max 


5 mA max 


200 mA max 


RAM onlyd) 


390 mA max 


1 76 mA max 


5 mA max 




RAM(2) refresh 
only 


390 mA max 


20 mA max 


5 mA max 





NOTES: 

1. For operational RAM only, for AUX power supply rating. 

2. For RAM refresh only. Used for battery backup requirements. No RAM accessed. 

3. Vbb is normally derived on-board from Vaa, eliminating the need for a Vbb supply. If it is desired to supply Vbb from the 
bus, the current requirement is as shown. 



Environmental Characteristics 

Operating Temperature: O'^C to 55^0 (32T to 13rF) 
Relative Humidity: To 90% without condensation 

Reference Manual 

502160 — iSBC 544 Intelligent Communications 
Controller Board Hardware Reference Manual (NOT 
SUPPLIED) 



Reference manuals are shipped with each product 
only if designated SUPPLIED (see above). Manuals 
may be ordered from any Intel sales representative, 
distributor office or from Intel Literature Department, 
3065 Bowers Avenue, Santa Clara, California 95051 . 



ORDERING INFORIUIATION 

Part Number Description 

iSBC 544 Intelligent Communications Control- 
ler 
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UtGH PERFORMANCE TERmmi COmROLLER ROARDS FOR 
MllTiRmn 

The iSBC 548 and iSBC 549 are intelligent terminal controllers for MULTIBUS I applications. The 
iSBC 548 provides basic multiuser support with 8 channels of RS 232 Asynchronous interface. The 
iSBC 549 combines 4 serial channels with a real-time clock and a line printer interface. Acting as 
intelligent slaves for communication expansion, these boards provide high performance, low cost 
solutions for multi-user systems. 

FEATURES 

ISBC 548 FEATURES 

• Supports eight channels asynchronous 
RS232 interface 

ISBC 549 FEATURES 

• Supports four channels asynchronous RS232 
interface 

• Line printer interface 

• Real-time clock/calendar with battery backup 

STANDARD iSBC 548/549 FEATURES 

• 8 MHz 80186 Microprocessor 

• Supports transfer rates up to 19.2K Baud 

• 128K Bytes Zero Uait State DRAM (32K Dual 
Port) 

• Supports Full Duplex Asynchronous 
Transmissions 

• Jumper selectable memory mappmg. I/O 
mapping and MULTIBUS Interrupts 

iny 

Intel Corporation assumes no rcsponsihililv for iht' usi' (if anv nrcuilr.v oiher ihan nrruilrv ombiKlu'd in an Intel prciducl Nti inhi'r rirruil pati-nt lia-nscs are 
implied Informaiicn coniained herein supersedes pre\ louslx published specifu-alions on these devices fnim imel and is siibieri to rhangcs without notice 

a-picmber. 1988 

© Intel Corporation 1988 Order Number 28()fi74 001 
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ASYIVCHROmm RS232 iWEREiC^ 
SUPPORT 

The iSBC 548/549 As\nc)irc)nous RS232 Internal support is 
presented in DTE 0)nfiguratl()n. 82530 Serial 
Communications Controllers (SCCs) prov ide channeIsS of half/ 
full duplex serial I/O. Configurabilit\ of the 82530 allows 
handling all asynchronous data formats regardless of data 
size, number of start or stop bits, or paritx requirements. 
The synchronous transmission features of the 82530 are 
not supported. An on-chip baud rate generator allows 
independent baud rates on each channel. The serial lines 
can be brought to the back-panel \ la 40-pin connectors and 
ribbon cable. . 

Um PRiJVTER MTERFACP 

The iSBC 549 incorporates a standard line printer interface 
compatible with IBM* or Centronics* line printers. 
Intelligent buffering on the iSBC 549 allows the CPU to 
offload printing tasks and return to higher priority )obs. 

REAL-rmE CLOCh/CALEiymR 

Multibus systems will benefit from the real-time clock 
present on the iSBC 5 19 m applications requiring time 
stamp operations, unattended boots and other calendar 
requirements. The clock/calendar circuit is backed up t)> a 
non-rechargeable battery which keeps the dock/calendar 
operating for si\ months with all other power off. 

8 MMX 80186 mCROPROCESSOR 

The 80186 central processor component proyides high- 
performance, flexibility, and powerful pnKvssing The 
80186/82530 combination with on-board PROM/KPROM 
sites, and dual-port RAM proyides the intelligence and speed 
to manage multi-user communications. 

TRAiySFER RATES i)P TO 19.2h RAID 

Collectiyely. each board has dual-port R \\I proy iding an on- 
board buffer to handle incoming and outgoing messages at 
data rates up to 19.2k baud. The resident firmware 
supports asynchronous RS232 serial channels, proyides 
modem control and performs power-up diagnostics. Kach 
serial channel can be mdnidually programmed to different 
baud rates to allow system configurations with differing 
terminal types. 

*IRM IS a trademark of International Business Marliines 
•Centronics is a re^^istered trademark of Centronics. Inc 



MEMORY 

The iSBC 548/549 have three areas of memory on-board: 
dual-port RAM, private RAM. and EPROM. Kach board 
contains 128K bytes of on-board RAM. 32K bytes of dual- 
port RAM can be Addressed by other MULTIBUS boards. 
The dual port memory is configurable in a 16M byte 
address space oh 32K byte t){)undaries as addressed from 
the MULTIBUS port. The starting address is jumper 
selectable. 

The stTond are^ of memory is 96K bytes of private KAM 
which is addr-essabie by the 80186 on-board. 

The third area of memory is KPROM memory expansion. 
Two 28-pin JKDEG sockets are provided. These sockets 
come populated with two EPROMs which contain the 
controller firmware. The boards can support 2764. 27128 
and 27256 RPROMs. giving a total capacity of 64K bytes. 
The EPROM runs with zero wait states if EPROMs of access 
times 250 ns or less are used. N() lumper changes iire 
needed to access different size EPROMs 

WORlDWiDE SERVKE Am SUPPORT 

Intel provides support for board repair or on-site service. 
Development options include phone support, subscription 
service, on-site consulting, and custoijicr training. 

OrnUTV AIVD REUARiUTY 

The iSBC 548 and iSBC 549 are designed and manufactured 
in accordance^ with Intel's high quality standards. We then 
verify (|uality through rigorous testing in our state-of-the-art 
Environmental Test Laboratory 



8-34 




RS232 INTERFACE 
CHLS 7 AND 8 
(iSBC 548 ONLY) 



RS232 INTERFACE 
CHLS 5 AND 6 
(ISBC 548 ONLY) 



RS232 INTERFACE 
CHLS 3 AND 4 
(ALL BOARDS) 



RS232 INTERFACE 
CHLS 1 AND 2 
(ALL BOARDS) 



PRINTER INTERFACE 
(iSBC 549 ONLY) 



MULTIBUS® ? 



REFRESH 
LOGIC 
(ALL BOARDS) 



REFRESH 
CONTROL 
SIGNALS 



RAM 

(ALL BOARDS) RAM CONTROL 
' SIGNALS 

I 



RAM 
CONTROL 
(ALL BOARDS) 



80186 
MICROPROCESSOR 
(ALL BOARDS) 



CLOCK/CALENDAR 
INTERFACE 
(iSBC 549 ONLY) 



ROM 
(ALL BOARDS) 



f1«are 2: iSBC 548/549 Boards Block Diagram 
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SPECIFICATIONS 



SERtAl coMmmcATims 

CUARACTERiSnCS 

Asynchronous onl> 
6-8 bit character length 
1, 1 '/2 . or 2 stop bits per character 
Parit> 

Programmable clock 
Break Generation 
Framing error detection 

Baud Rates 

The on-board firmware can automaticalK detect and set 
baud rates of 150. 300. 600. 1200. 4800. 9600 and 
19200. Other baud rates can be set b> the host. 

Serial RS232C Signals Supported 
CD Carrier Detect 
RXD Receive Data 
TXD Transmit Data 
DTR Data Terminal Read\ 
SG Signal Ground 
DSR Data Set Read\ 
RTS Read\ to Send 
CTS Clear to Send 
Rl Ringer Indicator 

These signals are supported b> the iSBC 548/549 
Controller and on-board firmwaiT. All signals may not be 
supported b> the host operating s>stem. 

MEMORY 

On-Board RAM - 128K bytes total 
Pri\atc RAM ■ 96K bytes 

Dual Port RAM - 32K bvtes. can be addressed from 

ML'LTIBLS interface al an> 32K: boundary 
between 80000H and K8000H or betwwn 
F80000H and FF8000H. 



EniVtROmEl^TAL CHARACTERISTICS 

Temperature - 0 to 55°C al 200 Linear Feet/Minut« (LFM) 



EPROM Options ■ 
(k)mponent 
2764 
27128 
27256 



On-Board Capacitv 
16K 
32k 
64K 



Start Address 
FCOOOH 
F8000II 
FOOOH 



Humidity ■ 



Air Velocity 
5% to 90% non-condensing (25 to 70°Q 



PHYSICAL CHARACTERISTICS 

iSBC 548 iSBC 549 

Width 30.34cm (12.00 in) 30.34cm (12.00 in) 

Length 16,87cm (6.75 in) 16.87cm (6.75 in) 

Height 1.27 cm (.5 in) 1.27 cm (.5 in) 

Weight 400 gm (1 4 oz) 358 gm (1 2.5 oz) 

Pm¥ER REQUIREMEmS 

Maximum Power Required per Voltage 



Voltage (Volts) 


Current (Amps) 


P(wer (Watts) 


ISBC 548 






+ 5 


3.49 


17.5 


-H12 


.14 


1.7 


-12 


.11 


1.3 


ISBC 549 






+ 5 


3.26 


16.3 


-hl2 


.07 


.8 


- 12 


.06 


.7 



ORDERim imORniATIOJM 
Partnimmlber Desctlptton 

iSBC 548 8 Channel High Performance Terminal 

Controller 

iSBC 549 4 Channel High Performance Terminal 

Controller with Line Printer/Clock 

REFEREmE MAmALS 

iSBC 546/547/548/549 High Performance Terminal 
Controller Hardware Reference Manual - Order Number 
122704-002 

For more information or the number of your nearest Intel 
sales office, call 800-548-4725 (good in the U.S. and 
Canada). 



miTIBUS SYSTEM BUS mTERFACE 

The iSBC 548/549 boards meet ML'LTIBI'S (lERR 796) bus 
specification D16M24 116 VOR. 

DEVICE DRIVERS 

Check the latest release of the following operating systems 
for details: 



iRMX 86 



iRMX II 
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iSBC® 561 
SOEMI (Serial OEM Interface) 
CONTROLLER BOARD 



■ Dedicated I/O Controller Provides a 
Direct Connection of MULTIBUS®- 
Based Systems to an IBM 9370 or 4361 
Mainframe Host or to any IBM System/ 
370 via an IBM 3174 Subsystem Control 
Unit via IBM's SOEMI (Serial OEM 
Interface) Protocol 

■ Physical Interface Is via IBM 3270 Coax 
witii a Maximum Distance of 1.5 km 

■ Maximum Transmission Rate of 2.36 
Megabits/Second 

■ Dual I/O Processors Manage Botti 
SOEMI and MULTIBUS® Interfaces 



Includes a SMC-to-BNC Cable 
Assembly to Attach into the IBM 3270 
Information Display System 

On-Board Diagnostic Capability 
Provides Operational Status of Board 
Function and Link with the Host 

Supported by a Complete Family of 
Single Board Computers, Memory, 
Digital and Analog I/O, Peripheral and 
Graphics Controllers' Packaging and 
Software 



The Intel ISBC 561 SOEMI (Serial OEM Interface) Controller Board is a member of Intel's family of single 
board computers, memory, I/O, peripheral and graphics controller boards, it is a dedicated intelligent I/O 
controller on a MULTIBUS form-factor printed circuit card. The board allows OEMs of MULTIBUS-based 
systems a direct, standard link to an IBM 9370 Information System, to an IBM System 4361, or to any IBM 
System/370 attached to an IBM 3174 Subsystem Control Unit via the SOEMI (Serial OEM Interface). The 
iSBC 561 Controller also provides IBM System/370 users access to the broad range of applications supported 
by hundreds of MULTIBUS vendors. 

The SOEMI interface is comprised of an IBM System/370 programming interface and an IBM 3270 coax 
interface. It is a flexible, high speed, point-to-point serial interface offered as a feature on the IBM 9370 and 
4361 processor families and on the 3174 Subsystem Control Unit. The iSBC 561 SOEMI Controller Board 
contains two processors and provides the necessary intelligence for conversion, control functions, and buffer 
management between the IBM mainframe and the MULTIBUS system. This board allows an IBM user to 
distribute control and information to MULTIBUS compatible systems for a variety of applications including 
factory automation, data acquisition, measurement, control, robotics, process control, communications, local 
area networking, medical instrumentation, and laboratory automation. 
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*IBM is a trademark of hternational Business Machines Corp. 
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November 1988 
Order Number: 2801 14-002 



iSBC® 561 BOARD 



SOEMI INTERFACE OVERVIEW 

The Serial OEM Interface (SOEMI) Is a new means 
of connecting Original Equipment Manufacturer 
(OEM) MULTIBUS-based systems and subsystems 
to an IBM System/370 mainframe. Previously, the 
only low-cost way to attach non-IBM equipment into 
the IBM mainframe environment was to use 3270 
emulation software and hardware adaptors. This 
type of interface is low-speed (approx. 19.6K bits/ 
sec.) and not very flexible as to the type and format 
of data that can be transferred. The 3270 emulators 
must mimic the device formats of the displays and 
printers that are typically attached on this interface; 
stripping out command characters, carriage return 
andl line feed characters, etc. The SOEMI interface 
is available on; the IBM 9370, the IBM 4361, and the 
3174 Subsystem Control Unit model 1L The SOEMI 
Protocol is much faster and more flexible, in that any 
type of raw data or formatted data may be sent 
across the connecting coax cable. 

The SOEMI attachment into the MULTIBUS system 
architecture, via the iSBC 561 SOEMI Controller 
Board, extends the attachment capabilities of the 
IBM 9370, 4361 and 3174 to a variety of systems, 
boards, and I/O devices provided by other manufac- 
turers. Figure 1 is an example of the variety achiev- 
able on Intel's MULTIBUS (IEEE 796) system archi- 
tecture. 

The SOEMI interface utilizes the System/370 Pro- 
gramming Interface on the IBM 9370, 4361 and 
31 74 to create the protocols and formats required by 
a given application for connection to and communi- 
cation with virtually any type of OEM device. 



The System/370 Programming Interface provides 
the standard System/370 I/O instructions for ex- 
changing data between the host and the 
MULTIBUS-based system. System/370 applications 
see MULTIBUS system memory as one or more en- 
tities called "spaces." The System/370 host system 
program writes to and reads from these spaces. The 
user can define the number of spaces or the layout 
of fields in the SOEMI interface at his discretion and 
as required by the application and the MULTIBUS 
system configuration. 

The 3270 coax interface provides the physical con- 
nection between the OEM MULTIBUS system and 
the IBM host. The coax cable (type RG62AU) can 
operate over a distance of 1 .5 kilometers at a maxi- 
mum transfer rate of 2.3587 Mbits/second. The dis- 
tance of 1 .5 kilometers can be increased to a maxi- 
mum of 3 kilometers by installing an IBM 3299 Ter- 
minal Multiplexer (repeater) between the IBM 9370, 
4361 or 3174 and the MULTIBUS system. The pro- 
tocol at the coax interface includes a polling mecha- 
nism, a set of Write and Read commands, and re- 
quires a buffer with an address register at the OEM 
controller end. 

The connection to the IBM 4361 is made via the IBM 
3270 Information Display System's Display/ Printer 
Adapter (DPA) and/or Work Station Adapter (WSA) 
coax ports. The DPA can drive up to sixteen 3270/ 
SOEMI coax ports, and Is the standard configura- 
tion. The WSA is an optional add-on to the IBM 4361 
that increases the total number coax ports support- 
ed to 40. The connection to the IBM 9370 is made 
via the Workstation Subsystem Controller feature, 
and a workstation adapter which can connect up to 



IBM 3174 MODEL 1L 
SUBSYSTEM CONTROL UNIT 



IBM 4361 
DISPLAY PRINTER ADAPTER 
OR WORK STATION ADAPTER 



IBM 9370 
WORKSTATION SUBSYSTEM 
CONTROLLER 



ISBC® 561 SOEMI 
INTERFACE CONTROLLER 



MULTIBUS® (IEEE 796) 



SINGLE BOARD 
COMPUTER 
WITH 0/S 




MEMORY 
BOARD 




CONTROLLER 
BOARD 




CONTROLLER 
« BOARD 


8086 


RAM 


ETHERNET 


DEVICES 



186, 286. etc. 
iRMX~ OPERATING 

SYSTEM 
XENIX* 



ROM 
EPROM 
BUBBLES 



*XENIX is a trademark of MICROSOFT Corporation 



IEEE 488 
RS 232 
MAP 

ANALOG I/O 
DIGITAL I/O 
OTHER INTERFACES 



DISK 
DISKETTE 
PRINTER 
DISPLAY (ASC II) 
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Figure 1. IBM 4361-to-MULTIBUS® Attachment Capability Block Diagram 
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iSBC® 561 BOARD 



6 SOEMI ports. This can be increased to 32 ports 
using optional terminal multiplexers. The connection 
to the IBM 3174 model 1 L is made via IBM dual-pur- 
pose connectors (DPC) which can connect up to 4 
SOEMI ports. This can be increased to 32 ports us- 
ing terminal multiplexer adapters. A typical configu- 
ration can support an aggregate data rate of approx- 
imately 45K Bytes/second (approx. 360K bits/sec- 
ond). 



OPERATING ENVIRONMENT 

The iSBC board functions as a slave to the host 
mainframe, reacting and executing under 
System/370 program control as as mainframe re- 
source. In addition, it has a full muitimaster MULTI- 
BUS interface that allows the board to arbitrate for 



bus ownership, generate bus clocks, respond to and 
generate interrupts, etc. With the ISBC 561 control- 
ler connected to the mainframe, all MULTIBUS sys- 
tem resources are available to the IBM host pro- 
gram/controller. From the IBM side, the mainframe 
is capable of accessing the entire 16 MBytes of 
MULTIBUS system memory, 64K Bytes of I/O 
space, and all on-board resources of the iSBC 561 
board. Other intelligent MULTIBUS boards access 
iSBC 561 controller services through normal inter- 
rupt mechanisms. 

Using the SOEMI interface in a relatively low-level 
application may simply require the user to write Sys- 
tem/370 application control programs that reside in 
the IBM mainframe. A more elaborate implementa- 
tion would also involve application programs that re- 
side in the MULTIBUS system under its "native" op- 
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Figure 2. iSBC® 561 SOEMI (Serial OEM interface) Controller Board Functional Blocic Diagram 
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iSBC® 561 BOARD 



erating environment (i.e., iRMX or XENIX operating 
systems) and an end-to-end protocol that ties both 
sets of application programs together. 



ARCHITECTURE 

The iSBC 561 board is functionally partitioned into 
three major sections: the front-end section, the com- 
mon section, and the back-end section (see Figure 
2). 



Front-End Processor Section: 
IBM Host Interface 

The front-end section of the iSBC 561 Controller 
board interfaces with the IBM mainframe via the IBM 
3270 Information Display System, and consists of an 
8X305 Signetics microcontroller, the 8X305 instruc- 
tion memory, and the coaxial interface. The 8X305 
executes the coax commands and places the struc- 
tured field's instructions in shared memory buffers 
for subsequent execution by the back-end proces- 
sor. The front-end instruction memory consists of 
three 2K x 8-bit PROMs which provide the instruc- 
tion code for the 8X305 processor and the informa- 
tion needed to generate the various control signals 
required by the 8X305 to elicit system functions. The 
Information contained in each PROM is not modifi- 
able by the user. The coaxial interface is based on a 
DP8340 transmitter component that converts 8-bit 
parallel data received from the front-end processor 
to a 12-bit serial stream, and a DP8341 receiver 
component, that converts a 12-bit serial stream of 
data from the mainframe to parallel data with sepa- 
rated command and parity bits. 



Common Section: 
Shared Memory Buffer 

The common section of the iSBC 561 board consists 
of two 8-bit, bi-directional message registers and a 
16K X 8-bit static RAM shared buffer. This shared 
memory buffer between the front-end processor and 
the back-end processor is the resource for transfer- 
ring information and control messages between the 
IBM host and the MULTIBUS system. 



Back-End Processor Section: 
MULTIBUS® Interface 

The back-end section of the board provides an intel- 
ligent interface to the MULTIBUS system bus, and 
consists of the 8086-2 microprocessor, local memo- 
ry, bus interface circuitry, and memory-mapped log- 
ic. The 8086 processor is capable of either retrieving 
information the 8X305 placed in the shared buffer, 
or placing information in the shared buffer, depend- 



ing on the direction of the transfer and type of opera- 
tion or task to be performed. The information is 
stored in the shared buffer as a set(s) of structured 
fields. The back-end processor transfers this infor- 
mation by performing 8- or 16-bit data transfers to or 
from the MULTIBUS system bus, the shared buffer, 
and the local memory. 

The control program for this high-speed, back-end 
processor is resident in two local ROM sites. The 
processor also has access to 16K bytes of static 
RAM for local data storage. 

The back-end section interfaces to other MULTIBUS 
boards through two bus controllers, a bus arbiter, 
and the address, data, and command buffers for ac- 
cess over the 24 address lines and 16 data lines of 
the MULTIBUS system bus. 



OPERATION FLOW 

The commands and information passed along the 
coax by the IBM host to the ISBC 561 controller rep- 
resent what is known as a "structured field." The 
iSBC 561 front-end processor strips out the 12-bit 
protocol header deposits the remaining structured 
field(s) in the shared memory buffer, and notifies the 
back-end processor. The back-end processor then 
processes these structured fields in order to access 
the proper MULTIBUS memory space and I/O ports. 
It then deposits the information or task in the space 
and notifies the MULTIBUS subsystem master that a 
transfer has occurred and is awaiting service. 

When requiring service, the MULTIBUS system ap- 
plication sends an interrupt to the iSBC 561 board. 
The board then issues an attention to the main- 
frame. At this point, the mainframe is under no obli- 
gation or time constraint to service the interrupt, and 
its response is application dependent. 

The mainframe issues commands to service the in- 
terrupt. The information concerned with the interrupt 
is then passed through the shared memory and seri- 
alized by the iSBC 561 board before being sent to 
the mainframe. The exact communications protocol 
used for this end-to-end transfer is defined by the 
user application programs running in both operating 
environments. 



Interface Connector/Cable Assembly 

The cable assembly used to connect the iSBC 561 
SOEMI Controller Board to the IBM mainframe or 
3174 control unit cable assembly consists of RG180 
type cable having an SMC connector on one end 
(which mates to the iSBC 561 board right angle SMC 
connector) and a BNC connector on the other end 
(which mates to the IBM cable assembly connector). 
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SPECIFICATIONS 
Operational Characteristics 

Back-end processor— Intel 8086-2/5 MHz 

— 20-blt address path; 8/16 bit 
data path 

Front-end processor— Signetics 8X305/8 MHz 

— 16-bit instruction path; 8-bit 
data path 

Serial Transfer Rate— 2.3587 Mbits/second (max. 
bit rate) 

— 360K bits/second (approx. 
aggregate throughput) 

Serial Transfer Rate — Binary dipulse (with 12-bit 
serial stream) 

Memory Capacity — All iSBC 561 controller board 
memory is available to on- 
board firmware only. 

Common memory — 16K Bytes of Shared Buffer 
memory (SRAM @ 0 wait 
state access) 

8086-2 memory — 16K Bytes of EPROM; 

— 16K Bytes of SRAM 

8X305 memory — 4K Bytes of Instruction mem- 
ory (EPROM) 

— 2K Bytes of Control memory 
(EPROM) 

Physical Characteristics 

Width: 30.48 cm (12.00 in) 
Height: 17.15 cm (6.75 in) 
Depth: 1.78 cm (0.70 in) 
Weight: 510 gm (18 oz) 

Electrical Characteristics 

DC Power Requirements: 
Voltage— +5V 
Current (Max)— 6.28A 
Current (Typ)—5.46A 
Power Dissipation (Max)— 35.5VA 



Cable Characteristics 

Impedance: coax connector— 50 ohms (nominal) 
external cable (user furnished)— 
95 ohms (nominal) 

Capacitance: 35 pF/ft 

Propagation: 1 .6 ns/ft 

Environmental Characteristics 

Operating Temperature: 0° to 55°C at 200 LFM air 
velocity 

Operating Humidity: 10 to 85% non-condensing 
(0" to 55*^0) 

Non-Operating Temperature: --40°C to 75*C 

Shock: 30G for a duration of 1 1 ms with Vi sinewave 
shape. 

Vibration: 0 to 55 Hz with 0.0 to 0.010 inches peak 
to peak excursion. 

Reference IManuals 

147048-001— iSBC 561 SOEMI (Serial OEM Inter- 
face) Controller Board Hardware Ref- 
erence Manual (NOT SUPPLIED) 

Reference manual may be ordered from any Intel 
sales representative, distributor office, or from Intel 
Literature Department, 3065 Bowers Avenue, Santa 
Clara, California 95051. 

GA33-1 585-0 (File No. S370-03— IBM Serial OEM 
Interface (SOEMI) Reference Manual 
(NOT SUPPLIED) 

Reference manual may be ordered from IBM Ad- 
vanced Technical Systems; Dept. 3291, 7030-16; 
Schoenaicherstr. 220; 7030 Boeblingen. Federal 
Republic of Germany. 



ORDERING INFORMATION 

Part Number Description 

iSBC561 SOEMI (Serial OEM Interface) Con- 
troller board 
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iSBX^*^ 351 
SERIAL I/O MULTIMODULE™ BOARD 



iSBXTM Bus Compatible I/O Expansion 

Programmable Synchronous/ 
Asynchronous Communications 
Channel with RS232C or RS449/422 
Interface 

Software Programmable Baud Rate 
Generator 

Two Programmable 16-Bit BCD or 
Binary Timer/Event Counters 



Four Jumper Selectable Interrupt 
Request Sources 

Accessed as I/O Port Locations 

Low Power Requirements 

Single + 5V when Configured for 
RS449/422 Interface 

iSBX Bus On-Board Expansion 
Eliminates IVIULTIBUS® System Bus 
Latency and Increases System 
Throughput 



The Intel iSBX 351 Serial I/O MULTIMODULE board is a member of Intel's new line of iSBX bus compatible 
MULTIMODULE products. The iSBX MULTIMODULE board plugs directly into any ISBX bus compatible host 
board offering incremental on-board I/O expansion. The iSBX 351 module provides one RS232C or RS449/ 
422 programmable synchronous/asynchronous communications channel with software selectable baud rates. 
Two general purpose programmable 16-bit BCD or binary timers/event counters are available to the host 
board to generate accurate time intervals under software control. The ISBX board is closely coupled to the 
host board through the iSBX bus, and as such, offers maximum on-board performance and frees MULTIBUS 
system traffic for other system resources. In addition, incremental power dissipation is minimal requiring only 
3.0 watts (assumes RS232C interface). 




280236-1 
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Order Number: 280236-001 



iSBXTM 351 



FUNCTIONAL DESCRIPTION 



Communications Interface 

The iSBX 351 module uses the Intel 8251 A Univiar- 
sal Synchronous/Asynchronous Receiver/Transmit- 
ter (USART) providing one programmable communi- 
cations channel. The USART can be programmed 
by the system software to individually select the de- 
sired asynchronous or synchronous serial data 
transmission technique (including IBM Bi-Sync). The 
mode of operation (i.e., synchronous or asynchro- 
nous), data format, control character format, parity, 
and baud rate are all under program control. The 
8251 A provides full duplex, double buffered transmit 
and receive capability. Parity, overrun, and framing 
error detection are ail incorporated in the USART. 
The command lines, serial data lines, and signal 
ground lines are brought out to a double edge con- 
nector configurable for either an RS232C or RS449/ 
422 interface (see Figure 3). In addition, the iSBX 
351 module Is jumper configurable for either point- 
to-point or multidrop network connection. 



16-Bit Interval Timers 

The iSBX 351 module uses an Intel 8253 Program- 
mable Interval Timer (PIT) providing 3 fully program- 
mable and independent BCD and binary 1 6-bit inter- 
val timers. One timer is available to the system de- 
signer to generate baud rates for the USART under 
software control. Routing for the outputs from the 
other two counters is jumper selectable to the host 
board. In utilizing the ISBX 351 module, the systems 
designer simply configures, via software, each timer 
independently to meet system requirements. When- 
ever a given baud rate or time delay is needed, soft- 
ware commands the programmable timers to select 
the desired function. The functions of the timers are 
shown in Table 1 . The contents of each counter may 
be read at any time during system operation. 



Interrupt Request Lines 

Interrupt requests may originate from four sources. 
Two interrupt requests can be automatically gener- 
ated by the USART when a character is ready to be 
transferred to the host board (i.e., receive buffer is 
full) or a character has been transmitted (i.e., trans- 
mit buffer is empty). In addition, two jumper select- 
able requests can be generated by the programma- 
ble timers. 



Installation 

The ISBX 351 module plugs directly into the female 
ISBX connector on the host board. The module is 
then secured at one additional point with nylon hard- 
ware to insure the mechanical security of the assem- 
bly (see Figures 1 and 2). 



Table 1. Programmable Timer Functions 



Function 


Operation 


Interrupt on 
Terminal Count 


When terminal count is 
reached, an interrupt request 
is generated. This function is 
useful for generation of real- 
time clocks. 


Programmable 
One-Shot 


Output goes low upon receipt 
of an external trigger edge 
and returns high when 
terminal count is reached. 
This function is retriggerable. 


Rate Generator 


Divide by N counter. The 
output will go low for one 
input clock cycle, and the 
period from one low going 
pulse to the next is N times 
the input clock period. 


Square-Wave 
Rate Generator 


Output will remain high until 
one-half the count has been 
completed, and go low for the 
other half of the count. 


Software 
Triggered Strobe 


Output remains high until 
software loads count (N). N 
counts after count is loaded, 
output goes low for one input 
clock period. 


Hardware 
Triggered Strobe 


Output goes low for one clock 
period N counts after rising 
edge counter trigger input. 
The counter is retriggerable. 


Event Counter 


On a jumper selectable basis, 
the clock input becomes an 
Input from the external 
system. CPU may read the 
number of events occurring 
after the counting "window" 
has been enabled or an 
interrupt may be generated 
after N events occur in the 
system. 
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40 
MAX 



iSBX 351 MULTIMOOULE BOARD 



iSBX 
CONNECTOR 
(MALE) 



iSBX 
CONNECTOR 
(FEMALE) 



HOST MICROCOMPUTER BOARD 



280236-3 



Figure 2. Mounting Ciearances (inciies) 
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RS232C CABLING 



RS449/422 CABLING 



CONNECTOR PIN 1 ' 

280236-4 



Figure 3. Cable Construction and Installation for RS232C and RS449/422 Interface 



SPECIFICATIONS 



I/O Addressing 



I/O Address for 
an 8-Bit Host 


I/O Address for 
a 16-Bit Host 


Chip Select 


Function 


XO, X2, X4 
orX6 


YO, Y4, Y8 
orYC 


8251 A 
USART 

MCSO/ 

Activated (True) 


Write: Data 
Read: Data 


X1,X3,X5 
orX7 


Y2, Y6, YA 
or YE 


Write: Mode or Command 
Read: Status 


X8 orXC 


ZO orZ8 


8253 PIT 

MSC1 /Activated 
(True) 


Write: Counter 0 
Load: Count (N) 
Read: Counter 0 


X9 or XD 


Z2 orZA 


Write: Counter 1 
Load: Count N 
Read: Counter 1 


XA or XE 


Z4 orZC 


Write: Counter 2 
Load: Count (N) 
Read: Counter 2 


XB orXF 


Z6 orZE 


Write: Control 
Read: None 



NOTE: 

X = The iSBX base address that activates MCSO & MSC1 for an 8-bit host. 
Y = The iSBX base address that activates MCSO for a 16-bit host. 
Z = The iSBX base address that activates MCS1 for a 16-bit host. 

The first digit, X, Y or Z, is always a variable, since it will depend on the type of host microcomputer used. Refer to the 
Hardware Reference Manual for your host microcomputer to determine the first digit of the I/O base address. 
The first digit of each port I/O address is listed as "X" since it will change depending on the type of host iSBC microcomput- 
er used. Refer to the Hardware Reference Manual for your host iSBC microcomputer to determine the first digit of the I/O 
address. 



8-45 



iSBXTM 351 



Word Size 

Data~-8 bits 



Access Time 

Read— 250 ns max 
Write— 300 ns max 

NOTE: 

Actual transfer speed is dependent upon tlie cycle 
time of the host microcomputer. 



Seriai Communications 

Synchronous— 5-8-bit characters; internal charac- 
ter synchronization; automatic sync insertion; even, 
odd or no parity generation/detection. 

Asynchronous— 5-8-bit characters; break character 
generation and detection; 1 , 1 Va, or 2 stop bits; false 
start bit detection; even, odd or no parity genera- 
tion/detection. 



Intervai Timer and Baud Rate 
Generator 



Input Frequency (selectable): 

1.23 MHz ±0.1% (0.813 fiS period nominal) 
153.6 kHz ±0.1% (6.5 ju,s period nominal) 



Sampie Baud Rate 



8253 PIT(1) 
Frequency (kHZ, 
Software Selectable) 


8251 USART Baud Rate (Hz)(2) 


Synchronous 


Asynchronous 






-M6 


-i-64 


307.2 




19200 


4800 


153.6 




9600 


2400 


76.8 




4800 


1200 


38.4 


38400 


2400 


600 


19.2 


19200 


1200 


300 


9.6 


9600 


600 


150 


4.8 


4800 


300 


75 


2.4 


2400 


150 




1.76 


1760 


110 





NOTES: 

1. Frequency selected by I/O writes of appropriate 16-bit frequency factor to Baud Rate Register. 

2. Baud rates shown here are only a sample subset of possible software-programmable rates available. Any frequency from 
18.75 Hz to 614.4 kHz may be generated utilizing on-board crystal oscillator and 16-blt Programmable Interval Timer (used 
here as frequency divider). 



Output Frequency 





Rate Generator 
(Frequency) 


Real-Time Interrupt 
(interval) 


Min 


Max 


Min 


Max 


Single Timer(i) 


18.75 Hz 


614.4 kHz 


1.63 jus 


53.3 ms 


Single Timer(2) 


2.34 Hz 


76.8 kHz 


13.0 fxs 


426.7 ms 


Dual Tlmer(3) (Counters 0 and 1 in Series) 


0.000286 Hz 


307.2 kHz 


3.26 jas 


58.25 min 


Dual Timer(4) (Counters 0 and 1 in Series) 


0.0000358 Hz 


38.4 kHz 


26.0 fiS 


7.77 hrs 



NOTES: 

1. Assuming 1.23 MHz dock input. 3. Assuming Counter 0 has 1.23 MHz dock input. 

2. Assuming 153.6 kHz clock input. 4. Assuming Counter 0 has 153.6 kHz clock input. 
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Interrupts 

Interrupt requests may originate from the USART (2) 
or the programmable timer (2). 



Interfaces 

iSBX Bus— all signals TTTL compatible. 

Serial— configurable of EIA Standards RS232C or 
RS449/422 

EIA Standard RS232C signals provided and support- 
ed. 

Clear to Send (CTS) 
Data Set Ready (DSR) 
Data Terminal Ready (DTR) 
Request to Send (RTS) 
Receive Clock (RXC) 
Receive Data (RXD) 
Transmit Clock (DTE TXC) 
Transmit Data (TXD) 



EIA Standard RS449/422 signals provided and sup- 
ported. 

Clear to Send (CS) 
Data Mode (DM) 
Terminal Ready (TR) 
Request to Send (RS) 
Receive Timing (RT) 
Receive Data (RD) 
Terminal Timing (TT) 
Send Data (SD) 



Physical Characteristics 

Width: 7.24 cm (2.85 inches) 

Length: 9.40 cm (3.70 inches) 

Height*: 2.04 cm (0.80 inches) 
iSBX 351 Board 
2.86 cm (1.13 inches) 
ISBX 351 Board and Host Board 

Weight: 51 grams (1.79 ounces) 
*(See Figure 2) 



Serial Interface Connectors 



Configuration 


Mo6ei2) 


IMULTIIMODULETM 
Edge Connector 


Cable 


Connector(8) 


RS232C 
RS232C 
RS449 
RS449 


DTE 
DCE 
DTE 
DCE 


26-pin(5), 3M-3462-0001 
26-pin(5), 3M-3462-0001 
40-pin(6), 3M-3464-0001 
40-pin(6), 3M-3464-0001 


3M(3)-3349/25 
3M(3)-3349/25 
3M(4)-3349/37 
3M(4)-3349/37 


25- pin(7). 3M.3482-1000 

26- pln(7), 3M-3483-1000 
37-pin(l), 3M-3502-1000 
37-pin(1). 3M-3503-1000 



NOTES: 

1 . Cable housing 3M-3485-4000 may be used with the connector. 

2. DTE— Data Terminal mode (male connector), DCE— Data Set mode (female connector). 

3. Cable is tapered at one end to fit the 3M-3462 connector. 

4. Cable is tapered to fit 3M-3464 connector. 

5. Pin 26 of the edge connector is not connected to the flat cable. 

6. Pins 37, 39, and 40 of the edge connector are not connected to the flat cable. 

7. May be used with cable housing 3M-3485-1000. 

8. Connectors compatible with those listed may also be used. 



Electrical Characteristics 
DC Power Requirements 



Mode 


Voitage 


Amps 
(lUlax) 


RS232C 
RS449/422 


+ 5V ± 0.25V 
+ 12V ±0,6V 
-12V ±0.6V 
+ 5V ± 0.25V 


460 mA 
30 mA 
30 mA 

530 mA 



Environmental Characteristics 

Temperature: 0''C-55**C, free moving air across the 
base board and MULTIMODULE 
board. 



Reference IManual 

9803190-01— iSBX 351 Serial I/O MULTIMODULE 
Manual (NOT SUPPLIED) 

Reference Manuals may be ordered from any Intel 
sales representative, distributor office or from Intel 
Literature Department, 3065 Bowers Ave., Santa 
Clara, California, 95051. 



ORDERING INFORMATION 

Part Number Description 

SBX 351 Serial I/O MULTIMODULE Board 
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iSBX™ 354 DUAL CHANNEL SERIAL I/O 
MULTIMODULE™ BOARD 



Two RS232C or RS422A/449 
Programmable Synchronous/ 
Asynchronous Communications 
Channels 

Programmable Baud Rate Generation 
for Each Channel 

Full Duplex Operation 



iSBXTM Bus Compatible I/O Expansion 

Supports HDLC/SDLC, NRZ, NRZI or 
FM Encoding/Decoding 

Three Interrupt Options for Each 
Channel 

Low Power Requirements 



The Intel ISBX 354 Serial I/O MULTIMODULE board Is a member of Intel's line of ISBX compatible MULTI- 
MODULE products. The iSBX MULTIMODULE board plugs directly into any iSBX bus compatible host board 
offering incremental on-board I/O expansion. Utilizing Intel's 82530 Serial Communications Controller compo- 
nent, the iSBX 354 module provides two RS232C or RS422A/449 programmable synchronous/asynchronous 
communications channels. The 82530 component provides two independent full duplex serial channels, on 
chip crystal oscillator, baud-rate generator and digital phase locked loop capability for each channel. The ISBX 
board connects to the host board through the ISBX bus. This offers maximum on-board performance and frees 
the MULTIBUS® System bus for use by other system resources. 




280045-1 
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iSBXTM 354 MODULE 



FUNCTIONAL DESCRIPTION 



Communications Interface 

The iSBX 354 module uses the Intel 82630 Serial 
Communications Controller (SCC) component pro- 
viding two independent full duplex serial channels. 
The 82530 is a multi-protocol data communications 
peripheral designed to interface high speed commu- 
nications lines using Asynchronous, Byte-Synchro- 
nous and Bit-Synchronous protocols to Intel's micro- 
processor based board and system level products. 
The mode of operation (i.e. asynchronous or syn- 
chronous), data format, control character format, 
and baud-rate generation are all under program con- 
trol. The 82530 SCC component can generate and 
check CRC codes in any Synchronous mode and 
can be programmed to check data integrity in vari- 
ous modes. The command lines, serial data lines, 
and signal ground lines are brought out to a double 
edge connector. 



The iSBX 354 module provides a low cost means to 
add two serial channels to iSBC® boards with 8 or 
16 bit MULTIMODULE interfaces. In the factory de- 
fault configuration, the iSBX 354 module will support 
two RS232C interfaces. With user supplied drivers 
and termination resistors, the ISBX 354 module can 
be reconfigured to support RS422A/449 communi- 
cation interfaces with support on Channel A only for 
multidrop control from the base board. Both chan- 
nels can be configured as DTE or DCE with RS232C 
interfaces. 



Interrupt Request Line 

The 82530 SCC component provides one interrupt 
to the MINTRO signal of the ISBX interface. There 
are six sources of Interrupts in the SCC component 
(Transmit, Receive and External/Status interrupts in 
both channels). Each type of interrupt is enabled un- 
der program control with Channel A having higher 
priority than Channel B, and with Receive, Transmit 




Figure 1. Installation of 2 ISBXtm 354 IMULTIMODULEtm Boards on an iSBC® Board 




MULTIMODULE'*' BOARD 



Vz" THREADED NYLON SPACER - 



1 



MICROCOMPUTER BOARD 



V4" X 6-32 NYLON SCREW Vjl^ 



Figure 2. l\/lounting Technique 
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and External/Status interrupts prioritized in that or- 
der within each channel. 



Installation 

The iSBX 354 module plugs directly into the female 
iSBX connector on the host board. The module is 
then secured at one additional point with nylon hard- 
ware to insure the mechanical security of the assem- 
bly. Figures 1 and 2 demonstrate the installation of 



the iSBX 354 MULTIMODULE board on a Host 
Board. Figures 3 and 4 provide cabling diagrams. 



Programming Considerations 

The Intel 82530 SCC component contains several 
registers that must be programmed to initialize and 
control the two channels. Intel's iSBX 354 Module 
Hardware Reference Manual (Order #146531-001) 
describes these registers in detail. 




RS422A/449 DB-37 CONNECTORS 



FEMALE 




280045-5 

Figure 4. RS422A/449 Cable Construction 
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SPECIFICATIONS 
Word Size 

Data— 8 bits 

Clock Frequency 

4.9152 MHz 

Serial Communications 

Synchronous— Internal or external character syn- 
chronization on one or two synchronous characters 

Asynchronous— 5-8 bits and 1 , 1 or 2 stop bits 
per character; programmable clock factor; break de- 
tection and generation; parity, overrun, and framing 
error detection 



Sample Baud Rate: 



Synchronous XI Clock 


Baud Rate 


82530 Count Value 
(Decimal) 


64000 
48000 
19200 
9600 
4800 
2400 
1800 
1200 
300 


36 
49 
126 
254 
510 
1022 
1363 
2046 
8190 


Asynchronous X16 Clock 


Baud Rate 


82530 Count Value 
(Decimal) 


19200 
9600 
4800 
2400 
1800 
1200 
300 
110 


6 
14 
30 
62 
83 
126 
510 
1394 



INTERFACES 

ISBXTM Bus: Meets the iSBX Specification, Compli- 
ance Level: D8 F 

Serial: Meets the EIA RS232C standard on Chan- 
nels A and B. Meets the EIA RS422A/449 standard 
on Channels A and B, Multi-drop capability on Chan- 
nel A only. 



Signals Provided 




RS232C DTE 


RS232C DCE 


-Transmit Data 


-Transmit Data 


-Receive Data 


-Receive Data 


-Request to Send 


-Clear to Send 


-Clear to Send 


-Data Set Ready 


-uata oet neaay 


-Signal Ground 


-Signal Ground 


-Carrier Detect 


-Carrier Detect 


-Transmit Clock (2) 


-Transmit Clock (2) 


-Receive Clock 


-Receive Clock 


-Ring Indicator 


-Data Terminal Ready 




-Ring Indicator 




RS422A/449 




-Send Data 




-Receive Timing 




-Receive Data 




-Terminal Timing 




-Receive Common 





I/O Port Addresses 



Port Address 


Function 


8-Bit 16-Bit 


XO 


Read Status Channel B 
Write Command Channel B 


X2 


Read Data Channel B 
Write Data Channel B 


X4 


Read Status Channel A 
Write Command Channel A 


X6 


Read Data Channel A 
Write Data Channel A 


YO 


Read Disable RS422A/449 Buffer 
Write Enable RS422A/449 Buffer 



NOTES: 

1 . The "X" and "Y" values depend on the address of the 
iSBX interface as viewed by the base board. 

2. "X" corresponds with Activation of the MCSO/interface 
signal; "Y" corresponds with Activation of the MCS1 /inter- 
face signal. 

Power Requirements 

+ 5Vat0.5A 
+ 12V at 50 mA 
-12V at 50 mA 

Physical Characteristics 

Width: 2.85 inches 
Length: 3.70 inches 
Height: 0.8 inches 
Weight: 85 grams 
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ENVIRONMENTAL 
CHARACTERISTICS 

Temperature: 0*C to 55^*0 operating at 200 linear 
feet per minute across baseboard and 
IVIULTIMODULE board 

Humidity: To 90%, without condensation 

ORDERING INFORMATION 

Part Number Description 

iSBX 354 Dual Channel I/O MULTIMODULE 



REFERENCE MANUAL 

146531-001— iSBX 354 Channel Serial I/O: Board 
Hardware Reference Manual 

Reference manuals may be ordered from any Intel 
sales representative, distributor office, or from Intel 
Literature Department, 3065 Bowers Avenue, Santa 
Clara, CA 95051. 
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iSBC® 186/410 MULTIBUS® II 
SERIAL COMMUNICATIONS COMPUTER 



Six Serial Communication Channels on 
a Single MULTIBUS® II Board, 
Expandable to 10 Channels via ISBXtm 
Bus Connectors 

High Integration 8 MHz 80186 
Microprocessor 

82258 Advanced DMA Controller 
Provides 4 Independent High 
Performance DMA Channels 

Supports RS232C-Oniy on 4 Channels, 
RS422A or RS232C Interface 
Configurable on 2 Channels 

512K Bytes DRAM Provided 



MULTIBUS® II iPSB (Parallel System 
Bus) Interface with Full Message 
Passing Capability 

Four 28-Pin JEDEC Sites, Expandable 
to 8 Sites with iSBC® 341 
MULTIMODULETM for a Maximum of 
512K Bytes EPROM 

Two iSBXTM Connectors for Low Cost 
I/O Expansion 

MULTIBUS® II Interconnect Space for 
Software Configurability and 
Diagnostics 

Resident Firmware to Support Host-to- 
Controiier Download Capability and 
Built-ln-Self-Test (BIST) Diagnostics 



The iSBC 186/410 MULTIBUS II Serial Communications Computer is an Intelligent 6-channel communications 
processor implementing the full, high performance message passing interface of the MULTIBUS II (iPSB) 
Parallel System Bus. This iSBC board combines an 8 MHz 80186 16-bit microprocessor, with six serial chan- 
nels (expandable to 10 serial channels on-board via iSBX connectors), up to 51 2K bytes of DRAM, four 28-pin 
JEDEC sites, two iSBX connectors, and an 82258 ADMA controller on a single 220 mm x 233 mm (8.7 in. x 9.2 
in.) Eurocard printed circuit board. The iSBC 186/410 board supports asynchronous, byte synchronous, and 
bit-synchronous (HDLC/SDLC) communications protocols on the two full/half duplex RS232C/RS422A chan- 
nels, and asynchronous-only on the four full/half duplex RS232C-only channels. Acting as a terminal controller 
or front-end processor, this board adds significant data communications flexibility to an OEM's MULTIBUS 11 
design. 




280268-1 
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OPERATING ENVIRONMENT 

The iSBC 186/410 MULTIBUS II Serial Communica- 
tions Computer is a powerful data communications 
sub-system specifically designed to operate in and 
support the message-based, multi-processor system 
configurations being implemented on the MULTI- 
BUS II architecture. The board's on-board CPU, an 8 
MHz 80186 microprocessor, provides significant in- 
telligence to off-load and distribute the serial com- 
munications functions away from one or all of a sys- 
tem's processor boards. 

The iSBC 186/410 board was designed with a set of 
features to address several communications appli- 
cation areas: terminal/cluster controller, or front-end 
processor. 



Terminal/Cluster Controller 

A terminal/cluster controller concentrates communi- 
cations in a central area of a system. Efficient han- 
dling of messages coming in or going out of the sys- 
tem requires sufficient buffer space to store mes- 
sages along with high speed I/O channels to trans- 
mit and receive those messages. Sophisticated clus- 



ter controller applications also require character and 
format conversion capabilities to allow attachment 
of different types of terminals. 

The iSBC 186/410 MULTIBUS II Serial Communica- 
tions Computer is well suited for multi-terminal sys- 
tem applications (see Figure 1). Up to 10 serial 
channels can be serviced in multi-user or cluster 
configurations by adding two iSBX 354 Dual Serial 
Channel MULTIMODULE boards. The on-board 
51 2K byte (expandable to 51 2K bytes) DRAM array 
is the buffer area designed to handle incoming and 
outgoing messages at data rates up to 1 9.2K baud 
(asynch). Each serial channel can be individually 
programmed for different baud rates to allow system 
configurations with differing terminal types. The on- 
board 80186 CPU handles the protocols and char- 
acter manipulation tasks traditionally performed by a 
system host. 



Front-end Processor 

A front-end processor off-loads a system's central 
processor of bandwidth-draining tasks such as data 
manipulation and text editing of characters collected 
from the attached serial I/O devices. Since most ter- 




8-54 



iSBC® 186/410 




iSBC® 186/410 
BOARD 



80186 FIRMWARE 



CLUSTER 
CONTROLLER 



MULTIBUS® IPSB BUS 



280268-3 



Figure 2. Front-End Processor Application 



minal and serial I/O devices require flexible interfac- 
es, program code is often dynamically downloaded 
to the front-end processor from a system CPU. 
Downloading code requires sufficient memory space 
for protocol handling and program code. Flow con- 
trol and interrupt handling requirements need an effi- 
cient real time operating software environment to 
manage the hardware and software resources on 
the board. 

The iSBC 186/410 board features are designed to 
provide a high performance solution for front-end 
processor applications (see Figure 2). A large 
amount of memory is provided for dynamic storage 
of program code. Two serial channels (as well as 
four iSBX expansion serial channels) can be config- 
ured for links to mainframe systems, point-to-point 
terminals, modems or multi-drop designs and four 
serial channels are for terminal communication, 
asynchronous RS232C operation only. 



ARCHITECTURE 

The iSBC 186/410 MULTIBUS II Serial Communica- 
tions Computer consists of six major subsystem ar- 



eas: Processor, Serial I/O, Memory, General I/O, 
IPSB bus interface, and Interconnect (see Figure 3). 



Processor Subsystem 

80186 PROCESSOR 

The central processor unit on the iSBC 186/410 
board is Intel's 16-bit 8 MHz 80186 microprocessor. 
The highly integrated 80186 CPU combines several 
system components onto a single chip (I.e., two Di- 
rect Memory Access lines, three Interval Timers, 
Clock Generator, and Programmable Interrupt Con- 
troller). The 80186 instruction set is a superset of 
the 8086 and maintains object code compatibility 
while adding additional Instructions. 

This high performance component manages the 
board's multi-user, multi-protocol communications 
operations. Refer to the Microsystem Components 
Handbook, Order Number 230843-OOX, for more de- 
tailed information on the hardware operation and re- 
quirements of the 80186 microprocessor compo- 
nent. 
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DIRECT MEMORY ACCESS (DMA) FUNCTION 

The iSBC 186/410 board provides 13 channels of 
DMA to support serial I/O, iPSB interface, and/or 
iSBX bus transfer operations. The 80186 microproc- 
essor provides two DMA channels, the 82258 Ad- 
vanced (ADMA) controller supports three "direct" 
channels of DMA, and the ADMA multiplexer circuit 
uses the foLirth 82258 ADMA channel providing 
eight additional multiplexed DMA channels. The allo- 
cation of the board's DMA channels to on-board re- 
sources is listed in Table 1 . 



SERIAL I/O SUBSYSTEM 

Six serial interfaces are provided on the iSBC 
186/410 board: two interfaces support full asynchro- 
nous, byte-synchronous, and bit-synchronous 
(HDLC/SDLC) communication and four interfaces 
support asynchronous-only communication. The two 
RS422A configurable ports can also be tri-stated to 
allow multi-drop networks. The board's serial capa- 
bility can be expanded to 10 channels by adding two 
iSBX 354 Dual Channel Serial I/O MULTIMODULE 
boards. Each added iSBX 354 board uses an 



Table 1. ISBC® 186/410 Board DMA Channel Allocation 



Channel 
Count 


Channel 
Number 


DMA Configuration 
Local Bus Resource 


80186 


1 


DMA Channel 


0 


Half-Duplex High Speed Serial Interface (SCC1 Channel A) 
(-—High Density 15*Pin Connector) 


2 


DMA Channel 


1 


Full-Duplex Serial Interface (SCC1 Channel A) or SBX1 DMA Request 


82258 ADMA 


3 


DMA Channel 


0 


Input DMA from MFC (Message Fassing Coprocessor) 


4 


DMA Channel 


1 


Output DMA to MFC 


5 


DMA Channel 


2 


Half-Duplex High Speed Serial Interface (SCC1 Channel B) 
(—High Density 15-Fin Connector) or SBX1 DMA REQ 


DMA Channel 


3 


Full-Duplex High Speed Serial Interface (SCC1 Channel B) or 
INT2 DMA REQ from DMA Multiplexer 


DMA Multlplexer* 


6 


DMA Channel 


0 


Half-Duplex Serial Interface (SCC2 Chan. A, 9-pin conn.) 


7 


DMA Channel 


1 


Full-Duplex Serial Interface (SCC2 Chan. A) 


8 


DMA Channel 


2 


Half-Duplex Serial Interface (SCC2 Chan. B, 9-pin conn.) 


9 


DMA Channel 


3 


Full-Duplex Serial Interface (SCC2 Chan. B) or SBX1 DMA Request 
or Half-Duplex SCC1 Channel B. 


10 


DMA Channel 


4 


Half-Duplex Serial Interface (SCC3 Chan. A, 9-pin conn.) 


11 


DMA Channel 


5 


Full-Duplex Serial Interface (SCC3 Chan. A) or SBX2 DMA Request 


12 


DMA Channel 


6 


Half-Duplex Serial Interface (SCC3 Chan. B, 9-pin conn.) 


13 


DMA Channel 


7 


Full-Duplex Serial Interface (SCC3 Chan. B) or INT1 SBX1 for 
SBX344 



NOTE: 

"^ADMA Channel 3 is used to add the DMA Multiplexer. 
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82530 sec component to provide two independent 
full duplex serial channels configurable as either 
R$232C or RS422A interfaces. It also supports both 
asynchronous or programmable byte and bit syn- 
chronous (HDLC/SDLC) protocols. The HDLC/ 
SDLC interface is compatible with IBM system and 
terminal equipment and with CCITT's X.25 packet 
switching interface. 

Three 82630 Serial Communications Controllers 
(SCCs) provide six channels of half /full serial I/O. 
Two channels are configurable as either RS232C or 
RS422 on two high density 15-pin female D-shell 
connectors. Four more channels are RS232C-only 
using IBM standard 9-pin male D-shell connectors. 
AH six channels directly support the Data Terminal 
Equipment (DTE) configuration, with the Data Com- 
munication Equipment (DCE) pin-out supported by 
changes in the cable wiring. 

The 82530 component is designed to satisfy several 
serial communications requirements; asynchronous, 
byte-synchronous, and bit-synchronous (HDLC/ 



SDLC) modes. The increased capability at the serial 
controller pbint results in off-loading a CPU of tasks 
normally assigned to the CPU or its associated hard- 
ware. Configurability of the 82530 allows the user to 
configure it to handle all asynchronous data formats 
regardless of data size, number of start or stop bits, 
or parity requirements. An on-chip baud rate genera- 
tor allows independent baud rates on each channel. 



Memory Subsystem 

The iSBC 186/410 board's on-board memory sub- 
system consists of a large DRAM array and a set of 
universal memory sites. Access to the on-board 
memory subsystem resources, as well as off-board 
iPSB bus access, is accomplished by observing the 
iSBC 186/410 board memory map (see Figure 4). 
The mapping occurs within the 1 megabyte memory 
space of the 80186 microprocessor, and is split Into 
three main areas: DRAM reserved, iPSB window, 
and EPROM reserved. The first 0 to 51 2K bytes is 
always reserved for local DRAM, the next 128K or 



1024K 



186/410 
MEMORY 
MAP 



768K 



WINDOW MAY BE 
128K OR 256K 



640K-*- 



512K 



ON- 
BOARD 
EPROM 



JPSB _ 
WINDOW 




4 GBYTES 



BASE ADDRESS IS ANY MULTIPLE OF 128K 
' OR 256K (SIZE OF MULTIPLE = WINDOW SIZE) 



ON- 
BOARD 
DRAM 



0 I I i i 0 

280268-5 



Figure 4. iSBC® 186/410 Board Memory Map Diagram 
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256K bytes (or up to 768K) is the iSPB window, and 
the remaining 384K or 256K byte area is reserved 
for local EPROM. The iPSB window maps a 128K or 
256K byte local memory area into the 4 gigabyte 
global physical address range of the MULTIBUS II 
iPSB bus. This window is programmable and allows 
the 801 86 processor to access the complete 4 giga- 
byte memory space of the iPSB bus. 

The board's memory map also supports a 64K byte 
access window for I/O space between local and 
iPSB bus access. The 64K bytes of local I/O space 
is mapped 1-to-1 to the IPSB bus' 64K byte I/O 
space and is not programmable. The upper 32K 
bytes access the iPSB bus I/O space, and the lower 
32K bytes are reserved for local on-board I/O. 



DRAM CAPABILITIES 

The iSBC 186/410 board comes standard with a 
51 2K byte DRAM memory array on-board. 



EPROM MEMORY 

A total of four 28-pin JEDEC universal sites reside 
on the iSBC 186/410 board. These sockets support 
addition of byte-wide ROM and EPROM devices in 
densities from 8K bytes (2764) to 64K bytes (27512) 
per device. Two of the four sockets contain a pair of 
27812 EPROM devices installed at the factory(i). 
These devices contain 1 28K bytes of firmware pro- 
viding both the Host-to-controller download routine 
and the Built-in-Self -Test (BIST) power-up diagnos- 
tics routine. The remaining two sockets allow the 
user to add either two additional devices or an iSBC 
341 EPROM MULTIMODULE for a maximum of 
51 2K bytes. 

NOTE: 

(1) These devices may be removed by the user for 
access to the two 28-pin sites. 



General I/O Subsystem 

The I/O subsystem provides timers, interrupt control 
and two IEEE P959 iSBX connectors for I/O expan- 
sion or customization. 



PROGRAMMABLE TIMERS AND INTERRUPT 
CONTROL 

The 80186 microprocessor on the iSBC 186/410 
board provides three independent, fully programma- 
ble 16-bit interval timers/event counters for use by 
the systems designer to generate accurate time in- 



tervals under software control. The outputs may be 
independently routed to a PIC to count external 
events. The system software configures each timer 
independently and can read the contents of each 
counter at any time during system operation. 

In a MULTIBUS II system, external interrupts (inter- 
rupts originating from off-board) are Interrupt type 
messages over the iPSB bus rather than signals on 
individual lines. Interrupt type messages are handled 
by the bus interface logic, the MPC Message Pass- 
ing Coprocessor chip. The MPC component inter- 
rupts the 80186 processor via an 8259A Program- 
mable Interrupt Controller (PIC) indicating a mes- 
sage has been received. This means that 1 Interrupt 
line can handle interrupts from up to 255 sources. 

Two on-board 8259A PICs are used in a master- 
slave configuration for processing on-board inter- 
rupts. One of the interrupt lines handles the interrupt 
messages received from the iPSB bus. Table 2 in- 
cludes a list of devices and functions supported. 

iSBXTM BUS I/O EXPANSION 

Two 8/16-bit iSBX bus (IEEE P959) connectors are 
provided for modular, low-cost I/O expansion. The 
iSBC 186/410 board supports both 8-bit and 16-bit 
iSBX MULTIMODULEs through these mating, gas- 
tight pins and socket connectors. DMA is also sup- 
ported to the iSBX connectors and can be config- 
ured by programming the DMA multiplexor attached 
to the 82258 ADMA component. The ISBX connec- 
tors on the iSBC 186/410 board support a wide vari- 
ety of standard iSBX compatible boards from Intel 
and other independent vendors providing add-on 
functions such as, floppy control, Vi" tape control, 
bubble memory, parallel/serial I/O, BITBUStm inter- 
face, math, graphics, IEEE 488, and analog I/O. 
Custom iSBX module designs are also supported as 
per the IEEE P959 iSBX bus specification. 



IPSB Bus Interface Subsystem 

This subsystem's main component is the Message 
Passing Coprocessor chip. Subsystem services pro- 
vided by the MPC bus interface component include 
full message passing support and memory, I/O, and 
interconnect access to the iPSB bus by the 80186 
processor. The single-chip Message Passing Co- 
processor is a highly integrated CHMOS device im- 
plementing the full message passing protocol and 
performing all the arbitration, transfer, and exception 
cycle protocols specified in the MULTIBUS II Archi- 
tecture Specification Rev. C, Order Number 
146077. 
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Table 2. iSBC® 186/410 Board Interrupt Devices and Functions 



Device 


Function 


Interrupts 


iPSB Bus Interface (MPC) 


Message-Based interrupt Requests from the iPSB 

uuo via ivi~Vi/ iviooociyc? r ciooiiiy wv/iji Uwwooui 


1 interrupt for 
sources 


8751 Interconnect Controller 


interconnect Space 


1 


801 86 Timers & Interrupt 


Timers 0 and 1 and Interrupt Acknowledge 1 


3 




# 1 anri S9 nr SflC fnr Transmit 

Buffer Empty, Receive Buffer Full, and Channel 
Errors 


p 

c 


IPSB Bus Interface (MPC) 


Indicates Transmission Error on iPSB Bus 


1 


82258 ADMA 


DMA Transfer Complete 


1 


IEEE P969 iSBX Bus Connectors (2) 


Functions Determined by ISBX Bus 
MULTIMODULE Boards 


4 

(2/connector) 


IEEE P959 iSBX Bus Connectors (2) 


DMA Interrupt from iSBX (TDMA) 


2 



Interconnect Subsystem 

MULTIBUS II interconnect space is a standardized 
set of software configurable registers designed to 
hold and control board configuration information as 
well as system and board level diagnostics and test- 
ing information. Interconnect space is implemented 
with the 8751 microcontroller and the MPC silicon 
resident on the iSBC 186/410 board. 

The read-only registers store information such as 
board type, vendor I.D., firmware rev. level, etc. The 
software configurable registers are used for auto- 
software configurability and remote/local diagnos- 
tics and testing. 



Firmware Capability 

HOST/CONTROLLER SOFTWARE DOWNLOAD 
ROUTINE 

Resident in ROM on this controller is a host-to-con- 
troller software download routine to support the 
downloading of communication firmware into the 
iSBC 186/410 Serial Communication Computer. 
This loader adheres to the MULTIBUS II Download 
Protocol and responds to commands issued by soft- 
ware running on a host CPU board. The host CPU 
passes these commands to the loader via registers 
defined In the board's interconnect space. A down- 
load function, a commence execution function, and 
an examine local memory function are all provided in 
the routine. Data transfers are supported by both 
shared memory systems and message based sys- 
tems. The top 1 K of DRAM on the board is reserved 



for the exclusive use of the download program. Host 
CPUs must not oven/vrite this area with download 
commands. 

Software on the host is responsible for accessing 
the iSBC 186/410 board's firmware on disk or from 
ROM visible to the host and translating it into linear 
sequences of bytes suitable for downloading (see 
Figure 5). After downloading the firmware, the host 
issues a command for the loader routine on the con- 
troller to begin execution of the downloaded soft- 
ware. 



BUILT-IN SELF-TEST DIAGNOSTICS 

On-board built-in self-test (BIST) diagnostics provide 
a customer confidence test of the various functional 
areas on the iSBC 186/410 board. The initialization 
checks are performed by the 8751 microcontroller, 
while the BIST package is executed by the 80186 
microprocessor. On-board tests included in the BIST 
package are: DRAM, EPROM, 80186, 82530 SCCs, 
and the MPC. 

Additional activities performed include initialization 
at power-up using the Initialization and Diagnostics 
Executive and a program table check, a feature al- 
lowing users to add custom code in EPROM while 
still maintaining full use of factory supplied BISTs. 
Immediately after power-up and initialization of the 
8751 microcontroller, the 80186 microprocessor be- 
gins its own initialization and on-board diagnostics. 
Upon successful completion of these activities, the 
initialization and Diagnostics Executive invokes the 
user-defined program table. A check Is made of the 
program table which then executes user-defined 
custom programs. 
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IPSB BUS 
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Figure 5. Download Routine 



The BIST package provides a valuable testing, error 
reporting and recovery capability on MULTIBUS II 
boards enabling the OEM to reduce manufacturing 
and maintenance costs. An LED on the board's front 
panel indicates the status of power-up diagnostics. It 
is on when BIST diagnostics start running and is 
turned off upon successful completion of the BISTs. 



SPECIFICATIONS 
Word Size 

Instruction: 8-, 16-, 24-, 32-, 40-, or 48-bits 
Data: 8- or 16-bits 

System Clock 

CPU: 8.0 MHz 

Cycle Time 

Basic Instruction: 8.0 MHz— -500 ns 



NOTE: 

Basic instruction cycle is defined as the fastest in- 
struction time (i.e., 4 clock cycles). 



lUlemory Capacity 
Local l\/lemory 

DRAM— 51 2K bytes on-board (64K x 4-bit devices); 
8 sockets provided to support additional 256K bytes 

EPROM— Number of sockets— four 28-pin JEDEC 
sites 



EPROIVI 


Device Size 
(Bytes) 


Max. Memory 
Capacity 


2764 


8K 


32K bytes 


27128 


16K 


64K bytes 


27256 


32K 


128K bytes 


27512 


64K 


256K bytes 



NOTE: 

** EPROM Expansion to up to a maximum of 51 2K bytes is 
achieved via attachment of the iSBC 341 EPROM (256K 
byte) MULTIMODULE board. 



I/O Capability 

Serial — Six programmable serial channels using 
three 82530 Serial Communications Controller com- 
ponents. 
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I/O Expansion— Two 8/16-bit IEEE P959 iSBX con- 
nectors (DMA supported). (The board supports ei- 
ther two single wide or one double-wide form factor 
iSBX module(s).) 

Timers— Three programmable timers on the 80186 
microprocessor. 

Input Frequencies— Frequencies supplied by the in- 
ternal 80186 16 MHz crystal; 82530 SCCs: crystal 
driven at 9.8304 MHz div. by two; ISBX Connector: 
crystal driven at 9.8304 MHz. 



Serial Communications Characteristics 

Synchronous — Internal or external character syn- 
chronization on one or two synchronous characters. 

Asynchronous— 5— 8 data bits and 1 , 1 or 2 stop 
bits per character; programmable clock factor; break 
detection and generation; parity, overrun, and fram- 
ing error detection. 



Baud Rates 



Synchronous XI Clock 


(Channels 0, 1) 


Baud Rate 


82530 Count Value 


(Decimal) 


64000 


36 


48000 


49 


19200 


126 


9600 


254 


4800 


510 


2400 


1022 


1800 ^ 


1363 


1200 


2046 


300 


8190 


Asynchronous X16 Clock 


(Channels 0-5) 


Baud Rate 


82530 Count Value 




(Decimal) 


19200 


6 


9600 


14 


4800 


30 


2400 


62 


1800 


83 


1200 


126 


300 


510 


110 


1394 



Serial Signals/Pin-Outs 

RS232C Interface Pin Assignment for High Density 15-Pin Connectors 



J2 
Pin 


RS-232C Pin 
Number 


RS-232C Signal 
Name 


RS-232C Signal Function 


1 


1 


TXD 


Transmit Data 


2 


2 


RTS 


Request To Send 


3 


3 


RXD 


Receive Data 


4 


4 


CTS 


Clear To Send 


5 


5 


RXC 


Receive Clock 


6 


6 


DSS 


Data Signal Select 


7 


7 


DTP 


Data Terminal Ready 


8 


8 


DSR 


Data Set Ready 


9 


9 


DCD 


Carrier Detect 


10 


10 


STXC 


Transmit Clock 


11 


11 


SGD 


Signal Ground 


12 


12 


LCLPBK 


Local Loopback 


13 


13 


RMLPBK 


Remote Loopback 


14 


14 


TSTMD 


Test Mode Indicator 


15 


15 


RNG 


Not Supported 
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RS422A Interface Pin Assignment for High Density 15-Pin Connectors 



J1 
Pin 


«9iyiicii noitiv 
An Roflrfl 


Name 


RS-422A Signal Function 


1 


RS42211 


TR(a) 


Transmit Data 


2 




(a) 


Control 


3 


RS4229 


RD(a) 


Receive Data 


4 




(a) 


Indication 


5 




(a) 


Signal Timing 


6 


RS42212 


TR(b) 


Transmit Data 


7 




(b) 


Control 


o 

O 


no42290 


HU (D) 


Receive Data 


9 




(b) 


Indication 


10 




(b) 


Signal Timing 


11 






Signal Ground 


12 






Not Used 


13 






Not Used 


14 






Not Used 


15 






Chassis Ground 



NOTE: 

The iSBC® 186/40 board does not support the unused signals. 



RS232C Interface Pin Assignment for IBM® Compatible 9-Pin Connectors 



Pin Number 


Signal Name 


Function 


In/Out 


1 


CD 


Carrier Detect 


_ In 


2 


RXD 


Received Data 


In 


3 


TXD 


Transmit Data 


Out 


4 


DTR 


Data Terminal Ready 


Out 


5 


SG 


Signal Ground 




6 


DSR 


Data Set Ready 


In 


7 


RTS 


Request To Send 


Out 


8 


CTS 


Clear To Send 


In 


9 


Rl 


Ring Indicator 


Not Supported 



Interrupt Capability 

Potential Interrupt Sources from iPSB Bus— 255 in- 
dividual and 1 Broadcast 

Interrupt Levels— 12 vectored requests using two 
8259As and 1 input to the master PIC from the slave 
PIC 

Interrupt Requests— All levels TTL compatible 



lnterface$ 

iPSB Bus— Compliance Level RQA/RPA D16M32 



Connectors 



Interface 


Connector 


Part# 


iPSB 


96-pin DIN, right 


603-2-IEC-C096-F 


bus (P1) 


angle female 




RS232C/ 


1 5-pin high density, 




RS422A 


D type, right 






angle female 






(see note) 




RS232C- 


9-pin IBM compat- 




only 


ible, D type, right 






angle male (see 






note) 





iSBX Bus— Compliance Level D8/16 DMA 

Serial 1/0—2 ch. RS232C or RS422A compatible, 
configured DTE only; 4 ch. RS232C IBM compatible 
only, configured DTE only. 



NOTE: 

The manufacturers below provide connectors which 
will mate with the connectors supplied on the iSBC 
186/410 board front-panel. 
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Mating Connectors, Shells and Cables 



Connectors and Shells 


Manufacturer 


Pins 


Part No. 


High Density D-type Plug (male) 
High Density D-type Plug (male) 
D-type Receptacle (female) 
D-type Receptacle (female) 
Connector Shells 


AMP 

Positronic 
AMP 

ITT-Cannon 
AMP 

ITT-Cannon 

3M/ 


15 
15 

9 

9 

(For 1 5 or 
9-pin connect, 
above). 


204501-1 

DD-15M 

205203-3 

DE-9S 

7451 71 -X 

DE-51218 

358-2100 


Cable Description 


Manufacturer 


Part No. 


1 5 Conductor— Shield, Round 
1 5 Conductor — Shield, Round 
1 0 Conductor— Shield, Round 
9 Conductor — Shield, Round 


Alpha 
Beldon 
Alpha 
Beldon 


5120/15 
9541 
5120/10 
9539 



NOTE: 

All cable referenced Is available in 1 00 ft. minimum lengths. 

PHYSICAL DIMENSIONS 

The iSBC 186/410 board meets all MULTIBUS II 
mechanical specifications as presented in the 
MULTIBUS II Architecture Specification Handbook 
(#146077, Rev. C) 

Eurocard Form Factor 

Depth: 220 mm (8.7 inches) 

Height: 233 mm (9.2 inches) 

Front Panel Width: 20 mm (0.76 inches) 

Weight: 822 gm (29 ounces) 

ENVIRONMENTAL 
CHARACTERISTICS 



Temperature 

Inlet air at 200 LFM airflow over all boards 
Non-operating: -40'*C to +75''C 
Operating: 0** to +55^C 



Humidity 

Non-operating-— 95% Relative Humidity @ +55°C, 
non-condensing 

Operating— 90% Relative Humidity @ +55*C, non- 
condensing 



ELECTRICAL CHARACTERISTICS 

The maximum power required per voltage is shown 
below. 



Voltage 


Max. Current 


Max. Power 


(volts) 


(amps) 


(watts) 


+ 5V 


8.22A 


43.1 6W 


+ 12V 


150 mA 


1.89W 


-12V 


150 mA 


1.89W 



REFERENCE MANUALS 

ISBC 186/410 Serial Communications Computer Us- 
er's Guide (#148941-001) 

Intel MULTIBUS II Architecture Specification Hand- 
book (#146077) 

Manuals may be ordered from any Intel Sales Rep- 
resentative, Distribution Office, or from the Intel Lit- 
erature Department, 3065 Bowers Avenue, Santa 
Clara. CA 95051. 



ORDERING INFORMATION 

Part Number Description 

ISBC 186/410 MULTIBUS II Serial Communica- 
tions Computer 
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DOMESTIC SALES OFFICES 



Sitol Corp. 
15BradtoniDr.,#2 
Huntsvilto 35805 
Tel:(205)83(M010 



tints) Corp. 
11226 N.&th Dr. 
Suite D-214 



Tal:(602)88MOeO 

tlirtal Corp. 
1161 N.ElDoradoPU 
Sult»301 
Tucson 85716 
Tel: (602) 299^16 

CAUFORNIA 



(818)704-8600 
tintet Corp. 

2250 E. imperial Highway 
Suite 218 

jundo 90245 
3)6404040 



EISegun« 
Tel:]?13) 

tintet Corp. 



Tel: (916) 9204096 

tIntelCorp. 

4350 Executive Drive 

Suite 105 

San DIeao 92121 

Tel:(61fl^46,'-"" 



Santa Ana 92705 
Tel: (714) 835-9642 
TViK: 916-596-1114 



8ahTomas4 

2700 San Tomas Expressway 

2nd Floor 

Santa Clara 95061 

Tel: (408) 986-8086 

TMi: 9104384256 

FAX: 408-727-2620 



tintet Corp. 
4445 NorHiparlt Drive 
Suite 100 




tintet Corp. 
6383 N.W. 6th Way, 8i 
FtUuderdale3^ 
Tel: (306) 771-0600 
TWX: 610-956-9407 
FAX: 305-772-8193 



5850 T.G. Lee Blvd. 
Suite 340 
Orlando 32822 
Tet: (407) 240-8000 
FAX:4()/-2404097 

tintet Corp. 
113004th Street North 
Suite 170 

St. Petersbura 33716 
Tet: (813) 577^2413 
FAX: 813478-1607 



Suite 200 
Norcross 30U8Z 
Tet: (404) 449-0541 



tintet Corp.* 

300 N. Martlngele Road. Suite 400 
Sohaumlxirg eOl 73 
I*(3?2)e&4W1 



t inte t Corp. 
8777 Purdue 
Suite 125 
indianapplis 
Tel: (317) 871 



Intel Corp 

1930 St. Andrews Drive N.E 
2nd Floor 

Cedar Rapids 52402 
Tel: (319) 393-5610 



tintet Corp. 
10985 Cody St 
Suite 140, Bldg. D 
Overland Park 66210 
Tel: (913) 345-2727 



jr 21076 

Tel: (301) 796-7600 
TVM: 710462-1944 



tintet Corp.* 
Westfbrd Corp. Center 
3CariisleR08d 




tintet Corp.* 

Parkway 109 Office Center 
328 Newman Springs Road 
Rsd Bank 07701 
Tel: (201) 747-2233 

tintet Corp. 

280 Corporate Center 

75 Livingston Avenue 



FAX: 201-7404626 



8600 Menaul Boulevard N.E. 
SulteB295 

rque 87112 



Albuquerque 87 
Tel:(i05)]2%-8 



13905 
7734337 
■723-2877 



tintet Corp.* 
850 Cross Keys 0 
rt14460 



Tel: (716) 

tHK: 510463-7391 

tintel Corp.* 

2960 Expressway Dr., South 
Suite 130 
istandla 11722 
Tet: (516) 231-3300 
TVW<: 510-227-6238 

tintel Corp. 

Westms Business Center 
BWgiloO.RouteO 
Fishkm 12524 
Tel: (914) 897-3860 
FAX: 914-8974125 



tintel Corp. 

5800 Executive Center Dr. 
Suite 106 
Chariotte 28212 

Tel: (704) f 

FAX:7r • 



tintel Corp. 
2700W^diffRi 
Suite 1(» 



tintet Corp.* 
3401 Park Center Drive 
Suits 220 
Davton 45414 

890-5350 



TWX:8ll 
tintel C«p.* 

25700 Science Park Dr., Suite 100 
Beaohwood 44122 
Tel: (216) 464-2736 
TV(K:81(M27-9298 

OKUHOMA 



tInteK 
6801 ti 



tintel Corp. 
15254 N.W. 
Bunding B 
Beavaifon 97006 
Tel: (503) 646-8051 
TVM: 910^7-8741 

PeNNSYLVANIA 

tintel Corp.* 

455 Pennsylvania Avenue 
Suite230 

Fort Washington 19034 
Tel: (215) 641-1000 
TVnC 510461-2077 

Intel Corp.* 
400PennC« 
Pittsburgh 1( — 
Tet: (412) 823-4970 



tintet Microprocessor Corp. 
South Industrial Pari( 
P.O. Box 910 
Las Pledras 00671 
Tel: (809) 7334816 



TEXAS 

tintet Corp. 
il3E. ^-^ 



12000 Ford Road 



Tel: (214) 241-8087 
FAX: 214484-1180 

tintel Corp.* 
7322 S.W. Freeway 
Suite 1490 
Houston 77074 
Tel: (713) 9884086 
TVm: 910481-2490 

UTAH 

tintet Corp. 
428 East 6400 South 
Suite 104 
Murray 841 07 
Tel: (801) 2634051 



1504 Santa Rosa Road 
Suite 108 
Rtehmond 23288 
Tel: (804) 282-6668 



tintet Corp. 
156 108th Avenue N.E 
Suite 386 
Bellevue 98004 
Tel: (206) 4534086 
TVM: 910-4434002 

tintet Corp. 
408 N. Multan Road 
Suite 102 
Spokane 89206 
Tel: (609) 9284086 



tintet Corp. 
330 S. Executive Dr. 
Suite 102 
Brookfiekl 63006 
Tel: (414) 764-8087 
FAX: (414)796-2116 

CANADA 



Intel Semkionductor of Canada, Ltd. 
4686 Canada Way, Suite 202 
BumabyVSQ4L6 
Tel: (60^)2984387 
FAX: (604) 2984234 

ONTARIO 



Ottawa K2B8H6 
Tel: (613) 8294714 
TLX; 05SUl15 



RexdaieM9W6H8 
Tel: (416) 675-2105 
TU: 00983674 
FAX: (416) 



tintel Semkionductor of Canada, Ltd. 
620 St. John Boulevard 
Pdnte Claire H9R3K2 



rSales and Service Office 



tSalei 
^FleM 
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DOMESTIC DISTRIBUTORS 



Arrow Electronics, Inc. 
1015 Henderson Road 
Huntsvllle 35805 
Tel: (205) 837-6955 

illton/AvnetElec. 
Research Drive 
135805 
,837-7210 
8lb-726-2162 

Pkmeer/Technologies Group, In 
4825 University Square 
Huntsvllle 35805 
- (205) 837-9300 
<: 810-726-2197 

ARIZONA 



... 1 Madison Drive 
Tempe 65281 
Tel: |802) 231-5140 
TVW<: 910-960-0077 

Hamllton/Avnet Electronics 
30 South McKlemy 
Chandler 85226 
Tel: (602) 961-6669 
fWi 910-950-0077 



Tel: (602) 437-0750 
mX- 910-951-1550 

strlbutlon Groi . 
i. Blacl( Canyon Hwy. 

(85023 

Tel: (602) 249-2232 
TVW(: 910-951-4282 

CALIFORNIA 

Arrow Electronics, Inc 
10824 Hope Street 
Cypress 90630 
Ter(714)2r- - 



Arrow Electronics, Inc 
19748 Dearborn Street 
Chatsworth 91311 
Tel: (213) 701-7500 
■mi. 910-493-2086 

SArow Electronics, Inc. 
21 Weddell Drive 
Sunnyvale 94086 
Tel. (408) 745-6600 
TYK: 910-339-9371 

Arrow Electronics, Inc. 
9511 RIdgehaven Court 
San Dieoo 92123 
Tel: (619) 565-4800 



tArrow Electronics, Inc 
2961 Dow Avenue 
Tustin 92680 
Tel. (714)838-5422 
TVW. 910-595-2860 

tAvnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel: (714)754-6071 
TVWC- 910-595-1928 

tHamilton/Avnet Electronics 
11 75 Bordeaux Drive 
Sunnyvale 94086 
Tel: (408) 743-3300 
TV»(. 910-339-9332 

tHamllton/Avnet Electronics 
4545 Ridgeview Avenue 
San Diego 92123 
Tel: (61ffi 571-7500 



...0 Desoto Avenue 
Chatsworth 91311 
Tel: (818)700-1161 

tHamliton Electro Sales 
10950 W Washington Blvd 
Culver City 20230 
Tel. (213) 558-2458 
TWX- 910-340-6364 

Hamilton Electro Sales 
1361B West 190th Street 
Qardena 90248 
Tel: (213) 217-6700 

milton/Av 
..2'G'Stre, 
Ontario 91 761 
Tel: (71 4) 989-9411 

tAvnet Electronics 
20501 Plummer 
Chatsworth 91351 
Tel. (213) 700-6271 
TW<: 910-494-2207 



CALIFORNIA (Cont'd.) 

tHamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4150 
TW(: 910-595-2638 

tHamilton/Avnet Electronics 
4103 Northgate Blvd. 
Sacramento 95834 
Tel- (916) 920-3150 

VVyle Distribution Group 
124 Maryland Street 
El Segundo 90254 
Tel: (213) 322-8100 

Wyle Distribution Group 
7332 Lampson Ave 
Garden Grove 92641 
Tel. (714) 891-1717 
TWC: 910-348-7140 or 7111 

Wyle Distribution Group 
11151 Sun Center Drive 
Rancho Cordova 95670 
Tel. (916) 6r 



tWyle Distribution Group 
9525 Chesapealce Drive 
San Diego 92123 
Tel. (61^565-9171 
TWX- 910-335-1590 

tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727-2500 
TWX 910-" 



'2 Cowan Avenue 

Irvine 92714 

Tel: (714) 863-9953 

TWX 910-595-1572 

Wyle Distribution Group 
26677 W Afloura Rd. 
91302 



<. 372-0 

COLORADO 

Arrow Electronics, Inc 
7060 South Tucson Way 
Englewood80112 
Ter (303) 790-4444 

tHamilton/Avnet Electronic 
8765 E. Orchard Road 
Suite 708 
Englewood80111 
TeF (303)740-1017 
TVifX. 910-935-0787 



...I'E 124th Avenue 
Thornton 80241 
- "3)457-9953 



CONNECTICUT 



Hamllton/Avnet Electronics 
Commerce Industrial Parle 
Commerce Drive 
Danbury 06810 
Tel: (203) 797-2800 
TVW(- 710-456-9974 



2 Main Street 
Norwalk 06851 
Tel (203)853-1515 
TWX. 710-468-3373 



10 Fairway Drive 
Suite 102 

Deerfield Beach 33441 



Arrow Electronics, Inc. 
37 Skyline Drive 
Suite 3101 
Lake Marv 32746 
Tel. (407) 323-0252 
TVW< 510-959-6337 

tHamilton/Avnet Electronics 
6801 NW 15th Way 
Ft Lauderdale 33309 
Tel: (305) 971 -2900 
- -( 510-956-3097 



Tel: (30 
TVW( 5 

tHamilton/Avnet Electronics 
3197 Tech Drive North 
St Petersburg 33702 
Tel: (813) 576-3930 
TWX 810-863-0374 



FLORIDA (Cont'd.) 

tHamilton/Avndt Electronics 
6947 Universitv Boulevard 
Winter Park 3: 
Tel: ■ 



^81( 

tPioneer/Technologies Group, Inc. 
337 S Lake Blvd 
Alta Monte Springs 32701 
Tel: (407) f 
TVW<:810- 



Pioneer/Technologies Group, 
674 S. Military Trail 
Deerfield Beach 334 " 
Tel: (305) 428-8877 
TWX:510-r 



), Inc 



tArrow Electrontos, Inc. 



Pioneer/Technologies Group, Inc 
3100 F Northwoods Place 
Norcross 30071 



Arrow Electronics, Inc. 
1140W Thorndale 
Itasca 60143 
Tel: (312) 250-0500 
TWX: 312-250-0916 

-(-Hamilton/Avnet Electronics 
1 130 Thorndale Avenue 
Bensenvllle60106 



1100W Thorndale 

Itasca 60143 

Tel: (312) 773-2300 



Elk Grove Village 60007 
Tel: (312) 437-9680 
TW<: 910-222-1834 



tArrow Electronics, Inc 
2495 Directors Row, Suite H 
Indianapolis 46241 
Tel: (317) 243-9353 
TW(- 810-341-3119 



le Drive 

Carmel 46032 
Tel. (317) 844-9333 
7W<- 810-260-3966 



Hamilton/Avnet Electronics 
91 5 33rd Avenue, SW 
Cedar Rdpids 52404 
Tel- (31 9) 362-4757 



Arrow Electronics 
8208 Melrose Dr , Suite 210 
Lenexa 66214 
Tel (913)541-9542 

tHamilton/Avnet Electronics 
9219 Quivers Road 
Overland Park 66215 



Pioneer/Tec Gr 
10551 Lockman Rd 
Lenexa 66215 
Tel: (913) 492-0500 



Hamilton/Avnet Electronics 
1051 D. Newton Park 
Lexington 40511 
Tel- (606) 259-1475 



MARYLAND 

Arrow Electronics, Inc. 
8300 Guilford Drive 
Suite H, River Center 
Coiumbia 21046 
Tel: (301) 995-0003 

^w(■.7^b■2S 



6822 Oak Hall Lane 
Columbia 21045 
Tel: (301)995-3500 
7VW(: 710-862-1861 



Tel: (301) 290-8150 
TV»<: 710-828-9702 

tPioneer/Technologies Group, li 
9100 Galther Road 
Gaithersburg 20877 
Tel. (301) 921-0660 
TWX: 710-828-0545 

MASSACHUSETTS 

Arrow Electronics, Inc 
25 Upton Dr. 
Wilmington 01887 
Tel. (6-17) 935-5134 

tHamilton/Avnet Electronics 
10D Centennial Drive 
Peabody 01960 
Tel. (617) 531-7430 
TWX- 710-393-0382 

MTI Systems Sales 
83 Cambridge St. 
Burlington (flSIS 

Pioneer Electronics 
44 Hartwell Avenue 
Lexington 02173 
Tel. (617) 861-9200 
TW)<: 710-326-6617 

MICHIQAN 

Arrow Electronics, In6 
755 Phoenix Drive 
Ann Arbor 48104 
Tel- (313) 971-8220 
TWX- 81 0-2? 



2215 2 

Space A5 
Grand Rapids 49508 



Pioneer Electronics 
4504 Broadmoor S.E 
Grand Rapids 49508 
FAX: 616-698-1831 

tHamilton/Avnet Electronics 
32487 Schoolcraft Road 
Livonia 48150 



tPioneer/Mlchlgan 
13485 Stamford 
Livonia 481 50 
Tel (313)525-1800 
TWX: 810-242-3271 

MINNESOTA 



tHamilton/Avnet Electronics 
12400 Whitewater Drive 
Minnetonka 55434 
Tel- (612) or 



tPtone 
7625 G 



7625 Golden Triange Dr. 
Suite G 
Eden Prairi 55343 
Tel: (612) 944-3355 



tArrow Electronics. Inc 
2380 Schuetz 
St Louis 63141 



Tel (314) 5 
TWX: 91 0-: 



764-0882 

tHamilton/Avnet Electronics 
13743 Shoreline Court 
Earth City 63045 
Tel (314)344-1200 
TWX 910-762-0684 



Tel- (603) 6 
TWX: 710-S 

tHamilton/Avnet Electronics 
444 E. industrial Drive 



tHamilton/Avnet Electronics 
1 Keystone Ave., BIdg. 36 
Hill 08003 
)M24-0110 



SMTI Systems Sales 
7 Kulick Rd. 
Fairfield 07006 
Tel: (201) 227-5552 



TWX- 710-734-4382 

NEW MEXICO 

Alliance Electronics Inc 
11030Cochiti S.E 
Albuquerque 87123 
Tel- (505)292-3360 
TWX: 910-989-1151 



Tel (716)275-0300 
TWX: 510-253-4766 

Arrow Electronics, Inc. 
20 Oser Avenue 
Hauppauge 11788 
Tel- (516) 231-1000 
TWX: 510-227-6623 



Hauppauge 11 788 
Tel (516)231-9800 
TWX. 510-224-6166 

tHamilton/Avnet Electronics 
d3i3 Metro Park 
Rochester 14623 



tHamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse 13206 
Tel- (315) 437-0288 
TWX: 710-541-1560 



Port Washington 11050 
Tel: (516) 621-6200 

tPioneer Electronics 
68 Corporate Drive 
Binghamton 13904 
Tel:(607)72r"''"- 
TVi^ 510-26 



40 Oser Avenue 
Hauppauge 11787 
Tel: (516) 231-9200 



tMicrocomputer System Technical Distributor Center 
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DOMESTIC DISTRIBUTORS (Cont'd.) 



tPloneer Electronics 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 
TW(- 510-221-2184 



TWX:5lb-2«3-7001 

NORTH CAROUNA 

tArrow Electronics, Inc. 
5240 Qreensdairy Road 
Raleigh 27604 
Tel: (919) 876-3132 



tHamllton/Avnet Electronics 
telOISp^n^orestDrtve 



Pioneer/Technologies Group, Inc 
9801 A-Southem Pine Blvd 
Charlotte 28210 
Tel: (919) 527-8188 
TWX: 810^21-0366 



Tel. (513)435-5563 
TVM- 810-459-1611 

tAn'ow Electronics, Inc. 
^38 Cochran Road 
Solon 44139 
Tel: (216) 248-3990 
TMi: 810-427-9409 



tHamilton/A< 
954 Senate Drive 
Dayton 45459 
Tel: (513) 439-6733 
TWt. 810-450-2531 

Hamllton/Avnet Electronics 
4588 Emery Industrial Pkvyy. 
Warrensvlito Heights 44128 
Tel- (216) 349-5100 
TWX- 810-427-9452 



eBivd 

81 

Tel: (614) 882-7004 



tPione.. 

4433 Interpoint Boulevard 
Dayton 45424 
Tel. (513) 236-9900 
TyW- 810-459-1622 



tPione 

4800 E. 131st Street 
Cleveland 44105 
Tel: (216) 587-3600 
TVW(- 810-422-2211 



Arrow Electronics, inc. 

1211 E. 51st Street 

Suite 101 

Tulsa 74146 

Tel: (918) 252-7537 

tHamliton/Avnet Electronics 
12121 E. 51st St. Suite 102A 
Tuisa 74146 
Tel- (918) 252-7297 



tAlmac Electronics Corp. 
1885 NW. 169th Place 
Beaverton 97005 
Tel- (503) 629-8090 
TWX 910-487-8746 



tHamllton/Av 
6024 S.W. Je 



kvnet Electronics 



Tel: (503) 635-7848 
TVW: 910-455-8179 

Wyie Distribution Group 

5250 N.E. Elam Young Parkway 

Suite 600 

o 97124 



Tel: (503) 640-6000 
TWi. 91CM60-2203 

PENNSYLVANIA 

Arrow Electronics, Inc 



Hamiiton/Avnet Electronics 
2800 Liberty Ave. 
Pittsburgh 15238 
Tel- (412) 281-4150 

Pioneer Electronics 
259 Kappa Drive 
Pittsburah 15238 
Tel- (412) 782-2300 
TWX 710-795-3122 

tPioneer/Technoiogies Group, inc 

Delaware Valley 

261 Qibraiter Road 

Horsham 19044 

TeL (215) 674-4000 

TWX. 510-865-6778 



tArrow Electronics, inc 
3220 Commander Drive 
Carrollton 75006 
- '») 380-6464 



Tel- (214) 
TWX: 91( 



10899 KInghurst 
Suite 100 
Houston 77099 
Tel- (713) 530-4700 
TWX- 910-880-4439 

tArrow Electronics, Inc. 
2227 W BrakerLane 
Austin 78758 
Tel: (512) 835-4180 
TVW(- 910-874-1348 



Tel: pi4) 550-6111 
TVi^: 910-860-5929 

tHamliton/Avnet Electronics 
4850 Wright Rd., Suite 190 
Stafford 77477 
Tel: (713)240-7733 
TWX 910-881-5623 



Tel: (512) 835-4000 
TW(: 910-874-1323 

tPloneer Electronics 
13710 Omega Road 
Dallas 752M 
Tel- (214) 386-7300 
TVM- 910-850-5563 



Tel: (713) 988-55 
TWC. 910-881-11 



. 0 Greenville Avenue 
Rtehardson 75081 
Tel (214) 2r 



Wyie Distribution Group 
1325 West 2200 South 
Suite E 

West Valley 841 19 
Tel- (801) 974-9953 

WASHINGTON 



Tel: (206) 643-9992 
TWX- 910-444-2067 

Arrow Electronics, Inc 
19540 68th Ave. South 
Kent 98032 
Tel- (206) 575-4420 

T/Avnet Elec- _ 
21st Street 
Bellevue 98005 
Tel: (206) 643-3950 
TW«- 910-443-2469 

vyyie Distribution Group 
1S385 N E 90th Street 
Redmond 98052 
Tel: (206) 881-1150 



TW)(: 916-262-1193 

Hamllton/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel: (414) 784-4510 
TVm: 910-262-1182 

CANADA 



Hamllton/Avnet Electronics 
2816 21st Street N.E 
CalgarvT2E6Z3 



Calgary T 
Tei:(4()3) 
TV»(:03-( 



<: 03-827-642 

Zentronics 
Bay No 1 

33()0 14th Avenue N.E 
CalgaiyT2A6J4 
Tel: (403) 272-1021 



'Avnet Electronics 
indary 



fHamliton/Avn 
105-2550 Boui 
Burmalay V5M 3Z3 
Tel (604)437-6667 

Zentronics 

108-11400 Bridgeport Ro 
Rtehmondvexm 
Tel: (604) 273-5575 
■mi 04-5077-89 

MANITOBA 

Zentronics 

60-1313 Border Unit 60 
Winnipeg R3H 0X4 
Tel. (20? 694-1957 

ONTARIO 

Arrow Electronics, Inc. 
36 Antares Dr. 
NepeanK2E7W5 



Nepean K 
TeL(613) 



MississaugaL5T1M4 
Tel. (416) 673-7769 
TW<: 06-218213 

tHamilton/Avnet Electronics 
6845 Rexwood Road 
Units 3-4-5 
Missis8augaL4T1R2 
Tel: (416) 677-7432 
TW^: 610-492-8867 

Hamiiton/Avnet Electronics 
6845 Rexwood Road 
Unite 

iVIIS8issaugaL4T1R2 
Tel: (416) 277-0484 



ONTARIO (Cont'd.) 

tHamliton/Avnet Electronics 
190 Cokmnade Road South 
Nepean K2E7L5 
Teh (613) 226-1700 
mX: 05-349-71 

tZentronics 
8 Tilbury Court 
Brampton LOT 3T4 
Tei: (416) 461-9600 
mx. 06^976-78 



tZent 
155 Colonnade Road 
Unit 17 



Zentronics 
60-1313 Border St. 
Winnipeg R3H 014 
Tel- (204) 694-7957 



Montreal H4P 1W1 
Tel: (514) 735-5511 



Arrow Electronics, inc. 
909 Charest Blvd. 
Quebec J1N2C9 



Hamiiton/Avnet Electronics 

2795 Haipern 

St. Laurent H2E 7K1 



Zentronics 
817 McCaffrey 
St Laurent H4T1M3 
Tel- (514) 737-9700 
TWX. 05-82 



Tel: (512) 837-8911 
TWX. 910-874-1319 



tMicrocomputer System Technical Distributor Center 
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EUROPEAN SALES OFFICES 



Qlent»vei61.3rdFk>or 
2400 Copenhagen NV 
Teh (45^1) 1980 33 




4,CkjalclesEtroits 
69321 Lyon Cedex 05 
Tel: (^(1^78 42 40 89 



8016 Feldkirchen bel Muenchen 
Tel: (49) 089/90992-0 
TLX: 6-23177 
FAX: 904-3948 



Abraham Uncoln Strasse 16-18 



Zettaohring 10A 
70008tutSart80 
Tel: (49) 071 1/72871 
TLX:7-2r'"-*' 



AUdim Industrial Park-Neve Sharet 
P.O. Box 43202 
Tel-AvIv 61430 



Marten Meesweg 93 
3068 AV Rotterdam 
Tel- (31) 10407 11.11 
TU- 22283 



Hvamvelen 4-PO Box 9, 
2013 Skjetten 



Zurtiaran, 28 
28010 Madrid 
Tel: (34J 41 0 40 04 
TU: 46880 



1713eSolna 

Tel: (46) 8 734 01 00 

TLX: 12261 



8185 Winket-Ruetl bel Zuerich 
Tel: (41) 01/860 62 62 
TU: 825977 



. Way 
Swindon, Wiltshire 



EUROPEAN DISTRIBUTORS/REPRESENTATIVES 



Bacher Etoctronlcs G.m.b.H. 
Rotsnmudhlgasse 28 
1120Wlen 

Tel: (4| ^2) 83 56 46-0 



Inetco Belgium S.A. 

Av.des Croix deQuerre 94 

1120Bruxelle8 

Oorlogskrulseniaan, 94 

1120Brus8el 

Tel: (^^) 21 6 01 60 



ITT-Multlkomponent 
N8verland29 
2600 Gk)8trup 
Tel: (^^2 45 66 46 



OYFIntronteAB 
Meikonkatu24A 
00210 Helsinki 



Electronic 2000 AO 
Stahlgrubening 12 
8000Muenchen82 
T^(49)M9/42001-0 

ITT 



Mn|onentG 



7141 Moegiingen 
Tel: (49) 07141/487 
TU: 7264472 



11/608-0 
I la: '*^o'^sof•0 

MetrotoghiGmbH 
Meglingerstrasse49 
8000 Muenchen 71 
Tel: (49) 089/78042-0 
TU: 6213189 

Proelectron Vertriebs GmbH 
Max Planck Strasse 1-3 
6072 Orelekih 



Koning en Hartman 
1 Energieweg 
2627 AP Delft 
Tel: (31) 15609906 
TU: 38250 

NORWAY 

Nordlsk Eiektronikk (Norge) A/S 



1364 Hvalstad 

Tel: (47) (02) 84 62 10 

TU: 7/546 

PORTUGAL 

Oitram 

Avenlda Marques de Tomar, 46-A 

lOOOLlsboa 

Tel- (361)^) 73 48 34 



UNITED KINGDOM 

Accent Electronte Components L 
Jubilee House, Jubilee Road 
Letchworth, Herts 8G6 1TL 
Tek (^^^62) 686666 

Bytech-Comway Systems 
3 The Western Centre 



Vestry Estate 

OttordRoad 

Sevenoaks 

KentTN14 5EU 

Teh (4J^(0732) 450144 

MMD 

Unit8SouthvlewPari( 

Caversham 

Reading 

Beri(Shrre RG4 OAF 



Z.A.d«Court8boeuf 
Av.deiaBaltk|ue-BP88 
91943 LesUlis Cedex 
Teh (^y^9 07 78 78 



73-7fi. „ 

94663 Rungis Cedex 
Trt(^gJ^5 6004 00 

Metrokxjle 
Tour d'Asnleres 
4, av. Laurent-Cely 
92606 Asnleres Cedex 
Trt(^^(1J47 90e2 40 

Tekelec-Alrtronk: 
RueCarteVemet-BP2 
02315 Sevres Cedex 
Tel: (^j45 34 76 35 



Mtoro Mariceting Ltd. 
Offfce P 



Co. Dublin 

Teh(2Yj63)(01)85 63 25 



Eastrontcs Ltd. 
11 Rozanis Street 
P.O.B. 39300 
Teh-Aviv 61392 
Tel: (972) 03-475151 
TU:33e»8 



ITALY 



DMstone ITT Industries GmbH 



26010 Madrid 
Teh (34) 419 09 57 
TU: 27461 



NordiskElektronlkAB 

Huvudstagatan 1 

Box 1409 

171 27 Solna 

Teh (46) 08-734 97 70 

TU:1(fe47 

SWiTZERUND 

IndustradeA.G. 



8304Waillsellen 
Teh(4y^jg1)83 05 04 0 

TURKEY 

EMPA Electronic 
Lindwunnstrasse 95A 
8000 Muenchen 2 
Teh (4^ 089/53 80 570 
TU: 528573 



High Wycombe 
Buckinghamshire HP11 2ER 
Tel- (^^94) 442266 



Rapid House 
Denmarit Street 
High Wycombe 
Buckinghamshire HP11 2ER 
mCM^MM) 450244 

YUG08UVIA 

Rapklo Eiectronk: Components S 
Via C. Beccaria, 8 
34133 Trieste 



20092 CinlseiioBalsamo 



*Fieki Application Location 
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INTERNATIONAL SALES OFFICES 



Spectrum Building 
200Paclf)oHwy.,lev«l6 
Crows Nmt, NSW, 2065 



Intel Semleondutores do Brasll LTDA 
Av Paullsta, 11 59-CJS 404/405 
01311 - Sao Paulo -S.P. 
Tel: 55-11-287-6899 
TLX: 1 153146 SAPI BR 
FAX. 55-11-212-7631 

CHINA/HONQ KONQ 

Intel PRC Corporation 
1S/F, Office I.CitioBldg 
Jian Quo Men Wai Street 
Beijing, PRC 
Tel (l1 500-4850 
TLX. 22947 INTEL CN 
FAX:(1)5r 



Intel Semiconductor Ltd.* 
10/F East Tower 
Bond Center 
Queensway, Central 
IHongKong 
Tel: (5) 8444-555 
TLX- 63869 ISHLHK HX 
FAX. (5) 8681-989 



Intel Japan K.K. 

5-6 Tokodai, Tsukuba-shi 

IbarakI, 300-26 

Tel: 029747-8511 

TLX 3656-160 

FAX. 029747-8450 

Intel Japan K.K.* 
Dailclii Mitsugl BIdg. 
1-8889 Fuchu-cho 
Fuchu-shi, Tokyo 183 
Tel- 0423-60-7871 
FAX: 0423-60-0315 



1-23-9 Shinmachi 
Setagaya-ku, Tokyo 154 
Tel. 02M26-2231 
FAX. 03-427-7620 



Intel Japan K.K.* 
Mitsul-Selmel Musashi-kosugi Bl 
915 Shinmaruko, Nakahara-ku 
Kawasaki-Shi, Kanagawa 211 
Tel 044-733-7011 
FAX: 044-733-7010 



JAPAN (Cont'd.) 

si Japan KK 
ion Selmei A 

" " ihi-m». 

il, Kanagawa 243 
iei:u4t»f-29-3731 
FAX: 0462-29-3781 

Intel Japan K.K.* 
Ryokuchi-Eki Bidg. 
2^1 TerauchI 



Intel Japan K.K. 
Shinmaru Bklg. 
1-5-1 MarunouchI 
Chiyoda-ku, Tokyo 100 
Tel: 03-201-3621 
FAX- 03-201-6850 

Intel Japan K.K 
Green Bidg. 
1-16-20 NIshikI 
Naka-ku, Nagoya-shI 
Aichi 450 
Tel 052-204-1261 
FAX 052-204-1285 



Intel Technology Asia, Ltd. 
Business Center 16th Floor 
61, Yoido-Dong, Young Oeung Po-Ku 
Seoul 150 

Tei: (2) 784-8186, 8286, 8386 
TLX. K29312 INTELKO 
FAX: (2) 784-8096 



Intel Singapore Techi 



Qoldhlll Square 
Singapore 1130 
Tei: 250-7811 
TLX. 39921 INTEL 
FAX 250-9256 

TAIWAN 



10/F, No 206, Tun Hua N. Road 

Taipei, R O.C. 

Tei. 886-2-716-9660 

TLX: 13169 INTELTWN 

FAX 686-2-717-2455 



INTERNATIONAL 
DISTRIBUTORS/REPRESENTATIVES 



ARGENTINA 

DAFSYS S.R.L 
Chacabuco, 90-4 PISO 
1069-Buenos Aires 
Tel: 54-1-334-1871 
54-1-334-7726 
TU 25472 

AUSTRALIA 

Total Electronics 
15-17 Hume Street 
Huntingdale, 3166, 
Victoria, Australia 
Tei. 03-544-8244 
TLX- AA 30895 
FAX: 03-543-8179 



Elebra Microelectronica 

R. Geratdo Flausina Gomes, 78 

9 Andar 

04575- Sao Pauk>-S.P. 
Tel: 011-55-11-534-9637 
TLX' 3911125131 ELBR BR 
FAX: 55-11-534-9424 



DIN Instruments 
Suecia 2323 
Casilia6055,Con-eo22 
Santiago 

Tei: 56-2-225-8139 
TLX: 440422 RUDY CZ 

CHINA/HONO KONQ 



3, 20 Kingsf 
_-e1.26Kwa 
N.T., Kowloon 



Tel:i 
TWX: 39114 JINMI HX 
FAX: 852-0-261-602 



INDIA 

Micronic Devices 
Arun Complex 
No 65 D.V.G. Road 
Basavanagudi 
Bangalore 560 004 
Tei 91-812-600-631 

011-91-812-621-455 
TU: 0845-8332 MD BG IN 

Micronic Devices 
Fiat 403, Qagan Deep 
12, Rajendra Place 
New Delhi 110008 
Tel: 91-58-97-71 

011-91-57-23509 
TLX 03163235 MDND IN 

Micronic Devices 

No 516 5th Floor 

Swastik Chambers 

Sion, Trombay Road 

Chembur 

Bombay 400 071 

Tel- 91-52-39-63 

TLX- 9531 171447 MDEV IN 

S&S Corporation 
Camden Business Center 
Suite 6 

1610 Blossom Hill Rd 
San Jose. CA 95124 
U.S.A 

Tei: (408) 978-6216 
TU: 82(]281 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bklg. 2-14-1 Asano 
Kokurakita-ku 
Kital(yu8hu-8hl 802 
Tei. (kS-61 1-6471 
FAX: 093-551-7861 

C. Itoh Techno-Science Co., Ltd. 
4-8-1 Dobashi, Miyamae-ku 
Kawasaki-shi, Kanagawa 213 
Tel: 044-852-5121 
FAX: 044-877-4268 



JAPAN (Cont'd.) 

Dia Semicon Systems, Inc 
Wacore 64, 1-37-8 Sangenjaya 
ya-ku, Tokyo 154 



FAX. 03-487-8088 



2-4-18 Sakae 
Naka-ku, Nagoya-shi 460 
Tel: 052-204-2916 
FAX: 052-204-2901 
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Ryoyo Electro Corp 
Konwa Bidg. 
1-12-22 Tsukiji 
Chuo-ku, Tokyo ' 
Tel. 03-546-51)11 
FAX: 03-546-5044 

KOREA 



J-Tek Corporation 

6th Roor, Government Pension Bidg 

24-3 Yoido-Oong 

Youngdeungpo-Ku 

Seouri50 

Tel: 82-2-782-8039 

TU: 25299 KODIQIT 

FAX: 82-2-784-8391 

Samsung Semiconductor & 

Telecommunications Co., Ltd. 

150, 2-KA, Tafpyung-ro, Chung-ku 

Seoul 100 

Tei: 82-2-751-3987 

TU. 27970 KORSST 

FAX: 82-2-753-0967 

MEXICO 

Olcopel S.A. 

Tochtii 368 Praoc. Ind. San Antonio 

Azcapotzaico 

CP. 02760-Mexico, D.F. 

Tel: 52-5-561-3211 

TU: 1773790 DICOME 



Switch Enterprises 
36 Olive Road 
Penrose, Auckland 
ATTN: Dean Danford 
Tel: 64-9-591155 
FAX: 64-9-592681 



38,289-1618 

TWX- 56541 FRELS 
FAX: 2895327 

SOUTH AFRICA 

Electronic Building Elements. Pty. Ltd. 

P.O Box 4609 

Pine Square, 18th Street 

Hazelwood, Pretoria 0001 

Tel: 27-12-469921 

TU: 3-227786 SA 

FAX: 0927-012-46-9221 

TAIWAN 



No 585, Ming SI 
Taipei, R.O.C! 
Tel: 886-2-501-8231 
FAX: 886-2-601-4265 

Sertek 

5FL,135Sec.2 
Chien-Kuo N. Rd. 
Taipei 10479 

R.Oi.C. 

Tel- (02) 6010055 
FAX: (02) 6012521 
(0^ 5058414 

VENEZUEU 



IS4A17 

La Candeiaria, Caracas 
Tel: 58-?-571-0396 
TU: 28460 PBVEN VC 
FAX: 68-2-572-3321 



*Fleid Application Location 
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DOMESTIC SERVICE OFFICES 



Tel: (205) 83(M010 



Intel Corp. 
1122SN.28thDr. 
Suite D-214 



Intel Corp. 

500 E. Fry Blvd., Suite M-15 
Sierra Vista 85635 
Tel: (602) 459-5010 



1161 N. El Dorado Place 
Suite 301 
Tucson 85715 
Tel: (602) 299-6815 



Suite 116 

Canoga Park 91303 
Tel: (818) 704-8500 

Intel Corp. 
2250E./mp 
Suite 21 8 
El Seoundo 90245 
Tel: (213) 640-6040 

Intel Corp. 
1900 Prairie City Rd. 
Foisom 95630-9597 
Tel: (916) 351-6143 

Intel Corp. 

1510 Arden Way, Suite 101 
Sacramento 95815 
Tel: (916) 920-8096 

Intel Corp. 

4350 Executive Drive 
Suite 105 
San Diego 92121 
Tel: (619) 452-5880 

Intel Corp.* 

400 N. Tustin Avenue 

Suite 450 

Santa Ana 92705 

Tel: (714) 835-9642 

TWC: 910-596-1114 

Intel Corp.* 
San Tomas 4 

2700 San Tomas Expressway 
2nd Floor 
Santa Clara 95051 



Tel: (408) 986-8086 
TVM: 910-338-0255 



CONNECTICUT 

Intel Corp. 
26 Mill Plain R 



Intel Corp. 

6363 N.W.eth Way 

Suite 100 

R. Lauderdale 33309 
Tel: (3M) 771 -0600 
TVM: 510-956-9407 
FAX: 305-772-8193 



Suite 340 
Ortando 32822 
Tel: (305) 240-8000 
FAX- r 



Intel Corp. 
113004th S 



Intel Corp. 
3280Polnte 
Suite 200 



Tel: (404) 449-0541 
ILUNOfS 



Intel Corp.* 
300 N. Mart 
Suite 400 



Indianapolis 
Tel: (317) 871 

IOWA 



Intel Corp. 

1930 St. Andrews Drive N.L 
2nd Floor 

Cedar Rapids 52402 
Tel: (319) 393-5510 



Tel: (913) 345-2727 
MARYLAND 
Intel Corp.* 

7321 Paricway Drive South 
Suite C 

Hanover 21 076 



. .BiCorp. 
7633 Walker Drive 



MASSACHUSETTS 

Intel Corp.* 

WestfoitTCorp. Center 
3CarilsieRoad 
2nd Floor 
Westford 01886 
Tel. (508) 692-3222 



MICHIGAN 

Intel Corp. 

7071 Orchard Lake Road 
Suite 100 

West BkxNnfleid 48033 
Tel: (313) 851-8096 

MINNESOTA 

Intel Corp. 

3500 W. 80th St., Suite 360 
Bk>oniington 55431 
Tel: (6121835-6722 



Intel Corp. 

4203 Earth City Expressway 
Suite 131 



Jarth City 

Tel: (314(291-1990 



Intel Corp. 
Raritan Plaza III 
Raritan Center 
Edison 08817 
Tel: (201) 225-3000 

Intel Corp. 
385 Sylvan Avenue 
Englewood Cliffs 07632 
TeT (201) 567-0821 
TVM: 710-991-8593 

Intel Corp.* 

Paritway 109 Office Center 
328 Newman Springs Road 
Red Bank 07701 
Tel: (201) 747-2233 

tlntel Corp. 
280 Corporate Center 
75 Livingston Avenue 
First Ftoor 



Intel Corp. 

8500 Menaul Boulevard N.E. 
Suites 295 



Intel Corp. 
127 Main Street 
Binghamton 13905 



Falrport14<.. 
Tel: (71 6) 425-2750 
rm. 510-25 



Intel Corp.* 
300 Motor Pi , 

Tel"ffflf31-3300 
TWX: 510-227-6236 

Intel Ck>rp. 

westage Business CSenter 
Bldg.300, Route9 
Fishkill 12524 



NORTH CAROUNA 

Intel Corp. 

5700 Executive Drive 
Suite 213 
Chariotte 28212 
Tel: (704) 568-8966 

Intel Corp. 

2306W.MeadowvlewR 



Intel Corp. 

2700 Wycliff Road 

Suite 1(B 



Dayton 45414 
TeP (513) 890-5350 
TWX: 810-450-2528 



25700 Science Parte Dr. 
Suite 100 
Beachwood 44122 



BlCk>rp. 
6801 N. Broadway 
Suite 115 

Oklahoma City 73162 
Tel: (405) 848-8086 



.»i Corp. 
15254 n!w. 
Building B 
Beaverton 97006 
- ■ '"1) 645-8051 
10-467-8741 

Intel Corp. 

5200 N.E. Elam Young 
Hillstwro 97123 
Tel: (503) 681-8080 

PENNSYLVANIA 



Fort Washington 1903 
Tel: (215) 641-1000 
rm : 510-861-2077 

Intel Corp * 
400 Penn Center Bivd 
Suite 610 
Pittsburgh 15235 
Tel: (412) 823-4970 

PUERTO RICO 



Intel Microprocessor Corp. 
South Industrial Park 
P.O. Box 910 
Us Piedras 00671 
Tel: (809) 733-8616 

TEXAS 



Intel Corp.* 
12000 Ford Road 
Suite 400 



Intel Corp.' 
7322 S.W. 
Suite 1490 
Houston 77074 
Tel: (713) 988-8086 
■mi: 910-881-2490 

UTAH 

Intel Corp. 

428 East 6400 South 
Suite 104 



Intel Corp. 

1504 Santa Rosa Road 
Suite 108 



Tel: (804) 282-5668 
WASHINQTON 



155 108th Avenue N.E. 
Suite 388 
Bellevue 98004 
Tel: (206) 453-8086 



408 N. Mullen Road 
Suite 102 
Spokane 99206 
Tel: (509) 928-8086 



Intel Corp 

330 S. Executive Dr. 
Suite 102 
Brookflehj 53005 
Tel: (414) 784-8087 
FAX: (414)796-2115 

CANADA 

BRITISH COLUMBIA 

Intel Semiconductor of Canada, Ltd. 
4585 Canada Way, Suite 202 
BumabyV5G4L6 
Tel: (604) 298-0387 
FAX: (604) 298-8234 



of 

2650 Queensview Drive 
Suite 250 
Ottawa K2B 8H6 
Tel: (613) 829-9714 
TLX: (^115 

Intel Semiconductor of Canada, Ltd. 

1 90 Attwell Drive 

Suite 500 

RexdaleM9W6H8 

Tel. (416) 676-2105 

TLX: 06983574 

FAX: (416) 675-2438 



Intel Semiconductor of Canada, Ltd. 
620 St. John Boulevard 
Pointe Claire H9R3K2 



CUSTOMER TRAINING CENTERS 



CALIFORNIA ILLINOIS MASSACHUSETTS MARYUND 

2700 San Tomas Expressway 300 N. Martingale, #300 3 Carlisle Road 7833 Walker Dr., 4th Floor 

Santa Clara 95051 Schaumburg 60173 Westford 01886 Qreenbett 20770 

Tel: (408) 970-1700 Tel: (312)310-5700 Tel: (508)692-1000 Tel: (301) 220-3380 



SYSTEMS ENGINEERING OFFICES 



2700 San Tomas Expressway 300 N. Martingale, #300 300 Motor Partway 

Santa Clara 95051 , Schaumbura 60173 Hauppauge 11788 

Tel: (408) 986-8086 Tel. (312) 310-8031 Tel: (516) 231-3300 
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UNITED STATES 
Intel Corporation 
3065 Bowers Avenue 
Santa Clara, CA 95051 

JAPAN 

Intel Japan K.K. 

5-6 Tokodai, Tsukuba-shi 

Ibaraki, 300-26 

FRANCE 

Intel Corporation S,A.R,L, 

1, Rue Edison, BP 303 

78054 Saint-Quentin-en-Yvelines Cedex 

UNITED KINGDOM 

Intel Corporation (U-K.) Ltd. 

Pipers Way 

Swindon 

Wiltshire, England SN3 IRJ 

WEST GERMANY \ 
Intel Semiconductor GmbH 
Dornacher Strasse 1 

8016 Feldkirchen bei Muenchen \ 

HONG KONG 

Intel Semiconductor Ltd. 

10/F East Tower 

Bond Center 

Queens way, Central 

CANADA 

Intel Semiconductor of Canada, Ltd. 
190 Attwell Drive, Suite 500 
Rexdale, Ontario M9W 6H8 
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